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ABSTRACT

Background
This thesis studies the Computed Tomography department in the study hospital. Given the
voluminosity of the subject, the investigator concentrates more on a few critical questions/factors
that will help others understand imperative parameters that come into the picture while procuring an
additional Computed Tomography machine. The parent hospital is a tertiary care teaching hospital
located in the district of Dharwad, Karnataka with a population of 11,58,000 (approx.; as per the
inflated rate to the Census 2011)2.

The investigator seeks to study the CT department at the study hospital, along with the demographic
details of the area to look into the catchment area, internal potential of CT scans & comprehensive
details of the current working model of the CT machine, which includes working hours, staffing &
statutory requirements along with other provisions and observations as and when undertaken during
the course of the study.
The key questions that the author attempts to answer in this thesis is:
➢ Does the parent hospital require an additional CT machine in the hospital?
➢ How to do a need assessment and financial feasibility report for a CT machine?

The aforementioned questions are not exclusive and during the course of the study, any relevant
questions and observations identified will be stated and explained.

Objectives
➢ To study the existing Computed Tomography scan facility of the hospital with respect to

infrastructure, workload & workflow of the department.
➢ To conduct a need assessment for procurement of an additional Computed Tomography

machine.
➢ To study the operational and financial feasibility of setting up an additional Computed

Tomography machine

Methodology
The time period of the study was 1st November, 2020 to 14th February, 2023.

➢ Study Design: It is a non-interventional, descriptive study.
➢ Study Participants:

i. Inclusion Criteria: CT Department of Radiodiagnosis & staff from the referral
departments.

ii. Exclusion Criteria: Departments not related to the CT department. For the need
assessment, only the internal potential was assessed and the external potential/assessment
was excluded

➢ Sampling: It is a comprehensive study on a CT machine; its user and referral departments.
Hence, sampling is not applicable. However, secondary data will be reviewed between the
period of 2016 to 2022.

➢ Study Procedure: Observational, non-interventional descriptive study along with analytical
inferences for the need assessment & feasibility report.
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Results
This thesis studied the Computed Tomography department of a tertiary care teaching hospital, along
with a need assessment and feasibility study for procuring an additional CT machine. It observed
the workflow, workload and staffing of the existing CT machine in the department, & did a need
assessment for an additional CT machine by looking at the current patient footfall and conducting
an unstructured interview with the user and referral departments. Once, the need for an additional
CT machine was identified, the investigator prepared a Feasibility Report, consisting of the
Operational feasibility and Financial feasibility. The Operational feasibility checked for the
feasibility of an additional CT machine on the basis of Location, Area, Infrastructure & Manpower.
For the Financial feasibility, it used various financial parameters and calculations to find the
feasibility of procuring an additional CT machine.

Conclusion
This thesis concludes that given the current footfall of patients for the CT scan, and the potential
demand for further scans, it is viable if the management decides to procure an additional CT
machine, which is backed with a Feasibility Report that is provided in detail. Further site survey for
potential stationing site and specifications of the additional CT machine can be explored.

Keywords
Computed Tomography machine, need assessment, time motion study, feasibility report, capital
expenditure, operational expenditure, net present value, internal rate of return, profitability index,
payback period.
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“Study of a Computed Tomography Department in a tertiary care teaching hospital with
special emphasis on need assessment and feasibility study for an additional Computed
Tomography machine”

INTRODUCTION

“If you think it is expensive to hire
a professional to do a job, wait till you
hire an amateur.”-Red Adair

A computed tomography scan (usually abbreviated to CT scan; formerly called computed axial
tomography scan or CAT scan) is an imaging technique used by the medical fraternity to get high
resolution & precise images of the body. The CT scanners have a rotating X-ray tube and a
sequence of detectors placed in a device called gantry that measures X-ray attenuations by different
tissues & organs inside the body. These images are then processed on a software/computer system
that runs reconstruction algorithms which give tomographic (cross-sectional) images (which in
layman terminology and use is called "slices").

The one benefit CT scan has over Magnetic Resonance Imaging (MRI) is it can be used in patients
with metallic implants & pacemakers.

Since the 1970s, CT scanning has been a versatile imaging technique. The 1979 Nobel Prize in
Physiology or Medicine was awarded jointly to South African-American physicist Allan M.
Cormack and British electrical engineer Godfrey N. Hounsfield "for the development of
computer-assisted tomography".1

This thesis will study the CT department in the study hospital. Given the voluminosity of the
subject, the author will concentrate more on a few critical questions/factors that will help others
understand imperative parameters that come into the picture while procuring a new CT machine.
The parent hospital is a tertiary care teaching hospital located in the district of Dharwad, Karnataka
with a population of 11,58,000 (approx.; as per the inflated rate to the Census 2011)2

The investigator seeks to study the CT department at the study hospital, along with the demographic
details of the area to look into the catchment area, internal potential of CT scans & comprehensive
details of the current working model of the CT machine, which includes working hours, staffing &
statutory requirements along with other provisions and observations as and when undertaken during
the course of the study.
The key questions that the author attempts to answer in this thesis is:
➢ Does the parent hospital require an additional CT machine in the hospital?
➢ How to do a need assessment and financial feasibility report for a CT machine?

The aforementioned questions are not exclusive and during the course of the study, any relevant
questions and observations identified will be stated and explained.
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OBJECTIVES

➢ To study the existing Computed Tomography scan facility of the hospital with respect to
infrastructure, workload & workflow of the department.

➢ To conduct a need assessment for procurement of an additional Computed Tomography
machine.

➢ To study the operational and financial feasibility of setting up an additional Computed
Tomography machine
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NEED FOR STUDY

In the study hospital, there is a 128 slice CT machine already procured and operational since 2013.
Each machine/equipment/item procured in the hospital has to be viewed from all the shareholders’
and those that will be working with the machine’s point of view. To the radiologist, the machine
will be used to get the desired film which will be used for examination and drafting the findings. To
the technician, the machine should be functional and operational to its optimum level to get the
desired images. To the patient, the machine will be able to help the doctor treating the patient to
give proper treatment. To the physician, its report will help with the diagnosis and further treatment
plan of the patient. To the owner or shareholders of the hospital, it should make the hospital a profit
by running and operating round the clock and imaging patients to a level where the hospital makes
a surplus to put back as investment into the hospital.

Combine all these aspects, and you get the points at which the Hospital Administrator considers the
following variables, for arriving at an optimized decision:

➢ The procurement cost of the machine
➢ The running cost of the machine
➢ The specifications of the machine
➢ The manpower involved at running the machine and the reporting of the images
➢ The wheel in and wheel out time of the patient
➢ The number of investigations done in a day/month/year
➢ The running time of the machine
➢ Consumables used during the scans

These are some of the aspects that the Hospital Administrator has to look into in case the
shareholders feel there is a need to procure a new machine, which may replace or be in addition to
the existing machine. The specification of the machine (whether to buy a machine of the
same/higher/lower “slices”) plays an important factor. For a better understanding to the reader, the
word “slices” has to be explained. “Slices” implies resolution. In common terminology, slices can
be recognised as images of varying thickness. Thin slice is generally regarded as planes
representing a thickness of less than 3 mm.3,4 Thick slice is generally regarded as planes
representing a thickness between 3 mm and 5 mm.4,5

Given the voluminosity of the subject, the author limits the scope of this thesis to a few critical
questions that will help others understand imperative parameters that come into the picture while
procuring a new CT machine.

The author seeks to study the CT department at the parent hospital, along with the demographic
details of the area to look into the catchment area, the potential & comprehensive details of the
current working model of the CT machine, which includes working hours, staffing, statutory
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requirements along with other provisions and observations as and when undertaken during the
course of the study.
The key questions that the author attempts to answer in this thesis is:
➢ Does the parent hospital require an additional CT machine in the hospital?
➢ How to procure, install & commission a CT machine?

The aforementioned questions are not exclusive and during the course of the study, any relevant
questions and observations identified will be stated and explained.
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REVIEW OF LITERATURE

History

Computed tomography goes as far back, in principle, as 1917 with the mathematical theory called
Radon transform.6,7 In October 1963, a patent was filed in the United States of America by William
H. Oldendoff for a "radiant energy apparatus that investigates certain areas of interior objects that
are obscured by dense material".8 The first CT scanner that was available to be bought and used in
the healthcare industry was by Godfrey Hounsfield in 1972.9

Etymology

The word "tomography" finds its root from the Greek etymology of tome (slice) and graphein (to
write).10 Originally termed the “EMI scan”, because it was produced in the 1970s by a research
company called EMI, which is currently known for its recording endeavors in the music industry.11

Eventually it came to be called computed axial tomography (aka, CAT or CT scan) and body section
röntgenography.12

The term "CAT scan" is obsolete as the current scans enable for multiplanar reconstructions. This
makes the current terminology of "CT scan" most ideal , and it is used by radiologists and clinicians
in common language as well as in education and scientific & journal papers.13,14,15

Infrastructure

As per the Cambridge dictionary, infrastructure means “the basic systems and services, such as
layout, area, transport and power supplies, that a country or organization uses in order to work
effectively.”16 It looks into the layout, area, equipment and inter-related connexions that exist for
the smooth functioning of a department.
As per Facility Guidelines Institute (FGI), CT gantry room comes under the class 1 Imaging room
category, which implies that it can be accessed from an unrestricted area with a minimum of 6 air
changes per hour. There are no pressure requirements. The walls should be washable, the floor
cleanable and wear resistant for the location, firm and slip-resistant.17 As documented in a paper
from Ghana, ”In Ghana, there is a need to document computed tomography (CT) infrastructure and
management systems for the development of interventions to promote CT practices while ensuring
patient protection through the establishment of diagnostic reference levels and improved dose
management systems.18

What is also of paramount importance is preparing the necessary licenses and registrations, along
with a reel of documentation that has to be prepared before procuring the equipment. This requires
registration along with assessment of the area with emphasis on the safety of the healthcare staff,
and compliance of all the statutory requirements as enlisted by the Atomic Energy Regulatory
Board (AERB), as stated:
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“It is mandatory for all users of medical diagnostic x-ray equipment to obtain License for Operation
from AERB as per Atomic Energy (Radiation Protection) Rules 2004. To facilitate online
submission of applications for regulatory consents and establish channels of communication with
AERB for other regulatory requirements, AERB has launched a Diagnostic Radiology module in its
e-governance application e-LORA (e-Licensing of Radiation Applications) System. All diagnostic
x-ray equipment user Institutes are required to use eLORA for obtaining operating License from
AERB.”19

Other various declarations required are compiled here in an abridged format from the exhaustive
documents available on the AERB’s official website:

➢ Declare Employees (Number and names of employees, staff, operators)
➢ Operational License.
➢ Designated RSO (Radiological Safety Officer)
➢ The minimum qualification requirement for employees in Diagnostic

Radiology(MD/MS/DNB/BDS/MDS/ equivalent associated with the use of X-ray
equipment Operator Qualified X-ray technologist/Radiographers OR Medical Practitioner
(as above) RSO Any person having valid AERB RSO approval for your Institute.)

➢ For CT and Interventional Radiology facilities, RSO approval is mandatory.
➢ A sketch of layout (1:50 scale) of each CT room (The same for the parent hospital is

attached in this thesis for better understanding)
➢ Providing all the details about wall dimensions, wall thickness, wall/shielding material,

distances of all walls/shielding from x-ray equipment, relative positions of x-ray equipment,
couch, control console/control room, protective barrier, door(s), window(s) , occupancy
around the x-ray room etc.

➢ Preparation layout details, guidelines and model layout plan.
➢ Standard Layouts. You are required to preserve the duly signed and stamped copy of x-ray

room with details of shielding at your institution and the same will be verified during AERB
inspection. There is no requirement to prepare a new layout plan in case you already have an
AERB approved layout plan. The same can be used as a record for layout.

Varied equipment and devices are used to benefit society. The element of danger in these differs,
therefore, prerequisites for consent will also vary for various modalities. Therefore, the consent is
given by keeping in mind various factors involved. The objectives that are kept in mind emphasize
only those practices that justify their use in benefiting society, and radiation protection has to be
optimized for all radiation facilities and the dose (exposure) of the employee has to be within the
prescribed limits, and potential for accidental exposures has to be curbed and limited. This requires
approval of machines and equipment after undergoing the design and safety checks only after which
approval is given. For this a compliance check list of the area, layout, architecture and shielding etc.
is used.

As received from the exhaustive documents made available by AERB, the following are the
different types of Regulatory Consents that are granted to the facility:20
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“Consent in the form of Licence is issued to the following facilities

➢ land based high intensity gamma irradiators other than gamma irradiation chambers;
➢ particle accelerators used for research and industrial applications;
➢ neutron generators;
➢ facilities engaged in the commercial production of radioactive material or radiation

generating equipment;
➢ Telegamma and accelerators used in radiotherapy;
➢ computed tomography (CT) unit;
➢ interventional radiological x-ray unit;
➢ industrial radiography; and
➢ such other source or practice as may be notified by the competent authority, from time to

time

License in the form of Authorisation is issued to the following facilities

➢ brachytherapy;
➢ deep x-ray units, superficial and contact therapy x-ray units;
➢ gamma irradiation chambers;
➢ nuclear medicine facilities;
➢ facilities engaged in the commercial production of nucleonic gauges and consumer products

containing radioactive material; and
➢ such other source or practice as may be notified by the competent authority, from time to

time;

License in the form of Registration is issued to the following facilities

➢ medical diagnostic x-ray equipment including therapy simulator;
➢ analytical x-ray equipment used for research;
➢ nucleonic gauges;
➢ RIA laboratories;
➢ radioactive sources in tracer studies;
➢ biomedical research using radioactive material; and
➢ such other source or practice as may be notified by the competent authority, from time to

time;

License in the form of Consent is issued to the following facilities

➢ approval for siting, design, construction, commissioning and decommissioning of a
radiation installation;

➢ approval for sealed sources, radiation generating equipment and equipment containing
radioactive sources, for the purposes of manufacture and supply;

➢ approval for package design for transport of radioactive material;
➢ approval for shipment approval for radioactive consignments; and
➢ Such other source or practice as may be notified by the competent authority, from time to

time”20
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Manufacturer/ Supplier licensing

Most of the Licenses and Consents are required by the facility, but the approval of the design and
the approval of the prototype of the equipment has to be obtained by the Manufacturer or Supplier.
There are various reputed companies available all over the world that make the necessary
equipment and models which have to obtain this license from the competent authority.

The regulatory consenting process for Radiation Facilities involves following activities:

➢ Conducting type approval tests for radiation devices and packages for transport of
radioactive materials so as to ensure compliance with national regulatory requirements.

➢ Issuance of Type approval Certificate for radiation devices and packages for transport of
radioactive material.

➢ Lay out approval of radiation installations from a radiation safety view point.
➢ Issuance of approval Radiological Safety Officer (RSO).
➢ Issuance of License / Authorization /Registration to users of radiation sources and radiation

generating devices.
➢ Authorization for decommissioning of radiation facility and transport of spent/disused

sources for disposal.
➢ Inspection of radiation installations, devices and packages containing radioactive material

for compliance assurance.
➢ Investigation of unusual occurrences including excessive exposures.

AERB has developed an electronic licensing system for radiation applications called E-LORA for
helping users to file applications and associated documents online. There are guidelines available in
this system for all types of facilities and activities involving radiation applications and
corresponding requirements. Diagnostic Applications of Radiation (e.g X-Ray machines, Computed
Tomography machines, Cath Lab equipment, C-Arm, Mammography machines, general purpose
Industrial radiography machines etc.) and therapeutic applications of radiation such as radiotherapy,
nuclear medicine and Radio-Immuno Assay (RIA) are covered in this online system. The Consent
process is explained in greater detail in e-LORA web portal.

AERB also conducts special Regulatory Inspection (RI) of the radiation facilities under
construction depending on the type and consenting stage of the facility. During these RIs, the focus
is mainly on aspects related to Radiation protection & Radioactive waste management including
management systems of the responsible organization for safe operation. The inspections are carried
out typically by an authorized inspector or a team of authorized inspectors depending on the scope
of inspection.

AERB conducts routine Regulatory Inspection (RI) of the operating radiation facilities following a
graded approach depending on their hazard potential which ranges from once in a year to once in
five years. During these RIs, the focus is mainly on aspects related to Radiation protection &
Radioactive waste management including management systems of the operating organization for
safe operation. The inspections are carried out typically by a team of authorized inspectors
depending on the scope of inspection. AERB can take actions to make sure that the rules laid out by
the Atomic Energy Act 1962 are followed for the safety of the employees.
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Operation of CT Equipment

Optimum utilization of the CT machine is of paramount importance to the hospital. It is not only an
implication of the financial parameter but also patient care, as the dose of radiation exposure should
be at a minimum. Thus, the time the workflow of the patient’s CT scan should be optimum and
minimum.

As per a quote21 from an NYU Langone Health executive, “It’s a 10 minute workflow,” said Civil
Chamakalayi, assistant director of CT, USG and X-Ray Services for NYU Langone Health. “Patient
should be inside the Gantry room and outside within this time. This includes loading of the contrast
injector, placing the patient on the gantry, the performing of the scan and taking the patient out of
the room and preparing the gantry for the next patient. All of these steps need to be done in 10
minutes. Thus, having equipment that functions optimally is of the highest priority.” The CT
department at most tertiary care hospitals provides 24-hour support and imaging for trauma
patients. Lead CT technologist Amelia Patterson21 underscores the availability of a quick and
dependent CT equipment. “When you’re in a facility where the CT machine is used constantly, the
process flow becomes extremely imperative. And if a device malfunctions, it has to be rectified
right away— because the CT machine is functioning in a trauma center.”

The theoretical capacity of a CT scanner is the number of scans that it can produce per time period
and is a function of several variables.22 The imperative variables are scanning speed (determined by
machine design), operational hours in a day, and the time taken to shift the patient to the gantry and
the entry of the next patient after the scan. As all of these, except scanning speed,vary, the
“capacity” may differ depending on the abovementioned factors. In particular, from a number of
studies, the number of hours per week considered full utilization has ranged from 40 or 50 to 80
hours.22

The Colorado Radiological Society made the lowest known estimate of operational capacity on this
basis, 1,800 examinations per year (109). This figure assumes 1 hour per scan, 40 hours per week,
and allows for holidays and “downtime.”22

The rule of thumb of one hour for a head scan holds true, as indicated by Evens and Jest, which
found that for a head scan, the average time taken was 32 minutes, i.e., a plain case, and 53 minutes
with contrast. With duration, the uptime of a machine reduces.
The National Guidelines for Health Planning presume that the theoretical capacity of a CT scan
machine is 2,500 examinations per year, regardless of type of examination.22

One purpose of the Guidelines is to assure full utilization of existing scanners before allowing
additional scanners in a particular area. The Guidelines do not take into account some of the
complexities described above, but do allow adjustment of the standards by HSAs and State health
planning agencies to allow for such factors. Taking this into consideration, the investigator spoke to
vendors to get an idea on the Uptime of a CT machine and all, post specifications, experiments and
trials done in their reputed international companies, quoted an uptime of 95% which becomes 80%
by the end of the lifespan of the machine which is 10 years.23 Some metrics that are taken into
consideration to find the normal lifespan of a CT machine tube are:23
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1. Total patient exams: This is the number of cases performed. It is an unreliable
method and hence rarely used. This metric doesn’t consider the duration or type of
scan done.

2. Clicks and counts: Shows how many exposures ( like the odometer on a car) are
given to the patient during a scan. This does not consider the energy used. Using the
“clicks”, the time for which the tube has been in use can be calculated using the
rotation speed of the gantry.

3. Scan Seconds: This calculates the duration of the tube exposures. The amount of
heat that passes through the tube is not taken into consideration.

4. mAS: The provides the duration of scan and the power/energy that is passing through
the tube. Hence, it is the most reliable metric.

License from the Competent Authority is necessary to operate the X-ray equipment/machine & its
equivalent.

There are certain Prerequisites that are necessary to get the License to operate the X-ray equipment
like the “Layout” of the room and the room must adhere to the “Shielding” requirements. The room
where the X-Ray/CT equipment is placed should have enough area to allow for unrestricted
movement of the employees and for the patient’s positioning.

Shielding of the structure enclosing the CT/X-Ray machine consisting of the roof, walls, doors and
the floor, has to be done so that the unavoidable radiation exposures to the employees of the
department and the patients and their attenders are minimum and never go beyond the limits set for
the effective doses per year by the AERB guidelines.

The shielding material should have overlaps at the joints or any other discontinuity or angular
breaks at the doors or walls. The Console room for the Computed Tomography machine is installed
in the adjoining room to the machine and should also have the necessary shielding, with a viewing
window of the appropriate measurement and with facility to give oral orders/communication
between the technician and the patient on the CT table. The CT gantry and the couch/table of the
machine should be positioned such that they are visible from the Console room’s viewing window.
Interventional Radiology’s equipment room (*Interventional Radiology was not available at the
study hospital), should also contain appropriate shielding, viewing window and a feature for oral
verbiage between the technician and the patient. In the equipment/machine room, which will
contain the maximum exposure. A chest stand should be designated which will be used by the
technician, the nurse or the attender during the scan to limit the exposure of radiation (In the study
hospital, this chest stand was called the Lead apron*). For the mobile/portable radiological
equipment it is clearly stated by the AERB that ”Mobile X-ray equipment, when used as fixed
X-ray equipment, shall comply with all the requirements of those of fixed X-ray installation.”24 The
mobile equipment in the department (be it portable X-Ray or USG) are to be limited within the
institute. For the pregnant women, a permanent warning sign should be pasted in the equipment
room that clearly shows that the equipment emits harmful radiation. It is also mandatory that the
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“Shielding” should be provided around the equipment on all sides to a height of 2m from its
base/ground surface if the equipment is mounted in a vehicle.

The material and thickness of walls of the CT gantry room is of crucial importance. Radiation
spreads horizontally as well as through scatter effect. Though one mm lead thickness may suffice up
to 30 exposures, a wall thickness of 2 mm lead equivalent should be ideal (1 mm of lead = 8-10 cm
of poured standard concrete of density 2.35 G/cm2 = 1 cm of plate glass or 5 mm thick steel
sheeting), especially against the direction of beam.

Generic Requirements25

“The generic design requirements are those that shall be met for all X-ray equipment. The modality
specific safety requirements are addressed separately.

2.2.1 X-ray Tube Housing X-ray tube housing for medical diagnostic

X-ray equipment shall be so constructed that leakage through the protective tube housing in any
direction shall not exceed the limits as specified.

2.2.2 Beam Limiting Device/Collimator X-ray tube shall be provided with beam limiting device to
restrict the X-ray field. There shall be a light field and an indicator showing the center and borders
of the light field. These beam limiting devices shall comply with the leakage radiation limit
specified for X-ray tube housing. The beam limiting device shall be adjusted such that radiation
field and light field alignment shall be within the tolerances specified by the regulatory body.

2.2.3 X-ray Beam Filtration X-ray tube shall be provided with appropriate filters. The minimum
total filtration in the primary beam for maximum rated operating tube potential shall meet the
requirements as specified.

2.2.4 Identification, Marking & X-ray Caution Symbol The identification marking label containing
make, model, maximum operating parameters, serial number, name and address of the manufacturer
shall be provided on the X-ray equipment such that it is visible when the equipment is installed.
X-ray tube housing shall be conspicuously marked with make, model and serial number. X-ray tube
housing shall also be marked with (i) X-ray tube inherent filtration, (ii) X-ray tube added filtration
and (iii) focal spot position.

2.2.5 X-ray Tube Positioning X-ray equipment shall have facilities for tube positioning,
target-to-film distance selection, beam centering and angulations and appropriate features to display
the same. Tube housing and tube support shall have appropriate locking devices to immobilize the
tube in the desired location and orientation.

2.2.6 Control Console Control console shall clearly indicate the appropriate exposure parameters. In
case more than two X-ray tubes are available in the X-ray equipment, there shall be visible and
clear indication on the control console, of which the X-ray tube is energized and under use.
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2.2.7 Exposure Switch Control console shall have provision to terminate X-ray exposure
automatically after a pre-set time or manually at any moment before this time.

2.2.8 Automatic Exposure Control (AEC) Accuracy of AEC system shall be as specified in
Appendix-I for all phantom thicknesses. Manual selection of X-ray tube current-exposure time
product (mAs) or at least one of its component parts X-ray tube current (mA) and/or exposure time
(s) shall be available.

2.2.9 Couch The couch used with the X-ray equipment shall meet the requirements as specified.

2.2.10 Anti-scatter Grid If the X-ray equipment is provided with an anti-scatter grid, it shall be
detachable.

Computed Tomography (Fixed and Mobile) Equipment In addition to the generic requirements
stated in section 2.2, the Computed Tomography equipment shall comply with following:

2.3.5.1 Control Console All conditions of operation for CT such as the exposure parameters, section
thickness, pitch factor, and filtration to be used during a scan series shall be indicated prior to the
initiation of a scan or scan series.

2.3.5.2 Scan Plane Visualizer A scan plane visualization device shall be provided to indicate
directly or indirectly the position of slice plane(s) (tomographic plane and/or a reference plane
offset from the tomographic plane) on the patient.

2.3.5.3 Exposure Control Initiation or continuation of irradiation shall be possible only from the
control console.

2.3.5.4 Emergency Termination of Motorized Movements and Loading An emergency stop switch
shall be in place on or near the patient support and/or gantry to immediately terminate the motion of
the equipment and the emission of X-rays.

2.3.5.5 Patient Dose Monitoring and Recording The monitor shall display and record the dose
related quantities i.e. Computed Tomography Dose Index (CTDI), Dose length product (DLP) and
exposure parameters.”25

These guidelines on General Recommendations are the primary skeleton for making sure that the
basic preliminaries are taken care of before procuring a Radiological machine, and from the
exhaustive instructions, the author has compiled those that relate to the CT machine. These are in
line with the Minimum Standards for Imaging Centers26 as set by the Govt. of India. As observed
during the course of the study, the “Space requirement” of the parent department meets the
standards.
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Operational Guidelines

Conditions of Licence27

“The employer and licensee shall:

(i) Manufacture on commercial scale only those X-ray equipment which are AERB Type Approved.

(ii) Supply only Type Approved X-ray equipment to AERB authorized suppliers.

(iii) Cease commercial production of all type approved equipment, on expiry of the validity of
Licence.

(iv) Ensure that if part or complete activity of manufacturing is outsourced to any agency, it is the
responsibility of the Original Equipment Manufacturer (OEM) to ensure that all the quality
protocols with respect to radiation safety are duly complied with, by the outsourced agency. The
outsourced agency shall also be subject to inspection by the regulatory body as applicable to OEM.

(v) Obtain procurement permission from the Competent Authority for procurement/import of X-ray
tube(s)/X-ray tube inserts.

(vi) Maintain data of testing of X-ray tubes and X-ray equipment.

(vii) Make premises available for inspection to inspector(s) authorized by the Competent Authority.

(viii) Adhere to any other requirements stipulated by the Competent Authority from time to time.”52;

27

The same were discussed with the Senior Engineer of the Vendor company for the CT machine that
was invited to come to the Parent Hospital to answer questions regarding the same. One important
feature not mentioned here is the PCPNDT form B28 that has to be approved by the Vendor
company too. The Original Equipment Manufacturer inspection of the vendor company was
conducted by the government authorities at the main office/factory of the vendor company.

Type Approval/ No Objection Certificate (NOC)27

“In case of imported X-ray equipment, Type Approval shall be obtained by the authorized supplier
(s).

4.5.1 Prior to marketing the X-ray equipment the supplier of imported equipment, shall obtain a
Type Approval Certificate from the Competent Authority, on demonstration of performance of the
X Ray equipment.

4.5.2 Import of X-ray equipment, meant for Type Approval, shall be carried out by the authorized
supplier only after obtaining NOC for import for Type Approval, from the Competent Authority.
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4.5.3 Type Approval/NOC will be issued only if the equipment satisfies the safety requirements of
this safety code and the standards in force.

4.5.4 Once X-ray equipment is Type approved, routine import of the type approved models shall be
carried out only after obtaining permission for procurement, for each consignment, from the
Competent Authority.

4.5.5 Only NOC validated/Type Approved X-ray equipment shall be marketed in the country. 4.5.6
Type Approval becomes invalid if any change is made in the design specifications of the Type
approved model.

4.5.7 Type Approval shall be renewed before its expiry.”27

The same rules apply for a CT machine as defined for the X-Ray equipment by AERB. As in the
case of the parent hospital, the CT machine was imported from a foreign vendor. Hence the NOC
and the type approved for the CT machine/equipment was sought by the parent hospital and only
after receiving the same was the existing CT machine procured in 2014. This underscores the
relevancy of documentation and compilation of a list of documents/licenses/NOC that should be
ready before procuring the machine. The licenses also help the parent hospital to find the potential
areas within the hospital that match the layout required by AERB. Hence, the hospital can do an
internal survey, consisting of the Medical Superintendent, Chief Medical Engineer and other
engineers like Civil, Mechanical, to find the relevant area that matches the requirements.

Table 1: A standard checklist with checkpoints that should be kept under consideration when
planning the CT Gantry room (Source: AERB)

Unlike other services like laboratories, there is no mechanism available/in practice for external
quality assurance or validation of the testing technique /results. The only measure available for
external quality assurance is through certification/accreditation by agencies such as ISO 9001-2000,
NABH or JCI. However, certification by these agencies can only assure the quality of structure, the
process (documented policies/procedures, compliance with regulations) and the implementation of
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a Quality Management System. It cannot serve the purpose of technical validation of the accuracy
and reliability of reports.

Floor- and building vibrations can reduce image quality. Sources that produce vibrations are, e.g.:
Railroad routes, subways, roads, road works and construction sites, hospital power plants, mines,
open-cast minings, quarries (explosions), ferry moorings, any other sources of striking vibrations.
Any transient vibration has to be less than 0.5 m/s² peak-to-peak in the time domain. The vibrations
have to be measured with a sampling rate of 1000 Hz. The CT system is not sensitive to common
vibrations. If the CT is away from vibrational sources, or the CT is replacing a CT system that to
date has not shown image quality problems due to vibrations, it is usually not necessary to execute
vibrational measurements. With all this information, further study was conducted.

Table 2: Room height specifications and thickness of wall material with distance from
isocenter (Source: AERB)

32



Table 3: On-site cooling specifications of the machine along with the weighing capacity
(Statics) (Source: AERB)

Picture Archiving and Communication System

Another important aspect for the Radiology department, is the Picture Archiving and
Communication System, aka PACS. A picture archiving and communication system (PACS) is a
computerized means of replacing the roles of conventional radiological film: images are acquired,
stored, transmitted, and displayed digitally.29 Of paramount importance in terms of picture archiving
and communications system (PACS) is that the images generated of the patients’ scans are retained
in the PACS system and that the information/images are not lost or damaged. As per the AERB
Safety code. “Imaging devices and other medical radiological equipment which are interconnected
by computer networks and exchange information shall be in accordance with national /international
standards.”30 Thus, the software/hardware has to be designed such that the information is always
retained.

Quality Assurance (QA) Requirements

The end user has to make sure that there are QA checks that are done periodically by any AERB
recognised authority. These have to be carried a minimum of once in a period of two years and are
to be conducted mandatorily after any mechanical repairs on the machine. It is impending on the
institute to make sure that the servicing of the machine is also done by a company that is AERB
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recognised.

Fig.-1: Standard layout of a CT Gantry and Console room (Source: AERB)

Legend: 1. CT Gantry 2. Examination Table 3, 4. Control Unit 5. Viewing glass window of 100cm x
80cm of 2.0 mm lead equivalence

Regulatory Requirements for Diagnostic Radiology facilities

General Requirements

“Renewal of License. The License accorded by the Competent Authority shall be renewed before its
expiry. Decommissioning of X-ray Equipment Decommissioning of the X-ray equipment shall be
carried out by authorized agencies with prior intimation to the Competent Authority.”31 Since the
procurement of the existing CT machine, the study hospital has undergone one renewal of the
license, which is done every 5 years.

The process flow of patients from entry into the CT department and exit is also of paramount
importance. As stressed upon in the article, “Ordering and protocolling CT scans after-hours from
the emergency department (ED) at our institution previously required discussion between the ED
physician and radiology resident, which led to workflow inefficiency. Our intervention consisted of
creating an electronic list of CT requests that radiology residents would monitor. Radiology
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protocolled straightforward requests and contacted the ordering physician for more details when
required. We aimed to improve workflow efficiency, increase provider satisfaction and reduce CT
turnaround time without significantly affecting CT utilization. Plan-do-study-act cycles were used
to plan and evaluate the intervention.”32

Need Assessment & Cost Implications

A needs assessment can be described as the systemic process in which determinants and “needs”
are addressed, or “gaps”, between the current process and the desired process or “wants”33

. Needs
assessment is considered a subset of planning. It is performed to conceptualize problems and
conclude to relevant solutions.34 One prerequisite is to require sufficient data.35 Needs assessments
leads to streamlining and improvements to policy, program decisions, individuals, education,
training, organizations, communities, or products. 35

“The “needs” in a needs assessment consists of: perceived need, expressed need and relative need.

1. Perceived needs are defined by what people think about their needs, each standard
changes with each respondent.

2. Expressed needs are defined by the number of people who have sought help and
focuses on circumstances where feelings are translated into action. A major
weakness of expressed needs assumes that all people with needs seek help.

3. Relative needs are concerned with equity and must consider differences in
population and social pathology.”36

National trends show that the utilization of CT is increasing at a rapid pace.37,38,39,40 This is a factor
for scrutiny for the radiology community as this increases the cost and radiation exposure to the
patients. CT is already the greatest source of the compounded radiation dose and exposure in the
United States. Approximately 75% of radiation exposures (excluding the background sources) in
the United States are attributed to CT.41 Because of this, a detailed analysis of CT utilization in
clinical practice is extremely valuable for examining the clinical variables that drive the increase in
CT usage. This data is imperative because of the recent clinical advancement in technology of
extreme multi slice (128+ slices) CT scanners, which will lead to further increase in the usage of
CT scans due to the supplemental clinical applications.

CT has been a huge asset to the healthcare fraternity. However, the capital investment and cost of
maintenance are high, and there has been no orderly program of dispersion despite the profound
interest of the regulatory agencies in cost containment.42

In 1967, Sir Godfrey Hounsfield invented the first CT machine at EMI Central Research
Laboratory.43 CT machine is also available as a PET-CT which was introduced in 199844.
Importance of the CT machine becomes evident when it's diagnostic efficiency as compared to
other diagnostic modalities.45 Because of this, the Indian CT market stands at approx. 203 million
dollars.46
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Medical equipment is defined as the medical devices that require calibration, maintenance, repair,
user training, and decommissioning − activities usually managed by clinical engineers.47 This
thesis’s primary medical equipment is the Computed Tomography machine. A medical equipment is
used for the specific purposes of diagnosis and treatment of disease or rehabilitation following
disease or injury; it can also be used either alone or in combination with any accessory, consumable,
or other piece of medical equipment. Medical equipment excludes implantable, disposable or
single-use medical devices. 47

One of WHO’s strategic objectives is to “ensure improved access, quality and use of medical
products and technologies.''47 This objective, along with the resolution of the World Health
Assembly, constituted the basis for the commencement of the Global Initiative on Health
Technologies (GIHT), which includes funding from, and not limited to, the Bill & Melinda Gates
Foundation. GIHT’s primary goal is to make core health technologies obtainable at a feasible cost,
especially to the communities & groups in resource constrained areas, to efficiently tackle
imperative health issues.

It has two specific objectives:

➢ To promote in the international community to constitute a design for the advancement of
national essential health technology programmes that will have a beneficial result on
reducing the burden of diseases and to ensure efficient usage of resources.

➢ To promote in the business and scientific communities to earmark and create innovative
technologies that have a positive outcome on public health.

For this, WHO and its partners have devised an agenda, i.e., an action plan, along with tools and
guidelines that can increase accessibility to the relevant medical devices. The prepared document is
a subset of reference documents that are being developed for use at a national stage.47

“The series will include the following subject areas:

➢ policy framework for health technology
➢ medical device regulations
➢ health technology assessment
➢ health technology management › needs assessment of medical devices › medical device

procurement › medical equipment donations › medical equipment inventory management ›
medical equipment maintenance › computerized maintenance management systems

➢ medical device data › medical device nomenclature › medical devices by health-care setting
› medical devices by clinical procedures

➢ medical device innovation, research and development. WHO Medical device technical
series 3 These documents are intended for use by biomedical engineers, health managers,
donors, nongovernmental organizations and academic institutions involved in health
technology at the district, national, regional or global levels.”47

The following flow chart shows the sequence used to do a need assessment for a device:
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Fig- 2: Need Assessment Flowchart for a Medical Equipment (Source: WHO)
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The parameters used in the process flow above are further explained:

Fig.-3-7: Geographical, Service, Device, Human Resources and Financial
Considerations for a Need Assessment for a Medical Device (Source: WHO)
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For the need assessment conducted in this thesis for an additional CT machine, the aforementioned
relevant questions and information was sought from the shareholders as discussed in the
“Observation” section.

The evolution of new technology starts with establishing technical & diagnostic efficiency of it.
Cost effectiveness can be derived from the cost effective analysis which can be used to compare the
efficiency of different health programs & diagnostic modalities although such comparisons should
be made cautiously because of uncertainties associated with many estimates of cost and
effectiveness.48

As per Dr. Shakti Kumar Gupta49, before installation of any machine or equipment into the hospital,
various key factors have to be taken into consideration:
➢ Emerging changes in technology
➢ Socio-economic profile of the community it (equipment/machine) is serving
➢ Existing medical facilities with the same or higher technology in the area
➢ Health profile of the region: What diseases or illness will the machine be able to identify;

the rule here is that the machine should be able to diagnose a vast spectrum of diseases that
will justify its need at a community level.

➢ Local regulations: The governing bodies have different policies/guidelines/rules when it
comes to the commissioning, licensing, planning and setting up of a machine which will be
identified in this thesis paper.

➢ Feasibility: As it pertains to the CT machine, the machine procured has to be
technologically adept at being competitive with the local competitors while also not causing
a big burn to the hospital’s pockets; hence the feasibility, both at a community level and a
financial level has to be considered.

➢ Choice of technology

As per a study conducted on Positron Emission Tomography (PET) Computed Tomography, which
states that, “Changes in regulations and improvements in reimbursement have propelled positron
emission tomography (PET) into clinical use, making it increasingly important to understand the
costs of this emerging service. Cost analyses are important tools to do this. Data published
previously on these topics reflect assumptions that are no longer valid. The aim of this study was to
determine the cost of developing and operating a PET facility and to evaluate whether a regional
cyclotron serving several scanners reduces costs. Financial data were collected on capital expense
and global operating costs through interviews with industry experts, evaluation of prior studies, and
review of expenses incurred at the University of Southern California PET center.”50 As stressed by
the statement above, the technological obsolescence of an equipment plays is an on par major factor
along with the financial feasibility when the hospital plans on procuring an equipment. The
technological specifications is a factor that falls under the blanket term of “need assessment” which
takes into consideration factors like Taking the existing machine (with depreciation and technical
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factors taken into consideration) as the test machine for analysis, the following factors were
considered for need assessment:

➢ Patient flow
➢ Catchment area (Number of radiology diagnostics in the region; Hospitals with CT machine

in the region)
➢ Serving Population
➢ Potential benefits
➢ Location and future expansion
➢ Number of investigations
➢ Number of Appointments given
➢ Manpower
➢ Time taken for investigation
➢ Type of Investigation
➢ Cost of Investigation
➢ Cost of machine
➢ AMC/CMC
➢ Depreciation cost
➢ Lifespan of machine

Financial feasibility analysis evaluates the financial condition and operating performance of the
investment and forecasts its future condition and performance51 To stress the financial implications
of deciding on purchasing expensive equipment such as a CT machine and MRI machine, a study
conducted in Iran states that, “Most countries have been buckling under the steeply rising health
expenditures. Several reasons seem to be of great importance such as technological advances,
population aging, excessive health insurance coverage, and economic fluctuations. In a competitive
market and increasing budget deficits of governments, health service organizations are exposed to
the challenge of cost containment strategies in general and measuring their costs in particular.
Considering the unpredictable nature of demand for health services, and ethical criticism relating to
profit maximization policies, cost containment seems to be an inevitable component of health-care
management strategies.”52

Financial feasibility at its most basic core, consists of calculations of Capital Expenditure,
Operational Expenditure and a Profit and Loss Statement.

Capital expenditure or capital expense (capex or CAPEX) is the money an organization or
corporate entity spends to buy, maintain, or improve its fixed assets, such as buildings, vehicles,
equipment, or land.53 It is called a capital expenditure when the asset is newly purchased or when
money is used towards extending the useful life of an existing asset, such as repairing the roof.53

An operating expense, operating expenditure, operational expense, operational expenditure or
OPEX is an ongoing cost for running a product, business, or system .54
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An income statement or profit and loss account (also referred to as a profit and loss statement
(P&L), statement of profit or loss, revenue statement, statement of financial performance,
earnings statement, statement of earnings, operating statement, or statement of operations)55 is
one of the financial statements of a company that can be used to show the company's revenues and
expenses during a particular period.55

It indicates the revenues (also known as the “top line”) are converted into the net income or net
profit (which is the result after all revenues and expenses are accounted for). The purpose of the
income statement is to show managers and investors whether the company made money (profit) or
lost money (loss) during the period being reported.

An example of a Profit and Loss Statement is: (In Rs. )

Total Revenue 1,000,000

Less Cost of Goods Sold 378,700

Gross Profit 621,300

Gross Profit Margin 62.13%

Less Expenses

Accounting/Legal Fees 15,500

Advertising/Marketing 27,000

Depreciation 14,000

Utility Bills 4,200

Insurance 20,200

Interest/Finance Fees 16,800

Rent for Offices 78,700

Repairs/Maintenance 15,400

Wages/Salaries/Benefits 201,500

Other Expenses 8,200

Total Expenses 401,500

Net Profit 219,800
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Net Profit Margin 21.98%

Table 4: Profit and Loss Statement (Example)

Break even analysis56

CVP (Cost Volume Profit) analysis derives from the simple concept of calculating profit. Profit is
the difference between total revenue (total revenue) and total costs (total cost). In the break-even
condition, profit is taken as zero, then:

Profit = Total Revenue - Total Cost
Profit = (Price x Quantity) - Variable Cost - Fixed Cost
Profit = (P x Q) - (VC x Q) - FC

In the break-even condition, profit equals zero, then:
Profit = (P x Q) - (vc x Q) - FC = 0
(P - vc) Q = FC
Q = FC/(P-VC)

Note:
P = Price
Q: Quantity
vc = Variable cost per unit
FC = Fixed cost

Return on Investment57

Return on investment (ROI) is the ratio between net income (over a period) and investment (i.e.,
costs accumulated of an investment at the point of time of calculation). A high ROI means the
investment's gains compare favorably to its cost. As a performance measure, ROI is used to
evaluate the efficiency of an investment or to compare the efficiencies of several different
investments.

The basic formula for ROI is:

(Gain from Investment - Cost of Investment)/ Cost of Investment

Net Present Value (NPV)58

Net Present Value applies to a series of cash flows occurring at different times. The present value of
a cash flow depends on the interval of time between now and the cash flow. It also depends on the
discount rate. NPV accounts for the time value of money. It provides a method for evaluating and
comparing capital projects or financial products with cash flows spread over time, as in loans,
investments, payouts from insurance contracts plus many other applications.
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NPV is calculated as: Cash Flown / (1 +i)n

(where n is the duration of future cash flows; i is the discount/interest rate)

Internal rate of return (IRR)59

Internal Rate of Return is a method of calculating an investment’s rate of return. The term internal
refers to the fact that the calculation excludes external factors, such as the risk-free rate, inflation,
the cost of capital, or financial risk.

IRR is calculated exactly the same as Net Present Value(NPV), but it sets the NPV as zero.

Profitability Index (PI)60

Profitability index (PI), also known as profit investment ratio (PIR) and value investment ratio
(VIR), is the ratio of payoff to investment of a proposed project. It is a useful tool for ranking
projects because it allows you to quantify the amount of value created per unit of investment. Under
capital rationing, PI method is suitable because PI method indicates relative figure i.e. ratio instead
of absolute figure.

The ratio is calculated as follows:

Profitability index = Present value of future cash flows / Initial investment60

Or

PI = [ CF1 × (1 + r) -1 + CF2 × (1 + r) -2 + . . . + CFn × (1 + r) -n ] / CF0

Payback Period61

Payback period in capital budgeting refers to the time required to recoup the funds expended in an
investment, or to reach the break-even point.

For example, a $1000 investment made at the start of year 1 which returned $500 at the end of year
1 and year 2 respectively would have a two-year payback period. Payback period is usually
expressed in years.

Payback period = Costs of the project(investment) / Annual cash inflows

It has been proven that although technological adoption in the healthcare industry results in an
initial increase in costs, it also improves the quality of the diagnostic procedures, monitoring and
data keeping of the procedures is easier and more advanced 62.

Also as noted in a study conducted in a teaching hospital in Karnataka “Feasibility analysis is a
critical step in the decision-making process. Several aspects must be considered to decide if the
investment should be realized or not. Most investments are not realized if they are found to not
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generate profit for the institution. Financial feasibility analysis evaluates the financial condition and
operating performance of the investment and forecasts its future condition and performance.
Furthermore, this will be of enormous value to those planning to deliver quality healthcare in
restricted resources and could even relieve the constantly-increasing healthcare expenditure.” 63

Another important aspect is the available choices, which with time have evolved and accentuated,
with varied companies and models available; along with this, the high cost of the equipment leads
to the scans also carrying a high cost which has a negative implication on the healthcare
expenditure, as stated “Imaging equipment is extremely intricate, and choices in equipment are
broad. Advances in imaging technology have increased its diagnostic and treatment ability for a
variety of diseases, ultimately improving the quality of healthcare. Modern technology has also
impacted healthcare expenditure, largely because high-tech imaging equipment is costly. Increasing
the use of imaging equipment is a challenge for low-and middle-income countries; another issue is
efficient utilization, which is crucial for countries with a limited budget. The utilization of CT and
MRI should be considered carefully because of the high costs involved; they should not be
recommended as the first approach in detecting diseases without neurological deficits, such as bone
fractures and lower back pain, that other imaging technologies such as X-rays and ultrasound can
easily detect.”64

The investigator read through multiple studies to understand the available techniques to conduct a
feasibility assessment to give an accurate result on the cost implications of buying a CT machine. In
view of this, the following process was undertaken to conduct the study:
Taking the existing machine (with depreciation and technical factors taken into consideration) for
analysis, the following calculations were conducted using the following parameters:

➢ Revenue
➢ Cost of machine
➢ Number of investigations
➢ Capital Expenditure
➢ Operational Expenditure
➢ Profit and Loss Statement
➢ Net Present Value
➢ Internal Rate of Return
➢ Profitability Index
➢ Payback Period (Simple and Discounted)
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METHODOLOGY

The time period of the study was 1st November, 2020 to 14th February, 2023.

➢ The existing CT facility was observed with respect to infrastructure like layout, equipment,
statutory compliances and auxiliary requirements.

➢ Staffing of the existing facility was observed by reviewing the employment records, duty
hours & staffing pattern.

➢ The Workflow of the existing CT machine was observed using a time motion study.
➢ The Workload of the CT department was noted using perusal of records.
➢ The Workload was further studied by reviewing the secondary data; from 1st January, 2016

to 31st December, 2022 for number of cases & from 1st January 2021 to 31st December
2022 for type of cases.

➢ Need assessment was done looking into the existing workload as compared to the internal
potential which was used to predict the future potential. For this, 6 year data of the OPD
number, IPD number, no. of scans was taken.

➢ Need assessment was also done by conducting focused non structured interviews with
stakeholders from the user & referring departments of the CT dependent units.

➢ Operational feasibility for an additional CT machine was studied by assessing the catchment
area, available space, infrastructure, availability of radiologists and other manpower

➢ Financial feasibility for an additional CT machine was studied by evaluating Capital
expenditure, Operational expenditure, profit and loss statement, break even analysis, Return
on Investment along with Net Present Value, Internal Rate of Return, Payback period &
Profitability Index.

Study Design: It is a non-interventional, descriptive study.

Study Participants:

i. Inclusion Criteria: CT Department of Radiodiagnosis & staff from the referral departments.

ii. Exclusion Criteria: Departments not related to the CT department. For the need assessment, only
the internal potential was assessed and the external potential/assessment was excluded

Sampling:

It is a comprehensive study on a CT machine; its user and referral departments. Hence,

sampling is not applicable. However, secondary data will be reviewed between the period of

2016 to 2022.

Study Procedure: Observational, non-interventional descriptive study along with analytical
inferences for the need assessment & feasibility report.
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OBSERVATION

1. CT DEPARTMENT

1.1. Overview of Radiology Department

The radiology department is divided into two regions that have doors parallel to each other for
entry:

1. CT and MRI departments, consisting of the machines along with its reception, billing,
console rooms, preparation rooms and reporting rooms. (waiting area)

2. USG and X-Ray department, consisting of 4 USG machines, 5 X-Ray machines, along with
its reception, billing, console rooms, preparation rooms and reporting rooms.

.
1.2.  Location

The CT department is located on the ground floor, with access from the back door directly into the
radiology department with ramp and provision for stretchers for loading and unloading of patients
from ambulances. The CT department is in close proximity to the Emergency Medicine department;
for prompt shifting of critical & ambulatory patients on an emergency basis. A lift/elevator is
strategically situated right next to the department for shifting of patients from the Operation theater
and ICUs. The department is also well connected to other areas like the OPD, sample collection etc.
in the hospital. The department is at a distance of 173 m from the main gate of the hospital.
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Fig.-8: Location of CT department in respect to the other areas of the hospital

Legends: 1. Road for entry into ambulance bay. 2. Entrance for entry/exit of patients from ambulance into the CT department. 3.
Elevator/Lift for transport of patients from OT and ICU 4. Easy accessibility of Emergency Medicine department/Casualty to CT
department 5. Connection of CT department to other facilities in the hospital 6. MRI department

*Layout and Legends for the CT department are mentioned in detail in the Layout section
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1.3. Infrastructure
The Infrastructure of the CT department, as approved by AERB, is as follows

Total area of the CT department: 1,349 sq. ft.

S No. CT Department area Area Size (in Square Feet)

1 Reception and Billing Counter 60

2 Waiting Area 196

3 (Trolley Bay) 224

4 Preparation/Changing Room 64

5 Gantry/Scan Room 260

6 Console Room 78

7 Reporting Room 156

8 Circulation Area 311 (30% of 1,038 sq ft.)

Total Area 1,349

Table 5: Area specification of the CT department

The CT Gantry/Scan room consisted of the Gantry, IRS (Image Reconstruction System), Power
Distribution Cabinet, Crash Cart & Lead Aprons.

The CT Console room has a lead glass to view the gantry room, measuring: 4 ft x 5 ft and a
thickness of 90 mm.
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1.4. Layout

Fig.-9: Layout of the CT department

Legends:

1. Reception/Billing 2. Waiting Area 3. Patient Trolley Bay 4. Preparation Room/Changing
Room 5. CT Console Room 6. CT machine with gantry 7. Power Distribution Cabinet 8.
Crash Cart 9. Lead Apron Station (Patient Attenders’ Area) 10. Technician’s Station with
Image Reconstruction System 11. Radiologist Reporting Room 12. Washroom
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Fig.-10: AERB Approved Layout of the CT Gantry Room and Console Room

Fig.-11: UPS back up room

The additional room for the UPS back up is situated behind the CT gantry room, with access from
outside the CT department for easier accessibility for the maintenance department.
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1.5. CT Machine

The AERB license is under the owner’s name for a duration of 5 years which gets renewed every 5
yearly by the AERB inspectors. The checklist involved at providing the license consists of area,
layout, statutory requirements as already enlisted along with the manpower and the safety measures
undertaken by the department to protect the staff and patients from the adverse effects of the
radiation. The radiation protection guidelines include the layout of the console room which has to
be lead coated (a minimum of 0.5 mm) within the walls, along with the viewing window, consisting
of a transparent, strong lead glass that measures 4 x 5 ft, and a thickness of 90 mm and a lead apron
that should be available in the console room that has to be worn by the attender during the scan in
case of a non-cooperating patient. The harmful effects of the scan have to be told to the patient by
the radiologist before the scan.

The statutory requirements as per AERB are also provided by the Vendors so as to make it easier
and make the vision of the two parties involved more synergistic.

The equipment and other consumables, along with the process of the CT scan are:

The Gantry which consists of an X-Ray detector, tube, and the patient position table.

The CT machine is 128 Slices: This helps the machine to get “larger” (sic) coverage of region under
inspection, It contains 2 X-Ray tubes which undergo continuous rotation which covers a larger area
at a reduced time: Hence, it is helpful for dealing with non-co-operative patients as the investigation
requires a “single breath hold”. Breath holds are required when a contrast image requires the patient
to hold breath (not inhale or exhale) so that the technician can capture the desired images that will
be more clinically relevant to the radiologist.

The operating mechanism of Power Distribution Cabinet and IRS is that the photons come into the
coverage of the detector, which fluctuates the intensity of the current -> Current is converted into
Voltage -> Which in in Analogue Form -> Here, the un-required spikes are removed -> Converted
to Digital form -> This digital format is fed to the IRS which improves the resolution of the image
(Software with pre-defined information relevant to the type of CT study and clinical relevance)

The console room consists of a Computer, keyboard, mouse, CPU, along with the sitting
arrangement for the Radiologist and technician. The room also consisted of facilities to
communicate with the patient to “hold breath” or change positions as required for the scan. The
PACS as already mentioned above, was on the system and was integrated with the hospital’s HIS.
The other equipment consisted of the injector’s controller that would be used to inject the contrast,
along with Normal Saline to the patient from the Console Room. The commands required to set the
type of scan were integrated within the machine’s software that was available on the Computer’s
system.
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Another important aspect is the IRS and the software (IRS and computer) which applied the factors
required to generate a clinically relevant image by removing spikes and re-configuring windows
(Windows: Each image seen as a 2D image; “snapshot”).

The CT machine is an axial machine which takes images in the coronal and sagittal plane; the two
are fused to create a 3D layout using multi-planar reconstruction (IRS), which takes the thin slices
and gives a 3 Dimensional output. It consists of a “Detector”: The detectors are of two types:
Scintillation and Gas filled.

Scintillation: Scintillation is the physical process where a material, called scintillator, emits UV or
visible light under excitation from high energy photons or energetic particles. Scintillation consists
of Sodium Iodide, Bismuth Oxide and Caesium Iodide. Gas Field detector consists of Xenon and
Gypsum gas. Scintillator detector has an accuracy of 95%; while Gas field detector has an accuracy
of 55% (The parent hospital’s detector was scintillation).

The platform (software) gives a panoramic view of the area under investigation; along with the
depth and volume of the tumors. Thin slice CT scans can also be used for Bronchoscopy,
Colonoscopy. Shielding of the Console room consists of 0.5 mm thickness Lead sheathing with
wall mounted polyvinyl. The viewing window of the Console room measured 4 x 5 ft.

For the contrast CT scans:

Barium-sulfate is the most common contrast material taken by mouth, or orally. It is also used
rectally and is available in several forms, including:

➢ powder, which is mixed with water before administration
➢ liquid
➢ paste
➢ tablet

When iodine-based and barium-sulfate contrast materials are present in a specific area of the body,
they block or limit the ability of x-rays to pass through. As a result, blood vessels, organs and other
body tissue that temporarily contain the iodine-based or barium compounds change their
appearance on x-ray or CT images.65

In the parent hospital, Iohexol was used as the dye for contrast. It was fixed into the injector in one
tube, and in the other tube Normal Saline was added. As desired, depending on the type of
investigation, the injector (which was controlled from the Console Room) was used to inject the
dye/contrast into the patient, via intravenous route. Barium swallow/enema was also done when
required but the route was oral/rectal and not intravenous.
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Fig.-12:  Contrast injector with Normal Saline & Contrast

The dye is infused with normal saline, with the ratio varying for different investigations (eg: for CT
Abdomen: Dye: 3.5 ml/s - 60 ml - at 17.3 psi, NS: 3.5 ml/s - 20 ml - 5.7 psi; Brain Angiography:
Dye: 5 ml/s, 60 ml, NS: 3 ml/s, 30 ml). The example used consists of other factors like the patients’
weight and other parameters and is just used here as an example as calculated by the Radiologist
and the technician. A nursing attender with the crash cart is available round the clock at the scan
room for any adverse reactions. The CT department is also in close proximity to the Emergency
Medicine department/Casualty.

The Generator capacity is 80kW while the power requirement is 125 kVA.

As quoted by the manufacturer/vendor, the following specifications were given:

Rotation Time: 0.33 seconds per rotation

Spatial Resolution: 0.33 mm

Temporal Resolution: 83 ms

Other general details are:
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Minimum scan time (sec) 0.3

Dose reduction technology Yes

X-ray tube capacity (MHU) 50

X-ray tube voltage (kV) 70-140

Number of slices 128

Voltage, V 220-480

Maximum patient weight (kg) 307

Gantry aperture (mm) 780

Table 6: Specifications of the CT machine

The last Quality check (by a 3rd party, to remove bias), of the machine was done on 12th
December, 2021. The various parameters accessed are:

➢ Details of the Radiation Protection survey of the installation.
➢ Radiation leakage levels from X Ray tube housings at 1 M from the focus
➢ Check on resolution
➢ Measurement of CT dose index
➢ Output consistency
➢ Measurement of mAs Linearity
➢ Accuracy of timer
➢ Accuracy of operating potential
➢ Radiation profile width/Slice thickness

Last issuance date for the Operation License was July, 2018 which will be valid for 5 years (Till
July, 2023).

The Stand by time of the CT machine in a day is 20 minutes; divided as 5 minutes for restarting the
machine and 15 minutes for the daily check up which is done at 8:00 AM in the morning everyday.
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Fig.-13: Reception and Billing Counter Fig.-14: Waiting Area

Fig.-15: Preparation & Doctor’s Reporting Room Fig.-16:Corridor into CT Gantry Room

Fig.-17: CT Gantry Room Fig.-18: CT Console Room
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Fig.- 19: AERB approval (Left) and Form B of PCPNDT Act approval (Right) in the Gantry
Room of the Study hospital

The study hospital consisted of an outsourced vendor that was providing its services for PACS,
which was also integrated to the hospital’s Hospital Information System (HIS). The importance of
PACS cannot be understated as it forms the bridge between the machine and the radiologist. The
radiologist can report on only what she/he can see. The images generated have to be of a clear
resolution and consist of the information required for the radiologist to report relevant information
about the case that will help the clinician to diagnose and treat the patient.

Fig.-20:  HIS with provision for Reports linked to PACS

The reports prepared by the parent hospital were converted in hard copy format and the file
prepared consisted of the hard copy (paper) report along with a CD that contains the images that can

56



be used for viewing by the patients’/attenders’ or for a second opinion which is every patient’s
right.66

1.6. Staffing

➢ Faculty Radiologists (Senior Consultant)
➢ Post Graduate Radiologists (Junior Consultant)
➢ Technicians
➢ Nurse
➢ Office Assistant
➢ CT Attender

The numbers and timings for the CT department are as shown in table:

S No. Designation Number Timings

8:30 AM -
5:00 PM

12:00
PM-8:30
PM

5:00
PM-8:30
PM

8:30 PM-
8:30 AM

1
Faculty/Senior
Consultant 3 2 - 1*

2
Post Graduate/Junior
Consultant 3 2 - 1*

3 Technician 3 1 1 1

4 Nurse 2 1 1 -**

5 Office Assistant 1 1 -***

6 Attender 3 1 1 1

Total 15 8 3 5 4

*5:00 PM-8:30 PM, 8:30 PM-8:30 AM: Consultants are on duty for all modalities
of Radiology
**: Nurse from the referral department comes along with the patient.

Table 7: Staffing of the CT department with timings
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1.7. Workflow

The  workflow at Radiology department was as shown below in figure:

e.
Scan is reported by the Radiology Consultant.

Fig.-21: CT department Workflow for OPD, ward, ICU and EMD patients

There is an appointment system for receiving requests which were taken by the office assistant and
forwarded to the Radiologist. The appointment system was set up to manage the workload of scans
that had to be performed.

The requisition and appointment system of the OPD and IPD patients is as follows:
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For OPD: The yellow colored requisition form (MRF Number: 98) that is exclusively used for CT
scan (Fig.-22) is filled with the necessary investigation (plain/contrast, body area etc.) and the
patient or the patient attender comes to the Billing and Registration counter. Depending on
availability, the patient is either sent for preparation and the scan is done or the patient is given a
future date on the basis of availablity. The office assistant writes the future date (appointment) on
the yellow requisition form and the form is returned to the patient to come back on the day of
appointment and the other necessary instructions (like nil per oral, creatinine levels, etc. for
contrast scan) are told to the patient. The patient comes back with the requisition form on the day of
investigation, the form is received by the office assistant, billed on the day of investigation and filed
for recording.

Fig.-22: CT scan Requisition form (MRF: 98)

For IPD: The yellow requisition form (MRF Number: 98) that is exclusively used for CT scan
(Fig.-17) is filled with the necessary investigation by the Consultant/Post Graduate in the Ward/ICU
& the Nurse sends the requisition form to the CT department by the patient attenders/visitors. The
patients’ attenders are intimated regarding the cost of the procedure and the other necessary
instructions (like Creatinine levels, Nil per Oral etc.) and depending on availability, the office
assistant (or technician at night) informs the nurse in the Ward/ICU to either prepare and send the
patient for the scan (if the slot is available on that day) or a future date is given on the basis of
availablity. The requisition form is sent back with the patient attenders and the attendees are asked
to come back with the form on the day of scan. Billing is done on the day of scan with the cost of
scan and the contrast used, and filed for record purposes.
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Fig.-23: Patient’s flow in the CT department

Patient’s flow from entry to the CT machine for investigation

Patient’s flow from the CT machine to the outside after the investigation.

Legends:

1. Reception/Billing 2. Waiting Area 3. Patient Trolley Bay 4. Preparation Room/Changing
Room 5. CT Console Room 6. CT machine with gantry 7. Power Distribution Cabinet 8.
Crash Cart 9. Lead Apron Station (Patient Attenders’ Area) 10. Technician’s Station with
Image Reconstruction System 11. Radiologist Reporting Room 12. Washroom

Appointment System

The routine Appointment System for the CT scans was as follows: (This excludes the Emergency
cases that would be taken as required/on arrival from Casualty/ICU):

8:30- 1:00 PM: For contrast: 4 In-Patients + 4 Out-Patients (Excluding Emergency cases)

1:00 PM - 2:00 PM : Plain CT scans: (Average of 10-12 plain investigations in this time slot)

2:00 PM - 5:00 PM: Contrast :  5 In-Patients (Excluding emergency cases)

Post 5:00 PM: No appointment system (The Radiologist would take calls from various departments
and co-ordinate)
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The preparation of patients is a tedious and time consuming task that takes a lot of time sometimes
due to miscommunication between the nursing staff in the wards/ICU and the technicians and office
assistants in the CT department. The overall common instructions for a patient to undergo contrast
CT scan are as follows:

➢ Patient should be fasting for 4 to 6 hours
➢ Blood urea and creatinine levels to be normal. ( For adult men, 0.74 to 1.35 mg/dL (65.4 to

119.3 micromoles/L) For adult women, 0.59 to 1.04 mg/dL (52.2 to 91.9 micromoles/L)67

These differ for a patient undergoing contrast investigation; thus, for the ease of explaining to the
patient, medication and consumables for contrast scans were enlisted on a paper that is given to the
patients for ease of preparation.

Time Motion Study of the Workflow

To get a comprehensive understanding of the workflow of the CT department, a time motion study
was conducted over a span of 7 days (including Sunday), during which 34 cases were observed
using a stopwatch that timed the patient’s entry into the CT waiting area, the shifting of the patient
from the CT waiting room to the Gantry room, the time patient spent on the CT table, the time
taken to shift the patient from the CT table to the waiting room and the time between the entry of
the next patient (Wheel out-wheel in time). Wheel out-Wheel in time was also noted because the
scans had different modalities and target regions that took various time and an average of that time
will not give any relevant information that can make us understand the average time per scan. The
real variable that (as observed) is controllable and can be improved was the time it took to prepare
the patient (for contrast) and the time between the entry of the next patient for the scan. This
showed scope for improving the Appointment system and better coordination between the
Wards/ICU and the CT department. Another observation was the lack of Office assistants at night to
give appointments which leads to a reduction in the number of scans that are done at night; which
are limited to only emergency scans (from the Emergency Medicine department.).

The following table shows the time motion study for the Contrast scans: (Time measured in
minutes and seconds)

61



Table: 8 Time Motion Study of Contrast Scans

S No.
Type of
Investigation

Appointment
/Emergency

Patient's
Entry into CT
Dept./Waiting
Area

Time taken
to shift
patient to
CT Table

Time
Patient
was on CT
Table

Time taken to
shift patient from
the CT table to
the Waiting Area

Wheel
In-Wheel
Out Time

Entry of Next
Patient into CT
gantry room(Wheel
Out-Wheel in
Time) Reason for Outliers

1
CT Coronary
Angiography Appointment 0:00 8:56 18:56 2:04 29:56 21:44

Pts. entry delayed from
Ward/Casualty
(Personally intervened)

2 Chest Emergency 0:00 7:28 7:23 3:22 18:13 1:12

3
Chest and
Abdomen Emergency 0:00 16:04 9:56 2:56 28:56 5:21

Preparation of pt. for
contrast sometimes takes
more time (Physiological)

4 Pelvis Appointment 0:00 3:29 13:27 0:55 17:51 4:21

5
Chest/Abdom
en/Pelvis Appointment 0:00 19:11 16:32 2:47 38:30 2:28

Preparation of pt. for
contrast sometimes takes
more time (Physiological)

6 Pan- CT Appointment 0:00 2:45 21:26 6:18 30:29 0:40
CT attender was not
available.

7 Face Appointment 0:00 3:15 5:45 1:37 10:37 1:09

8
HRCT +
Abdomen Emergency 0:00 3:00 6:20 1:56 11:16 1:56

9
Abdomen/Pel
vis Appointment 0:00 10:38 11:40 2:01 24:19 1:36
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10
Abdomen/Pel
vis Appointment 0:00 3:02 9:48 3:24 16:14 1:44

11
Abdomen +
Pelvis Appointment 0:00 9:54 6:20 2:31 18:45 8:03

12
Abdomen +
Pelvis Appointment 0:00 3:16 6:37 1:56 11:49 7:49

13
Abdomen +
Pelvis Emergency 0:00 20:31 5:28 2:15 28:14 7:16

Delay in shifting of
patient from EMD.

14
Abdomen +
Pelvis Appointment 0:00 10:58 10:33 1:43 23:14 1:55

15 Face Emergency 0:00 5:05 10:52 1:38 17:35 3:58

Average Time 8:30 10:44 2:29 21:43 4:44

Max 20:31 21:26 6:18 38:30 21:44

Min 2:45 5:28 0:55 10:37 0:40

Common
Observat
ion

History taking of patients (Contrast) is done
by the Junior PGs in the waiting area
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The number of cases observed for contrast scans is 15. Out of these, 10 are appointment cases from
the wards and ICUs. 5 are emergency cases that had come from the Emergency Medicine
department. Out of these, the average time taken to shift the patient from the Waiting area to the CT
gantry room is 8:30 minutes. This time consisted of preparing the patient in the preparation room
depending on the type of scan. Sometimes, the patient was sent prepared with the necessary
directions for contrast as already mentioned under but the patient’s singular factors like age,
physiology etc. would delay the time it took for the contrast like barium to be taken up for the
visualization of the desired body part. The average time the patient was on the table is 10:44
minutes. This consisted of the IV contrast (if necessary) which was given on the table and the scan
that followed. The average time taken to shift the patient after the scan from the CT table to the
Waiting area/outside the CT dept. is 2:29 minutes. The average Wheel in Wheel out time of
Contrast Cases is 21:43 minutes. The average time taken for the entry of the next patient into the
CT gantry room (Wheel out-Wheel-in time) is 4:44 minutes.

The following table shows the time motion study done for plain scans for CT: (Time measured in
minutes & seconds)
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Table 9: Time Motion Study of Plain Scans

S No.
Type of
Investigation

Appointment/
Emergency

Patient's Entry
into CT
Dept./Waiting
Area

Time taken to
shift patient to
CT Table

Time Patient
was on the
CT Table

Patient Shifted
from the CT table
to the Waiting
area

Wheel
In-Wheel
Out Time

Entry of Next
Patient into the
CT gantry
room

Reason for
Outliers

1 Facial Cuts Emergency 0:00 0:45 2:24 0:32 3:41 3:42

2 Chest Appointment 0:00 1:56 1:03 3:02 6:01 0:50

3 Brain Appointment 0:00 1:16 1:21 0:57 3:34 3:27

4 PNS Emergency 0:00 1:13 2:28 0:36 4:17 0:27

5 Chest Emergency 0:00 1:16 4:20 0:28 6:04 0:07

6 Chest Emergency 0:00 1:03 2:56 0:55 4:54 1:14

7 KUB Appointment 0:00 4:25 2:44 3:44 10:53 2:30

8 KUB Appointment 0:00 2:28 1:01 1:38 5:07 2:23

9 KUB Appointment 0:00 2:35 3:02 1:39 7:06 0:32

10 Brain Appointment 0:00 2:53 1:16 1:54 6:03 3:23

11 Chest Appointment 0:00 3:56 2:57 2:26 9:19 0:53

12 Brain Appointment 0:00 6:41 1:35 1:24 9:40 0:28

Departmental
work for
technician

13 Brain + Chest Appointment 0:00 3:01 5:50 2:34 11:25 1:02 Multiple scans

14 Face Cuts Emergency 0:00 3:31 2:14 0:40 6:25 0:53

15 Chest Appointment 0:00 3:14 2:00 3:28 8:42 3:51

16 Brain Appointment 0:00 2:21 1:28 0:32 4:21 1:04
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17 Brain Appointment 0:00 3:16 3:23 3:21 10:00 5:12

18 Brain Appointment 0:00 6:31 1:19 2:28 10:18 4:32

Non
availability of
attender for
instructions.

19 KUB Appointment 0:00 4:57 1:09 0:29 6:35 13:44
Next scan was
contrast

Average Time 3:00 2:20 1:43 7:04 2:38

Max 6:41 5:50 3:44 11:25 13:44

Min 0:45 1:01 0:28 3:24 0:07

Common
Observat
ion

History taking of patients (Contrast) is done
by the Junior PGs in the waiting area
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The number of plain cases shown in the template table above are 19. Out of these, 14 were
appointment cases and 5 were emergencies. The average time taken to shift the patient from the CT
waiting area to the CT gantry table is 3:00 minutes. The average time for the plain scans, i.e, the
time the patient was on the table is 2:20 minutes. . The average time taken for the patient to shift
from the CT table to the Waiting area/out of the CT department is 1:43 minutes. The average
Wheel-In-Wheel-Out time for plain cases is 7:04 minutes. The average time taken to shift the
next patient into the CT gantry room (Wheel-Out-Wheel-In time) is 2:38 minutes.

The aforementioned tables were divided into two on the basis of the types of scans for the ease of
understanding and to get the average times for various time stamps. During the observation, the
emergency cases were accommodated as required in between the appointment cases; ie., the
contrast and plain cases were intermixed.

1.8. Workload
The following are the statistics for the CT scans done from the years 2016 to 2022:

Number of CT scans done along with the Out Patients and In Patients for each year is as follows:

S No. Year OP
IP
(Admissions)

CT
Scans

% Increase in Scans
(As compared to
previous year)

Percentage of
Scans to OP

1 2016 448681 47502 10733 - 2.39%

2 2017 478798 51893 12845 16.44% 2.68%

3 2018 515232 53391 14220 9.67% 2.76%

4 2019 553235 60310 16267 12.58% 2.94%

5 2020 353676 43309 15924 -2.15% 4.50%

6 2021 353724 42864 19967 20.25% 5.64%

7 2022 466753 48706 18556 -7.60% 3.98%

Table 10: Statistics of OP, IP, CT scans in the years 2016-2022

The average increase in the number of scans from 2016 to 2022 has been 8.1 %. The number of
Outpatients that are referred for CT scans has increased; where it was 2.39% in 2016 and 5.64% &
3.98% in 2021 & 2022 respectively. Overall, the percentage increase of Our-patients' CT scans is
3%. The OPD:IPD ratio for CT scans is 1:4 (ie., for an average of 60 scans in a day, 12 are OPD
patients and 48 are IPD patients.) The ratio of Plain cases to Contrast cases in a day is 15:45.
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Fig.-24: Bar Graph showing OP. IP & CT scans from 2016-2022

S. No. Type of Scan
Number of scans in
2021

Number of Scans in
2022

Total Scans
(2021-2022)

1 Brain 4110 4241 7523

2 PNS 873 768 1516

3 Abdomen 3592 3911 6796

4 Pelvis 3437 3687 6441

5 Chest / Thorax 5150 3005 7614

6 Face 1195 1127 2116

7 Musculoskeletal 193 281 437

8 Spine 436 582 915

9 Neck 237 209 409

10 Orbits 18 13 29

Special Investigations*

11 CT Scanogram 0 0 0

12 Coronary Angio 16 19 33

13
Pulmonary
Angio 266 297 500

14 Cerebral Angio 59 81 120
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15 Carotid Angio 8 19 20

16 Aortic Angio 39 38 69

17 Face Angio 0 0 0

18
Upper limb
Angio 24 17 40

19
Lower limb
Angio 61 58 108

20 HRCT Chest 7 7 13

21
HRCT Temp.
Bone 167 148 284

22 Denta Scan 76 31 97

23 Gout Scan 0 15 15

24
CT Guided
Biopsy 3 2 5

19967 18556 35100

Table 11: Type of scans done in the years 2021 and 2022
(*Special investigations in gray boxes)

Time Spent by patient in CT Department
The average time spent by a patient for a plain case is 7 minutes and 4 seconds.
The average wheel-out-wheel-in time for a plain case is 2 minutes and 38 seconds.
Thus, the average total time taken for a plain scan is 9 minutes and 42 seconds.
The average number of plain cases in a day is 45.
Thus, the average total time for plain cases in a day is 7 hours and 15 minutes.

The average time spent by a patient for a contrast case is 21 minutes and 43 seconds.
The average wheel-out-wheel-in time for a contrast case is 4 minutes and 44 seconds.
Thus, the average total time taken for a contrast case is 26 minutes and 27 seconds.
The average number of Contrast cases in a day is 15.
Thus, the average total time for contrast cases in a day is 6 hours and 36 minutes.

Thus, the average total time spent by patients in the CT department in a day is 13 hours and 51
minutes.

Utilization Rate
The Utilization of the machine (Taking the working hours of the machine as 19 hours and 12
minutes*) is:
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13 hours 51 minutes / 19 hours 12 minutes (19.2hours: Taking the uptime of the machine at 80%
in 24 hours over 10 years, as quoted in Review of Literature.68 and discussed with the vendor and
the Biomedical engineers in the hospital)

= 0.72
= 72 % (Utilization Rate)

(*19.2 hours is used here for calculating the utilization rate; i.e., 80 % of 24 hours. But, because the
department is in a teaching institute and hence, taking into consideration the academic
commitments, the investigator suggests that this value can be changed to an even lower value for
this or other similar organizations and institutes.)

1.9. Revenue

The Price as charged to the patient for Each Investigation is enlisted below:

(Note that the parent hospital is a charitable hospital that charges at least 20% less than the other
Radiology diagnostics in the area as the prime objective of the parent hospital is serving the
patients. The mentioning of prices is not in conflict with breach in confidentiality of the hospital’s
policies as the same prices are enlisted in the department for the patient attenders and public to
view)

➢ CT Abdomen: 2675
➢ CT Abdomen and Pelvis: 5455
➢ CT Cervical Spine: 2955
➢ CT Head/Brain Plain: 1705
➢ CT Lumbar Spine: 2955
➢ CT Neck: 2955
➢ CT Pelvis: 2675
➢ CT PNS: 1840
➢ CT Thorax: 2675
➢ HRCT Chest: 2675
➢ Pan-CT: Varies from Rs 15,000-20,000
➢ Coronary Angiography: 7500
➢ Facial Cuts: 3500

The Breakdown of various investigations with the revenue generated from the same for the years
2021 & 2022 only is given below as these statistics were incorporated into the department only
from 2021 and the previous years’ breakdown of the various differing investigations was not done:
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S. No.
Type of
Scan

Price of
Scan

Number of
scans in
2021

Revenue
from Scans
in 2021

Number of
Scans in
2022

Revenue from
Scans in 2022

Total Scans
(2021-2022)

Total Revenue
(2021-2022)

1 Brain 1705 4110 7007550 4241 7230905 7523 14238455

2 PNS 1840 873 1606320 768 1413120 1516 3019440

3 Abdomen 2675 3592 9608600 3911 10461925 6796 20070525

4 Pelvis 2675 3437 9193975 3687 9862725 6441 19056700

5
Chest /
Thorax 2675 5150 13776250 3005 8038375 7614 21814625

6 Face 2670 1195 3190650 1127 3009090 2116 6199740

7
Musculosk
eletal 2890 193 557770 281 812090 437 1369860

8 Spine 2955 436 1288380 582 1719810 915 3008190

9 Neck 2955 237 700335 209 617595 409 1317930

10 Orbits 1950 18 35100 13 25350 29 60450

11
CT
Scanogram 0 0 0 0 0 0

12
Coronary
Angio 7500 16 120000 19 142500 33 262500

13
Pulmonary
Angio 4250 266 1130500 297 1262250 500 2392750

14
Cerebral
Angio 7500 59 442500 81 607500 120 1050000

15
Carotid
Angio 7500 8 60000 19 142500 20 202500

16
Aortic
Angio 7500 39 292500 38 285000 69 577500

17 Face Angio 0 0 0 0 0 0

18
Upper limb
Angio 7500 24 180000 17 127500 40 307500

19
Lower limb
Angio 7500 61 457500 58 435000 108 892500

20
HRCT
Chest 2800 7 19600 7 19600 13 39200

21
HRCT
Temp. 2955 167 493485 148 437340 284 930825
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Bone

22 Denta Scan 3460 76 262960 31 107260 97 370220

23 Gout Scan 2655 0 0 15 39825 15 39825

24
CT Guided
Biopsy 2000 3 6000 2 4000 5 10000

19967 50429975 18556 46801260 Grand Total 97231235

Table 12: Showing the number and types of scans along with their price and the revenue
generated for the years 2021 and 2022

The total revenue generated from CT scans done in 2021 and 2022 is Rs. 9,72,31,235.
Incorporating this price with the number of scans done gives us a fair idea of the revenue that is
generated for the years 2021 and 2022. This is used for the Profit and Loss statement for the
additional CT machine, along with the Break even analysis and Return on Investment. Looking at
the data, it is evident that an additional CT machine will be beneficial to the hospital. This is
explained further under Financial Feasibility.

1.10. Cost of CT Machine
The total cost of the current CT equipment after 10 years came to approx. Rs 6,52,97,687-,
(excluding operational cost) this includes the cost of the equipment, software and maintenance cost
of the equipment. The interest rate was taken as 12% (the market rate at that time) and the duration
of the machine was 10 years, which coincided with the typical lifespan of the equipment.

The MoU with its clauses was as follows:

The existing machine was purchased at Rs. 3.50 crore, in 2013. The company’s name is Siemens
and the model’s name is 128 slice Siemens Somatom Definition AS + Excel.

The AMC plus escalation was as follows: (1st year, ie., 2014, was under warranty)

Year AMC Escalation (As from the
previous year

1st Year 3,50,00,000 (Cost of
Equipment)

2nd year (2014) 14,24,563 –
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3rd year (2015) 28,59,375 100%

4th year (2016) 30,05,625 5.12%

5th year (2017) 31,59,351 5.12%

6th year (2018) 34,14,993 8%

7th year (2019) 35,85,743 5%

8th year (2020) 40,08,860 11.8%

9th year (2021) 42,09,303 5%

10th year (2022) 46,30,234 10%

Total: 6,52,97,687

Table 13: Purchase cost and AMC of existing CT machine

The total AMC plus escalation cost over the past 10 years has been approximately Rs. 3 crore. The
average increase in AMC from the previous year over the past 10 years has been 19%. The vendor
has quoted the next AMC for the following year (2023), to be Rs. 44,19,768.

The buyback value as per the vendor on 29/4/2022 is 12% of the purchase cost (Rs. 42 lakhs).

Depreciation is calculated using Simple Line technique over 10 years

= Cost of Asset - Scrap Value / Lifespan of the Asset

= Rs. 3,50,00,000 - Rs. 42,00,000 / 10 = Rs. 30,80,000

Rate of Depreciation = Annual Depreciation / Initial Cost of Asset * 100

= Rs. 30,80,000 / Rs. 3,50,00,000 * 100%

= 8%

1.11. Operational Expense (Values in Rs.)

Per Scan Per day Month Year

Electricity 2000 60000 720000
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Miscellaneous Expenses 100000 1200000

Cost of Power (Running of CT
machine) 8000 240000 2880000

Cost of Running Air Conditioner 6000 180000 2160000

Salaries of: Number

Consultant 3 200000 7200000

PG 3 40000 1440000

Technician 3 20000 720000

Nurse 2 20000 480000

Office Assistant 1 16000 192000

Attender 2 12000 288000

10320000

Total Operational Expenditure (In
a year) Rs. 1,72,80,000

Table 14: Operational Expense of existing CT machine

Cost per Scan to Hospital

Capital Expenditure (averaged to per year): Rs. 65,29,728
Depreciation (Per year): Rs. 30,80,000
Operational Expenditure (Per Year): Rs. 1,72,80,000
Total: Rs. 2,41,17,728

Scans done in 1 year (Average): 17,550

Cost per scan (To the Hospital): Rs. 2,41,17,728 / 17550

= Rs. 1,532 (Approx.)
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2. NEED ASSESSMENT

The parent hospital is located in a district of North Karnataka with a serving population of 11 lakhs
(extrapolated from Census 20112). The hospital is also the serving point for adjacent districts as in
the region there were only 3 scan centers with 128 slice CT machines (One in the same district;
another in the adjacent district that was 80 kilometers away).

Fig.-25: Various Diagnostic Centers in the study hospital’s vicinity

Hospitals with CT machine of 128 Slices in the region: 3 (Including Study Hospital)
Hospitals with CT machine in their centers: 11
Serving Population: 11,58,000 (approx.2); this excludes the adjacent districts from where patients
also come for scans to the parent hospital.

The following observations are made by the investigator, after carefully studying the staffing,
policies and procedures conducted in the Department of Radiology followed by his interactions
with the user and referral departments (Medicine, Surgery, Emergency Medicine Department,
Orthopaedics, Neurosurgery), with questions relevant to his thesis, meetings with the vendor,
purchase department and biomedical department for specifications and details regarding the
machine.. This was followed by a non structured interview with the user department’s staff and the
referral departments that refer patients for CT scanning to find the internal potential for additional
scans that was used for need assessment followed by the financial feasibility for an additional CT
machine.

The following are the statistics for the CT scans done from the years 2016 to 2022:
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Number of CT scans done along with the Out Patients and In Patients for each year is as follows:

S No. Year OP
IP
(Admissions) CT Scans

% Increase in Scans (As
compared to previous year)

Percentage of
Scans to OP

1 2016 448681 47502 10733 - 2.39%

2 2017 478798 51893 12845 16.44% 2.68%

3 2018 515232 53391 14220 9.67% 2.76%

4 2019 553235 60310 16267 12.58% 2.94%

5 2020 353676 43309 15924 -2.15% 4.50%

6 2021 353724 42864 19967 20.25% 5.64%

7 2022 466753 48706 18556 -7.60% 3.98%

Table 10: Statistics of OP, IP, CT scans in the years 2016-2022

The average increase in the number of scans from 2016 to 2022 has been 8.1 %. The number of
Outpatients that are referred for CT scans has increased; where it was 2.39% in 2016 and 5.64% &
3.98% in 2021 & 2022 respectively. Overall, the percentage increase of Our-patients' CT scans is
3%. The OPD:IPD ratio for CT scans is 1:4 (ie., for an average of 60 scans in a day, 12 are OPD
patients and 48 are IPD patients.)

Feedback from Interview

To look at the potential of an additional CT machine (Need assessment) for the Radiology
department, an unstructured interview was done with the Radiology department Consultants &
technicians. To get an idea of the referrals done to the CT department, the same interview was done,
curated specifically for the major referral departments, consisting of General Medicine, General
Surgery, Emergency Medicine Department, Orthopaedics & Neuro-Surgery. The questions posed
were limited to the Out-Patient Department as all the In-Patients are allotted for scans in the
CT department of the study hospital and scanned either on appointment basis or via
coordination with the Radiology department at night based on the severity and urgency of the
case. This internal demand from the OPDs of these major referral departments gives a fair idea of
the escalation of service required by the CT department, either by streamlining the existing CT
machine and/or procuring an additional CT machine, to cater to the demand for additional CT
scans.

The following points discuss the feedback as received from the Radiology department and the
Referral departments (The values mentioned are an estimate as given by the Consultants; further
observation of records is done and discussed in the Discussion section):
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➢ If an additional CT machine is procured by the teaching hospital, it will help cater to the
extra scan requests that are carried forward to the next day or the day after that
(Appointment System). They constitute over 33% of the scans that can be done if an
additional CT machine is available. By conducting an informal interview with the vested
parties that consisted of a Radiologist, technician and the office assistant, it was observed
that the department can easily cater to more cases and if there was an increase in manpower,
an additional CT machine can easily be managed that can also cater to over 40 scans a day.
This was backed by the time motion study that realizes that most of the excess time that can
be improved consisted of the wheel-out-wheel-in time and the preparation of the patient.
Another important observation was the excess time it took for transportation of the patients
from the Super Specialty block which led to a lot of scheduling issues between the
wards/ICU and the office assistants of the CT department. Along with this, the average
annual number of scans have increased at an average rate of 8.1%. This shows potential
benefits of adding another CT machine (of the same or lesser modality/slices that is a
discussion beyond the scope and objectives of this thesis).

➢ The General Medicine OPD consultation rooms are 5. On an average, each consultant
examines over 40-45 patients. Out of these, any patient that the Consultant feels requires a
CT scan, an advice of admission (making the patient an In-Patient) is given first. An average
of 2-3 CT scans is advised by a consultant. Hence, From the General Medicine department,
in the OPD, an average of 10-15 CT scan investigations per OPD day are advised. Once,
the patient is admitted, in the wards, over 40 % of the patients in the ward (ie, 20 patients if
the ward is of 50 beds), are advised CT scan which is undertaken in the study hospital’s CT
department.

➢ Another critical insight gained was the routing of patients’ that the Consultant feels requires
an urgent CT scan; for this the patient is advised to get admitted under the Emergency
Medicine Department, since the emergency cases do not require an appointment for the
investigation and are adjusted between the appointment cases. The Emergency Department
consists of 50 beds: 10 beds are ICU, and the rest are non-ambulatory beds. On an average,
50% of the ICU patients require a CT scan while 20 % of the non ambulatory patients
undergo a CT scan. This comes to around 20 CT scan investigations from the Emergency
Medicine department a day.

➢ The General Surgery OPD consultation rooms are 5. On an average, each consultant
examines over 35-40 cases (this takes into consideration the busy OPD days and averages it)
a day. If a Consultant believes a patient requires a CT investigation, the patient is usually
routed through the EM department as discussed above or advised for admission under the
Surgery department. On an average, the non-critical patients that are advised for a CT scan
and are followed up during the next OPD day are 1-2 scans an OPD day. This comes to over
8-10 CT scan Investigations per OPD day.

➢ The Orthopaedics Consultation rooms are 5. On an average, each consultant examines over
25-30 cases. If a consultant believes a patient requires a CT investigation, the patient is
routed through the EM department as discussed above or advised admission under the
Orthopaedics department. On an average, the non-critical patients that are advised for a CT
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scan and are followed up during the next OPD day are 2-3 a day. This comes to over 10-15
CT scan investigations per OPD day.

➢ The Neurosurgery department has 2 consultation rooms and 8 OPD days. (Monday and
Wednesday: 2 Consultation rooms are operational, Tuesday, Thursday, Friday and Saturday:
1). On an average, a Consultant examines over 30-35 patients in a day. If a Consultant feels
Usually, the patients are routed to the Neurosurgery department from the Emergency
Medicine Department. The CT scan investigation per day from Neurosurgery OPD was
around 5 scans a day. IP cases of Neurosurgery that are post operated almost always
undergo a repeat CT scan.

➢ Another critical point that was identified during the feedback was the reason why some
patients tended to not come for the scans to the study hospital. The major reason given was
proximity. Since whenever oral contrast is given for the Contrast scan, it requires the patient
to be Nil per Oral, the patient would have to come the next morning for the scan. Since the
patients are coming from the adjacent and distant districts and towns, sometimes it is more
convenient for them to get the scan from a center near their houses and come with the
reports the following day. To avoid this, usually the Consultants advise for the scans to be
done in the study hospital as the scans are easily available for retrieving from the PACS
system in the Hospital Information Systems. Also, the patients are advised to take
appointment for the scan for the next OPD day itself and come early in the morning, get the
scan done and then report to the OPD, where the case can be discussed by the Consultant
with the Radiologist and a provisional report can be made for better patient management.

➢ Some Consultants did feel that the appointment system is an inconvenience and an
additional CT machine will solve the problem as most plain scans can be done on the other
machine which will reduce the load on the existing CT machine. They also pointed out how
having an additional CT machine can cater to the future expansion of the hospital and the
appointment system can also be streamlined with the IP cases getting earlier appointments.
Most of the departments admit the patient and further investigations are carried out with the
patient being an In-Patient.

➢ Another point for an additional CT machine as per the Radiologist consultants was that
during the COVID-19 lockdown, there was difficulty in shifting of patients from all the
areas in the hospital (SSH and main building), as well as the protective equipment required
for the technicians and other staff involved with shifting of patients. It was decided that it is
advantageous to have an additional CT machine in the Super Specialty Hospital which
reduced the time taken for movement of patients; and the number of cases was also on the
rise that required HRCT for COVID-19. Number of cases per day (during COVID-19) was
over 70 a day.

The following table summarizes the important points from the unstructured interview along with
the relevant suggestions/remarks:
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S.
No. Department

Average Number of
Referrals (Per
OPD day) Major Issues Reported Suggestions/Remarks

1
General
Medicine

12

Nil per Oral for Contrast
scans; proximity of other
CT centers from the
patients' houses makes
them prefer the other CT
centers if an appointment is
given.

Consultants are advised to
recommend for scans in the hospital
as the images can be retrieved from
PACS for visualization; patients' can
be asked to take the appointment for
scan for the next follow-up OPD day
& report to the OPD for consultation
after the scan.

2
General
Surgery

10

Appointment system leads
to delay; to avoid the
appointment system,
patients are routed through
EMD

If an additional CT machine is
procured, the increased demand can
be catered to.

3 Orthopedics 12

Appointment system leads
to delay; to avoid the
appointment system,
patients are routed through
EMD

If an additional CT machine is
procured, the increased demand can
be catered to.

4
Emergency
Medicine

20
Delays in shifting of
patients for scan
(Manpower)

Better coordination between the
nurses in the EMD and CT
department for preparation and
shifting of patients for scan.

5 Neurosurgery 5
Inconvenience to patients
due to shifting of patients
from the Super specialty to
main building

If an additional CT machine is
procured and stationed in the SSH, it
will cater to the additional demand
and also be convenient for the
patients in SSH.

Total 59

Table 15: Summary of feedback from Referral departments for CT scan

The average scans done per day are 58. The number of scans per year are growing at a rate of 8.1%;
the percentage increase of Our-patients' CT scans is 3%; the average potential demand for CT scans
from the OPD of the 5 major departments is 59 scans per OPD day;
Looking at all of these variables, the following estimation is made:

79



Fig.-26: Growth of OPD referrals per day for scan from the 5 major departments over the
next 6 years (at a growth rate of 3%)

Currently, over 13.2 CT scans from the OPD are done on an OPD working day. The OPD:IPD ratio
for CT scans is 1:4 (ie., for an average of 60 scans in a day, 12 are OPD patients and 48 are IPD
patients.) Thus, just taking the OP cases into consideration, there is a potential for over 46
additional cases (59-13 = 46) that can be scanned only from these 5 major referral departments,
which make 70% of the internal potential as other departments like ENT, Ophthalmology,
Psychiatry, Urology and Plastic Surgery also advise patients for CT scans. Thus, it is estimated that
there are 65 additional cases (100 % internal demand from the OPDs) that are advised by the
OPD for CT scanning. Further, if the process flow of shifting of patients is streamlined by
increasing the Utilization rate by allotting manpower for improving the appointment system, the
existing CT machine can accommodate over:

Type of
Investigation

Time taken
for
Investigation
(In minutes)

Number of Scans
that can be done in
1 hour

Time Available (for 100%
Utilization)

Additional Number of
scans that can be done for
100% utilization

Scenario
1 Plain 10 6 5 hours and 21 minutes 32
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Scenario
2 Contrast 27 2 5 hours and 21 minutes 11

Scenario
3

Mixed
(Proportionat
e- 1:3) - 4 5 hours and 21 minutes 21

Table 16: 3 scenarios for accommodation of additional cases for CT scans

Taking Scenario 3 (which consists of mixed, i.e., both plain and contrast cases in the proportion of
1:3), it is inferred that if the operational optimization is done, there are 21 cases that can be
accommodated. This is the maximum that can be done on the current CT machine as one of the
major limitations of the current scenario is recruitment of manpower for the Radiology department.
Even with these limitations, if the management of the hospital works resourcefully, (as per the
discussion with the management and the Radiology department), given the lifespan of the current
machine and the reduction in uptime of the machine over 10 years, the maximum scans that can be
done on the machine currently are 81 cases. Thus, the breakdown of these 81 scans (approximated
to 80 scans for simplification of calculation) will be as follows as per the trends of the existing CT
machine:

OPD cases: 20
IPD cases: 60

Thus, there are 45 additional scans (65 cases from Internal Demand - 20 OPD cases at 100%
utilization of machine) from the OPDs that can be catered to if an additional CT machine is
procured.

Since, the perceived demand forecast establishes that procuring an additional CT machine is
desirable, taking a conservative approach (so as to avoid financial losses), the following Feasibility
Report was prepared that was divided into: Operational Feasibility & Financial Feasibility.
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3. FEASIBILITY REPORT

3.1. Operational Feasibility

3.1.1. Location

The parent hospital is located in a district of North Karnataka with a serving population of 11 lakhs
(extrapolated from Census 20112). The hospital is also the serving point for adjacent districts as in
the region there were only 3 scan centers with 128 slice CT machines (One in the same district;
another in the adjacent district that was 80 kilometers away).

Fig. 25: Various Diagnostic Centers in the Study hospital’s vicinity

Hospitals with CT machine of 128 Slices in the region: 3 (Including Study Hospital)
Hospitals with CT machine in their centers: 11
Serving Population: 11,58,000 (approx.2); this excludes the adjacent districts from where patients
also come for scans to the parent hospital.

3.1.2. Area

An area for the potential site for the additional CT machine has been earmarked in the Ground floor
of the Super Specialty Hospital, next to the entrance to the Elevator number 10, where there is a
currently operational Canteen. This is a preliminary area recommendation and further area surveys
should be conducted and is beyond the scope of this thesis. The area requirement using the existing
CT department’s specifications is taken as approx. 1,350 sq. feet.
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Since the area is already available, the cost of procuring a new land is eliminated and the
operational feasibility taking Area and Location into purvey looks positive.

3.1.3. Infrastructure

The tertiary care teaching hospital has an able and competent Biomedical, Civil & Electrical
engineering department that has worked in tandem for setting up the CT department & other
departments in Radiology, in compliance with the AERB guidelines and in cohorts with the vendors
for specifications and curating the department with the specific needs. Since, the area available is
suitable with easy access via the South facing door that has a road for transport, the operational
feasibility taking “Infrastructure” into consideration seems positive.

3.1.4. Manpower

There are 10,000 radiologists in the country69. Every year, 981 radiologists pass from Medical
Colleges & Hospitals (208 DNB & 773 MD and Diploma in Radiology)70. There is a high demand
for Radiologists in Medical Colleges. In Karnataka, every year, 181 Radiologists clear their post
graduation.70 In the district where the study hospital is located, there are 11 hospitals and diagnostic
centers that have a CT machine. There are only 3 hospitals in the district that have a 128 slice CT
machine. After enquiring with the Human Resource (Teaching) department in the hospital, there
were currently 5 pending enquiries from Radiologists for joining the study hospital in the
Department of Radiology. Thus, the operational feasibility of taking “Manpower”/Radiologists
(since technicians and other departmental staff is always available and hence not included here) into
purvey looks positive.

3.2. Financial feasibility

3.2.1. Capital Expenditure

The MoU taken from the Purchase department was used here to get an estimate on the Capital
expenditure for the additional CT machine (It is assumed that the additional machine that will be
bought will also be 128 slices).

The following calculations are made after taking the data from the vendors, University Purchase
department and the Radiology department for an additional and new CT machine:

The total cost of the CT equipment after 10 years came to approx. Rs 14,37,54,923. (excluding
operational cost) which includes the software and maintenance of the equipment. The timespan of
the machine is taken as 10 years, which coincides with the typical lifespan of the equipment.

The cost of the new machine is approx. Rs. 8 crore, (as on 1st January, 2023).
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The AMC plus escalation will be as follows: (1st year is under warranty)

Year AMC

1st Year (2023) 80,000,000

2nd year (2024) 3,200,000

3rd year (2025) 3,808,000

4th year (2026) 4,531,520

5th year (2027) 5,392,509

6th year (2028) 6,417,085

7th year (2029) 7,636,332

8th year (2030) 9,087,235

9th year (2031) 10,813,809

10th year (2032) 12,868,433

Total: 143,754,923

*: The escalation is taken from the previous
CT machine's(at 19% per year) which can
give us a tentative idea on the trend of AMC
cost for a new CT machine

Table 17: Capital cost and AMC for additional CT machine

The AMC cost of the machine over 10 years can be predicted to be around Rs. 6.37 crore.
The buyback value of the machine (as per the vendor) after 10 years is approximately 12 % of the
purchase cost of equipment, ie. Rs. 96,00,000 (approx. Rs. 1 crore). Thus, the Capital Expenditure
for the CT machine after 10 years to the Hospital will be Rs. 13.37 crore (approx.).

Annual Depreciation is calculated using Simple Line technique over 10 years:

= Cost of Asset - Scrap Value / Lifespan of the Asset

= Rs. 8,00,00,000 - Rs. 96,00,000 / 10 = Rs.  70,40,000

3.2.2. Operational Expenditure

The following table shows the Operational Expenditure of the CT machine, using the following
costs:

➢ Salaries of the CT department

84



➢ Power (Running of CT machine)
➢ Air Conditioner
➢ Electricity
➢ Miscellaneous expenses

Per Scan Per day Month Year

Electricity 2000 60000 720000

Miscellaneous Expenses 100000 1200000

Cost of Power (Running of
CT machine) 8000 240000 2880000

Cost of Running Air
Conditioner 6000 180000 2160000

Salaries of: Number

Consultant 3 200000 7200000

PG 3 40000 1440000

Technician 3 20000 720000

Nurse 2 20000 480000

Office Assistant 1 16000 192000

Attender 2 12000 288000

10320000

Total Operational
Expenditure (In a year) 17,280,000

Table 18: Operational Expense of Additional CT machine

The Operational Expenditure for a year is Rs. 1,72,80,000.

3.2.3. Cost per Scan to Hospital (For the Additional CT machine)

Capital Expenditure (averaged to per year): Rs. 1,43,75,492
Depreciation (Per year): Rs. 70,40,000
Operational Expenditure (Per Year): Rs. 1,72,80,000
Total: Rs. 3,86,95,492

Scans done in 1 year (Averaged over 10 years; taking initial scans per day as 45 and annual growth
at 8.1%): 19,500
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Cost per scan (To the Hospital): Rs. 3,86,95,492 / 19500

= Rs. 1,984 (Approx.)

3.2.4. Profit and Loss Statement

The profit and loss statement for the next 10 years for the additional CT machine is as follows:
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Table 19: Profit and Loss Statement for 10 years (Values in Rupees)

Year 1 2 3 4 5 6 7 8 9 10

Cash Inflow

Revenue per Month 2,840,625 3,070,716 3,319,444 3,588,319 3,878,972 4,193,169 4,532,816 4,899,974 5,296,872 5,725,918

Total Yearly Revenue 34,087,500 36,848,588 39,833,323 43,059,822 46,547,668 50,318,029
54,393,78
9

58,799,68
6 63,562,461

68,711,02
0

Cash Outflow Yearly

Annual Maintenance
(Year 1 is under
warranty) 0 3,200,000 3,808,000 4,531,520 5,392,509 6,417,085 7,636,332 9,087,235 10,813,809

12,868,43
3

Electricity (Lights,
Computer system
etc.) 720,000 756,000 793,800 833,490 875,165 918,923 964,869 1,013,112 1,063,768 1,116,956

Cost of Running
Machine (Running
Power) 2,880,000 3,024,000 3,175,200 3,333,960 3,500,658 3,675,691 3,859,475 4,052,449 4,255,072 4,467,825

Cost of Running Air
Conditioner 2,160,000 2,268,000 2,381,400 2,500,470 2,625,494 2,756,768 2,894,607 3,039,337 3,191,304 3,350,869

Salary, etc. 10,320,000 11,352,000 12,487,200 13,735,920 15,109,512 16,620,463
18,282,51
0

20,110,76
0 22,121,837

24,334,02
0

Misc. Expenses 1,200,000 1,260,000 1,323,000 1,389,150 1,458,608 1,531,538 1,608,115 1,688,521 1,772,947 1,861,594

Total Expenses 17,280,000 21,860,000 23,968,600 26,324,510 28,961,945 31,920,468
35,245,90
7

38,991,41
4 43,218,735

47,999,69
8

PBDIT 16,807,500 14,988,588 15,864,723 16,735,312 17,585,723 18,397,561
19,147,88
2

19,808,27
2 20,343,725

20,711,32
3
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Annual Depreciation 7040000 7040000 7040000 7040000 7040000 7040000 7040000 7040000 7040000 7040000

PBIT 9,767,500 7,948,588 8,824,723 9,695,312 10,545,723 11,357,561
12,107,88
2

12,768,27
2 13,303,725

13,671,32
3

*Year 1 number of cases per day are taken as 45. Yearly revenue has an annual hike of ~=8.1% which is the yearly rate of increase in the
number of scans. Annual maintenance has an yearly hike of 19% (As derived from the current machine’s AMC) Electricity, Cost of
running machine, Cost of Running air conditioner and misc expenses have an yearly hike of 5%. Salaries have a yearly hike of 10%.
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Thus, the cumulative PBDIT (Profit before Depreciation, Interest and Taxes) after 10 years will be
Rs.  18,03,90,609.

PBIT (Profit before Interest and Taxes) is: Rs. 10,99,90,609 (Approx. Rs. 11 crore)

3.2.5. Cost Volume Profit (CVP)/ Break Even Analysis (For Year 1)

The Formula for CVP is: Fixed Cost / (Sales Price per Unit*No. Of Units sold - Variable
Cost per Unit)

Fixed Cost: Rs. 2,02,40,000; Variable Cost: Rs. 40,80,000; Variable Cost per Unit: Rs. 302; Sale
Price per Unit: Rs. 2,523

Anticipated Scans in a year: 13,500

(Unit= Scan)

Fixed Costs
Yearly Cost of
FC Variable Costs

Yearly Cost
of VC

Variable Cost
per Unit

Sales Price
Per Unit

Anticipated
Scans in a year

Electricity 720000
Power (Running
machine) 2880000 13500

Cost of Running
Air Conditioner 2160000

Miscellaneous
Expenses 1200000

Depreciation 7040000

Salaries of:

Consultant

10320000

PG

Technician

Nurse

Office Assistant

Attender

TOTAL 20240000 4080000 302.222 2523

Table 20: CVP Analysis for additional CT machine
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Punching in the values in the formula gives us the break even point value of: 9,113 units; i.e.,
9,113 scans are to be done in the first year in order to cover the fixed costs.

If 13,500 scans are done then the profit is Rs. 97,43,500 (Year 1).

The CVP graph is as follows: (*: Due to unavailability of the Rupee sign for display, the $/Dollar
sign is used. The figures used here are in Rupees and number of scans.)

Fig.-27: Break Even Point for the scans to be done in Year 1

3.2.6. Return on Investment

90



The formula for Return on Investment is

R = (Vf - Vi)/Vi

R: Return
Vf: Final Value
Vi: Initial Value

Year Revenue
Capital
Expenditure

Operational
Expenditure

Total
Expenditure Profit/Loss

0 80,000,000 80,000,000 -80,000,000

1 34087500 0 17,280,000 17,280,000 16,807,500

2 36848587.5 3200000 21,860,000 25,060,000 11,788,588

3 39833323.09 3808000 23,968,600 27,776,600 12,056,723

4 43059822.26 4531520 26,324,510 30,856,030 12,203,792

5 46547667.86 5392509 28,961,945 34,354,454 12,193,214

6 50318028.96 6417085 31,920,468 38,337,553 11,980,476

7 54393789.3 7636332 35,245,907 42,882,239 11,511,550

8 58799686.24 9087235 38,991,414 48,078,649 10,721,037

9 63562460.82 10813809 43,218,735 54,032,544 9,529,916

10 68711020.15 12868433 47,999,698 60,868,131 7,842,890

Total 496161886.2 143,754,923 315,771,277 459,526,200 36,635,686

Table 21: Return on Investment for additional CT machine
Punching in the values into the formula, gives an ROI of: 7.97%
Annualized ROI: 0.77%

3.2.7. Net Present Value (NPV)

NPV is calculated as: Cash Flown / (1 +i)n

(where n is the duration of future cash flows; i is the discount/interest rate)
Here the following values were used to derive the NPV:

➢ Initial Investment: (- Rs. 8 crore)
➢ Discount/Interest rate: 6.5% (Current Indian Interest rate)71

➢ “N”: Has been taken as 10 years which is also the average lifespan of the machine.
➢ Cash Flow:
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Year

Total Yearly
Revenue(Increase of
~=8.1%)

1 34087500

2 36848587.5

3 39833323.09

4 43059822.26

5 46547667.86

6 50318028.96

7 54393789.3

8 58799686.24

9 63562460.82

10 68711020.15
Table 22: Revenue Increase for calculating NPV

*: As corresponding to the increase in number of footfall for scans (~=8.1%)

Punching these values into the formula, gives us a value of Rs. 26,25,99,091.

3.2.8. Internal rate of return (IRR)

IRR is calculated exactly the same as Net Present Value(NPV), but it sets the NPV as zero.
Here the following values were used to derive the IRR:

➢ Initial Investment: Rs. 8 crore
➢ Discount rate: 6.5% (Current Indian Interest/Discount rate)71

➢ “N”: Has been taken as 10 years which is also the average lifespan of the machine.
➢ Cash Flow:
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Year

Total Yearly
Revenue(Increase of
~=8.1%)

1 34087500

2 36848587.5

3 39833323.09

4 43059822.26

5 46547667.86

6 50318028.96

7 54393789.3

8 58799686.24

9 63562460.82

10 68711020.15
Table 23: Revenue Increase for calculating IRR

*: As corresponding to the increase in number of footfall for scans (~=8.1%)

Punching these values into the formula gives an annual IRR of 48.98 %. This value implies that
over the course of duration (here, 10 years), the average annual value that we will be recovering is
45.57 % of the initial investment.

3.2.9. Profitability Index (PI)

Profitability index = Present value of future cash flows / Initial investment60

Or

PI = [ CF1 × (1 + r) -1 + CF2 × (1 + r) -2 + . . . + CFn × (1 + r) -n ] / CF0

Here the values used are as follows:

➢ Initial Investment (CFo): Rs. 8 crore
➢ Discount rate(r): 6.5 % (Current Indian Interest/Discount Rate)71

➢ Number of years(n) : 10

Year

Total Yearly
Revenue(Increase of
~=8.1%)

1 34087500

2 36848587.5
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3 39833323.09

4 43059822.26

5 46547667.86

6 50318028.96

7 54393789.3

8 58799686.24

9 63562460.82

10 68711020.15
Table 24: Revenue Increase for calculating PI

*: As corresponding to the increase in number of footfall for scans (~=8.1%)

This gives us a Profitability Index value of 4.28.

Interpretation of the values of PI is as follows: >1: the project is feasible; <1: the project is
unfeasible. Here, a value of 10.39 shows that the project has the potential to be highly feasible and
can be considered.

3.2.10. Payback Period

Payback period = Costs of the project(investment) / Annual cash inflows

The following values were used for calculating Payback period:

➢ Initial Investment: Rs. 8 crore
➢ Duration: 10 years
➢ Cash Flow:

Year

Total Yearly
Revenue(Increase of
~=8.1%)

1 34087500

2 36848587.5

3 39833323.09

4 43059822.26

5 46547667.86

6 50318028.96

7 54393789.3
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8 58799686.24

9 63562460.82

10 68711020.15
Table 25: Revenue Increase for calculating Payback Period

*: As corresponding to the increase in number of footfall for scans 8.1%)

Table 26: Table for calculation of Payback Period (Simple & Discounted)

(*: Due to unavailability of the Rupee sign for display, the $/Dollar sign is used. The figures used
here are in Rupees.)

Using these values and applying them into the formula gives us the Payback Period as
2.21 years & a discounted payback period of 2.46 years.

Thus, the Feasibility Report for the additional CT machine, taking the necessary expenses and
correlating it with the expected revenue is positive.
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RESULTS

After evaluation of the the process flow, staffing, types of scans, the number of scans, cost, other
variables along with preparing the need assessment and feasibility report & analyzing the data
available over the past 10 years, the following results are attained:

➢ The CT department is at an ideal location with easy access from the back gate for
transporting of patients, its proximity to the Emergency Medicine Department and the
elevator located next to the department for shifting of patients from the Operation Theater
and ICUs. The area of the CT department is 1,349 sq feet, and the gantry room is 260 sq feet
which is within the specifications given by AERB17 and FGI24.

➢ The CT machine in the study hospital is a 128 slice Siemens Somatom Definition AS +
Excel. It was procured in 2013. The AERB license is renewed every 5 years with the last
renewal done in June, 2018. There are 15 personnel in the CT department, distributed over 4
shifts. It consists of 3 senior consultants, 3 junior consultants, 3 technicians, 2 nurses, 1
office assistant and 3 attenders.

➢ The appointment system in the department accepts requisitions for the following day after
giving the appointments over the phone or in person. The routine Appointment System for
the CT scans is as follows: (This excludes the Emergency cases that would be taken as
required/on arrival from Casualty/ICU):
8:30- 1:00 PM: For contrast: 4 In-Patients + 4 Out-Patients (Excluding Emergency cases)

1:00 PM - 2:00 PM : Plain CT scans: (Average of 10-12 plain investigations in this time
slot)

2:00 PM - 5:00 PM: Contrast :  5 In-Patients (Excluding emergency cases)

Post 5:00 PM: No appointment system (The Radiologist would take calls from various
departments and co-ordinate)

➢ The Workflow of the patients coming to the CT department is as follows:
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Fig.-21: CT department Workflow for OPD, ward, ICU and EMD patients

➢ The following is the average time taken for various activities from the entry to exit of a
patient that comes for scan to the CT department, as observed during the time motion study:

Time taken to
shift patient
to CT Table

Time Patient
was on the CT
Table

Patient Shifted from
the CT table to the
Waiting area

Wheel
In-Wheel
Out Time

Entry of Next Patient into the CT
gantry room (Wheel Out-Wheel-In
Time)

Contrast Cases
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Average
Time 8:30 10:44 2:29 21:43 4:44

Plain Cases

Average
Time 3:00 2:20 1:43 7:04 2:38

Table 27: Average Time taken for Wheel-In-Wheel-Out and Wheel-Out-Wheel-In for contrast
and plain cases

➢ The number of cases observed from end to end during the time motion study is 34; which
consisted of 15 contrast cases and 19 plain cases.
The average time spent by a patient for a plain case is 7 minutes and 4 seconds.
The average wheel-out-wheel-in time for a plain case is 2 minutes and 38 seconds.
Thus, the average total time taken for a plain scan is 9 minutes and 42 seconds.

The average time spent by a patient for a contrast case is 21 minutes and 43 seconds.
The average wheel-out-wheel-in time for a contrast case is 4 minutes and 44 seconds.
Thus, the average total time taken for a contrast case is 26 minutes and 27 seconds.

➢ The following are the statistics for the CT scans done from the years 2016 to 2022: Number
of CT scans done along with the number of Out Patients and In Patients for each year is as
follows:

S No. Year OP
IP
(Admissions)

CT
Scans

% Increase in Scans (As
compared to previous year)

Percentage of Scans
to OP

1 2016 448681 47502 10733 - 2.39%

2 2017 478798 51893 12845 16.44% 2.68%

3 2018 515232 53391 14220 9.67% 2.76%

4 2019 553235 60310 16267 12.58% 2.94%

5 2020 353676 43309 15924 -2.15% 4.50%

6 2021 353724 42864 19967 20.25% 5.64%

7 2022 466753 48706 18556 -7.60% 3.98%
Table 10: Statistics of OP, IP, CT scans in the years 2016-2022

➢ The average increase in the number of scans from 2016 to 2022 has been 8.1 %. The
number of Outpatients that are referred for CT scans has increased; where it was 2.39% in
2016 and 5.64% & 3.98% in 2021 & 2022 respectively. Overall, the percentage increase of
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Our-patients' CT scans is 3%. The OPD:IPD ratio for CT scans is 1:4 (ie., for an average of
60 scans in a day, 12 are OPD patients and 48 are IPD patients.) The ratio of Plain cases to
Contrast cases in a day is 15:45.

➢ The average number of scans done per day (excluding Sundays and holidays) and taking
300 as the working days of the year was 51.6; this is the average of the past 7 years; for the
past 3 years, the average footfall per day was 60.1, and it was 61.8 for the year 2022.

➢ Thus, the average total time spent by patients in the CT department in a day is 13 hours and
51 minutes. The Utilization Rate of the machine is 72%.

➢ The cost per scan to the hospital is Rs. 1,532.
➢ The Capital expense of the current CT equipment is Rs 6,52,97,687- , which includes the

maintenance of the equipment. The interest rate is taken as 6.5% (the existing market rate)
and the timespan of the machine is 10 years, which coincides with the typical lifespan of the
equipment.

➢ For the years 2021 and 2022, the number of scans done were 38,523 and the revenue
collected was Rs. 9,72,31,235. This gives an average of approx. Rs. 2,523 per patient per
day.

➢ The need assessment for the additional CT machine, looked into the current patient footfall,
and the potential demand from the OPD, emphasizing on the five major referral departments
of General Medicine, General Surgery, Emergency Medicine, Orthopedics & Neurosurgery.
The following table summarizes the important points from the unstructured interview along
with the relevant suggestions/remarks:

S. No. Department

Average Number
of Referrals (Per
OPD day) Major Issues Reported Suggestions/Remarks

1 General Medicine 12

Nil per Oral for Contrast scans;
proximity of other CT centers
from the patients' houses makes
them prefer the other CT
centers if an appointment is
given.

Consultants are advised to recommend for
scans in the hospital as the images can be
retrieved from PACS for visualization;
patients' can be asked to take the
appointment for scan for the next
follow-up OPD day & report to the OPD
for consultation after the scan.

2 General Surgery 10

Appointment system leads to
delay; to avoid the appointment
system, patients are routed
through EMD

If an additional CT machine is procured,
the increased demand can be catered to.

3 Orthopedics 12

Appointment system leads to
delay; to avoid the appointment
system, patients are routed
through EMD

If an additional CT machine is procured,
the increased demand can be catered to.
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4
Emergency
Medicine

20
Delays in shifting of patients
for scan (Manpower)

Better coordination between the nurses in
the EMD and CT department for
preparation and shifting of patients for
scan.

5 Neurosurgery 5

Inconvenience to patients due
to shifting of patients from the
Super specialty to main
building

If an additional CT machine is procured
and stationed in the SSH, it will cater to
the additional demand and also be
convenient for the patients in SSH.

Total 59

Table 15: Summary of feedback from Referral departments for CT scan

➢ As per the feedback from the referral departments, an average of over 59 cases are advised
for CT scan on a working day from the Out Patient Department (OPD).

➢ Currently, over 13.2 CT scans from the OPD are done on an OPD working day. Thus, just
taking the OP cases into consideration, there is a potential for over 46 additional cases
(59-13 = 46) that can be scanned only from these 5 major referral departments, which make
70% of the internal potential as other departments like ENT, Ophthalmology, Psychiatry,
Urology and Plastic Surgery also advise patients for CT scans. Thus, it is estimated that
there are 65 additional cases (100 % internal demand from the OPDs) that are advised
by the OPD for CT scanning. Further, if the process flow of shifting of patients is
streamlined by increasing the Utilization rate by allotting manpower for improving the
appointment system, the existing CT machine can accommodate over:

Type of
Investigation

Time taken
for
Investigation
(In minutes)

Number of Scans
that can be done in
1 hour

Time Available (for 100%
Utilization)

Additional Number of
scans that can be done for
100% utilization

Scenario
1 Plain 10 6 5 hours and 21 minutes 32

Scenario
2 Contrast 27 2 5 hours and 21 minutes 11

Scenario
3

Mixed
(Proportionat
e- 1:3) - 4 5 hours and 21 minutes 21

Table 16: 3 scenarios for accommodation of additional cases for CT scans

➢ Taking Scenario 3 (which consists of mixed, i.e., both plain and contrast cases in the
proportion of 1:3), it is inferred that if the operational optimization is done, there are 21
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cases that can be accommodated. This is the maximum that can be done on the current CT
machine as one of the major limitations of the current scenario is recruitment of manpower
for the Radiology department. Even with these limitations, if the management of the
hospital works resourcefully, (as per the discussion with the management and the Radiology
department), given the lifespan of the current machine and the reduction in uptime of the
machine over 10 years, the maximum scans that can be done on the machine currently are
81 cases. Thus, the breakdown of these 81 scans (approximated to 80 scans for
simplification of calculation) will be as follows as per the trends of the existing CT
machine: OPD cases: 20; IPD cases: 60
Thus, there are over 45 additional scans (65 scans from Internal Demand- 20 OPD scans at
100% utilization of machine) from the OPDs that can be catered to if an additional CT
machine is procured.

➢ After discussions with the Management, and the stakeholders, i.e., the Faculty and the staff
in the department of Radiology, backed with the data and information processed in this
thesis, it is concluded that it would be beneficial for the CT department to procure an
additional CT machine. Substantiating this are upcoming projects and future expansions in
the hospital, like the Oncology hospital and further increase to the beds in Super specialty
wing of the hospital, along with the annual growth in the footfall of the patient to the CT
department has been 8.1% over the past 7 years, it is concluded that it beneficial to the
hospital and for the patients if an additional CT machine is procured.

➢ Having ascertained the need for an additional CT machine, the feasibility report was
prepared: The parent hospital is located in a district of North Karnataka with a serving
population of 11 lakhs (extrapolated from Census 20112). The hospital is also the serving
point for adjacent districts as in the region there are only 3 scan centers with 128 slice CT
machines. There are 11 diagnostic centers and hospitals with a CT machine in the district.

➢ An area for the potential site for the additional CT machine has been earmarked in the
Ground floor of the Super Specialty Hospital, next to the entrance to the Elevator number
10, where there is a currently operational Canteen. This is a preliminary area
recommendation and further area surveys should be conducted and is beyond the scope of
this thesis. The area requirement using the existing CT department’s specifications is taken
as approx. 1,350 sq. feet. Since the area is already available, the cost of procuring a new
land is eliminated and the operational feasibility taking Area and Location into purvey looks
positive.

➢ The tertiary care teaching hospital has an able and competent Biomedical, Civil & Electrical
engineering department that has worked in tandem for setting up the CT department & other
departments in Radiology, in compliance with the AERB guidelines and in cohorts with the
vendors for specifications and curating the department with the specific needs. Since, the
area available is suitable with easy access via the South facing door that has a road for
transport, the operational feasibility taking “Infrastructure” into consideration seems
positive.

➢ There are over 10,000 radiologists in the country. Every year, 981 radiologists pass from
Medical Colleges & Hospitals (208 DNB & 773 MD and Diploma in Radiology). There is a
high demand for Radiologists in Medical Colleges. In Karnataka, every year, 181
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Radiologists clear their post graduation. In the district where the study hospital is located,
there are 11 hospitals and diagnostic centers that have a CT machine. There are only 3
hospitals in the district that have a 128 slice CT machine. After enquiring with the Human
Resource (Teaching) department in the hospital, there were currently 5 pending enquiries
from Radiologists for joining the study hospital in the Department of Radiology. Thus, the
operational feasibility of taking “Manpower”/Radiologists (since technicians and other
departmental staff is always available and hence not included here) into purvey looks
positive.

➢ For the Financial feasibility, future cash flow was calculated at a discount rate of 6.50%
(which is India’s current interest/discount rate). The number of scans done per month was
taken as 45 scans a day for 25 working days in a month, to give an initial revenue of
Rs.3,40,87,500 per year, which is increased by 8.1% each year. The initial cost (buying
cost) of the CT machine is taken as Rs. 8 crore (quoted price from vendor) and the
duration/lifespan of the machine is taken as 10 years.

➢ Capital Expenditure for the additional CT machine is Rs. 14,37,54,923.
➢ The Operational Expenditure for the additional CT machine is Rs. 1,72,80,000.
➢ The Cost per scan to the hospital for the additional CT machine is Rs. 1,984.
➢ A Profit and Loss statement (PBDIT & PBIT) is calculated for the next 10 years, which

shows that the procurement is financially feasible, with the cumulative PBDIT (Profit before
Depreciation, Interest and Taxes) after 10 years is Rs. 18,03,90,609 PBIT (Profit before
Interest and Taxes) is: Rs. 10,99,90,609 (Approx. Rs. 11 crore).

➢ The following table shows the summary of the Cost benefit analysis of the various
parameters for which the financial feasibility of the additional CT machine is checked:

Table 28: Cost Benefit Analysis

Parameter Value Feasibility

Simple Payback Period 2.21 years
Positive
(Feasible)

Discounted Payback Period 2.46 years
Positive
(Feasible)

Net Present Value Rs. 26,25,99,091
Positive
(Feasible)

Internal Rate of Return 48.98 %
Positive
(Feasible)

Profitability Index >1 (4.28)
Positive
(Feasible)

Return on Investment 7.97% (Annualized: 0.77%)

Break Even Point (Scans/year) 9,113
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DISCUSSION

In the study hospital, the CT department is located on the ground floor, with access from the back
door directly into the CT department and provision of stretchers and loading and unloading of
patients from ambulances. It is also in close proximity to the Emergency Medicine department, and
a lift that is situated right next to the department for shifting of patients from the Operation theater
and ICUs. The area of the CT department is 1,349 sq feet, which is within the specifications given
by AERB17 and FGI24, which is 110 to 120 sq m (1,184-1,291 sq ft.). Though, the waiting area of
the CT department, which is 196 sq. ft., is shared by the MRI department also. The waiting area of
the department is small and can be increased. The appointment system in the department accepts
requisitions for the following day after giving the appointments over the phone or in person. The
appointment system can be better streamlined and more scans can be accommodated if an office
assistant is made available at night also for catering to appointments at night as there is no
appointment system after 5:00 PM. The number of radiologists stationed at night is 1; if this is
increased to 2, it can also help with faster and voluminous drafting of reports and that will increase
the number of scans, as one observation (that was beyond the scope of this thesis) was the delay in
reports of the patients. A limiting factor here is the lack of manpower as there is a paucity of
Radiologists in the department. A change to the working hours and timings of the staff can also be
explored, to accommodate more contrast and plain scans. This importance of workflow and time
utilization is emphasized in another article by Giles Boland72, in the article,“Enhancing CT
Productivity: Strategies for Increasing Capacity”.72 The emphasis is given on making improvements
to the workflow and policies, whether that includes manpower utilization or policies on the process
flow of a patient, including the appointment system.

To get a comprehensive understanding of the workflow of the CT department, a time motion study
was conducted over a span of 7 days (including Sunday), during which 34 cases were observed
using a stopwatch that timed the patient’s entry into the CT waiting area, the shifting of the patient
from the CT waiting room to the Gantry room, the time patient spent on the CT table, the time
taken to shift the patient from the CT table to the waiting room and the time between the entry of
the next patient (Wheel out-wheel in time). Wheel out-Wheel in time was calculated because the
scans had different modalities and target regions that took various time and an average of that time
will not give any relevant information that can make us understand the average time per scan. The
real variable that (as observed) was controllable and can be improved was the time it took to
prepare the patient (for contrast) and the time between the entry of the next patient for the scan.
This showed scope for improving the Appointment system and better coordination between the
Wards/ICU and the CT department. Another pertinent observation was the lack of Office assistants
at night to give appointments which leads to a reduction in the number of scans that are done at
night; which are limited to only emergency scans (from the Emergency Medicine department.). The
observation bias was also a factor that was noticed as the wheel out wheel in time improved over
the course of the time motion study as the technicians and attenders became aware that they were
being observed and their efficiency in shifting the patients and the preparation of the patient
improved drastically over the course of the 7 days that the time motion was conducted. This
principle is known as the Hawthorne effect.73 The investigator notes that the time motion study is a
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tedious exercise and the number of cases observed could have been more and that is a limitation of
the study and hence, the observation of the time motion study cannot be generalized. But, the
results from the analysis of the time motion study are in correlation with the data and records of the
scans done during a day (from the records perused retrospectively) and hence, the time motion
study’s data was used for analysis and to find the utilization of the CT machine.

To assess the internal demand of additional cases, an unstructured, focused interview was done with
the Radiology department Consultants & technicians & the major referral departments, consisting
of General Medicine, General Surgery, Emergency Medicine Department, Orthopaedics &
Neuro-Surgery. The questions posed were limited to the Out-Patient Department as all the
In-Patients are allotted for scans in the CT department of the study hospital and scanned either on
appointment basis or via coordination with the Radiology department at night based on the severity
and urgency of the case. The following table summarizes the important points from the unstructured
interview along with the relevant suggestions/remarks:

S. No. Department

Average Number
of Referrals (Per
OPD day) Major Issues Reported Suggestions/Remarks

1 General Medicine 12

Nil per Oral for Contrast scans;
proximity of other CT centers
from the patients' houses makes
them prefer the other CT
centers if an appointment is
given.

Consultants are advised to recommend for
scans in the hospital as the images can be
retrieved from PACS for visualization;
patients' can be asked to take the
appointment for scan for the next follow-up
OPD day & report to the OPD for
consultation after the scan.

2 General Surgery 10

Appointment system leads to
delay; to avoid the appointment
system, patients are routed
through EMD

If an additional CT machine is procured, the
increased demand can be catered to.

3 Orthopedics 12

Appointment system leads to
delay; to avoid the appointment
system, patients are routed
through EMD

If an additional CT machine is procured, the
increased demand can be catered to.

4
Emergency
Medicine

20 Delays in shifting of patients
for scan (Manpower)

Better coordination between the nurses in
the EMD and CT department for preparation
and shifting of patients for scan.

5 Neurosurgery 5

Inconvenience to patients due
to shifting of patients from the
Super specialty to main
building

If an additional CT machine is procured and
stationed in the SSH, it will cater to the
additional demand and also be convenient
for the patients in SSH.

Total 59
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Table 15: Summary of feedback from Referral departments for CT scan

Thus, this internal potential was compared to the existing workload, and optimizing the process
flow of the existing CT machine, it was observed that there were still 45 cases that could be catered
to if an additional CT machine was procured.

Hence, it was concluded that there was a demand for additional CT scans which could not be
catered to by the existing CT machine. Hence, a recommendation for procuring an additional CT
machine is reported. For this a Feasibility report was prepared that was divided into two parts:
Operational feasibility & Financial feasibility. Operational feasibility was ascertained taking into
consideration Location, Area, Infrastructure & Manpower. After a site survey, the ground floor of
the Super Specialty hospital, where the canteen is currently existing, is recommended as a potential
site for the additional CT machine. The site is near the South Exit of the hospital and has a road for
movement and transport. Following this, a financial feasibility report was prepared that looked into
the Capital Expenditure, Operational Expenditure, Profit and Loss Statement and other financial
parameters for the additional CT machine. This is in line with another study conducted in a tertiary
care teaching hospital63 that calculated the Profit and Loss statement for a potential PET-CT
machine, using Capital Purchase & Revenue Sharing models. Since the study hospital of the
investigator was a tertiary care teaching hospital, the investigator used the Capital Purchase model
for the Financial Feasibility report. Further, the paper explored the various referral departments and
their potential clientele that would be the feeder for the PET-CT. This becomes a subjective estimate
and to remove this limitation, the investigator did an end to end workflow time motion study to find
the exact wheel-in-wheel-out time of the patients, and the challenges that can be overcome to
increase the number of scans that can be done on the existing machine. This was also supported by
an unstructured interview with the referral departments to find the potential demand of the OPD for
CT scans.

As per Dr. Shakti Kumar Gupta49, the following sequence is followed for designing and
construction of any project:
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Fig.-28: Sequence to prepare the Detailed Project Report

Further, he states that the feasibility report should deliberate on the following:
➢ View of health scenario in the regional level (Potential population and footfall)
➢ Data such as demographic & geographical.
➢ Health needs assessment of the catchment areas.
➢ Site/location of the proposed healthcare facility.
➢ Approximate costs and source of funding.
➢ Anticipated demand.
➢ Availability of other healthcare facilities in the area
➢ Anticipated revenue generation.

All of these factors were included by the investigator and are given in detail in the necessary section
of this thesis.

The parameters and calculations used for preparing the Financial Feasibility were as follows:

Capital expenditure or capital expense (capex or CAPEX) is the money an organization or
corporate entity spends to buy, maintain, or improve its fixed assets, such as buildings, vehicles,
equipment, or land.53 It is called a capital expenditure when the asset is newly purchased or when
money is used towards extending the useful life of an existing asset, such as repairing the roof.53

An operating expense, operating expenditure, operational expense, operational expenditure or
OPEX is an ongoing cost for running a product, business, or system .54
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An income statement or profit and loss account (also referred to as a profit and loss statement
(P&L), statement of profit or loss, revenue statement, statement of financial performance,
earnings statement, statement of earnings, operating statement, or statement of operations)55 is
one of the financial statements of a company that can be used to show the company's revenues and
expenses during a particular period.55

It indicates the revenues (also known as the “top line”) are converted into the net income or net
profit (which is the result after all revenues and expenses are accounted for). The purpose of the
income statement is to show managers and investors whether the company made money (profit) or
lost money (loss) during the period being reported.

Break even analysis56

CVP (Cost Volume Profit) analysis derives from the simple concept of calculating profit. Profit is
the difference between total revenue (total revenue) and total costs (total cost). In the break-even
condition, profit is taken as zero, then:

Profit = Total Revenue - Total Cost
Profit = (Price x Quantity) - Variable Cost - Fixed Cost
Profit = (P x Q) - (VC x Q) - FC

In the break-even condition, profit equals zero, then:
Profit = (P x Q) - (vc x Q) - FC = 0
(P - vc) Q = FC
Q = FC/(P-VC)

Note:
P = Price

vc = Variable cost per unit
FC = Fixed cost

Return on Investment57

Return on investment (ROI) is the ratio between net income (over a period) and investment (i.e.,
costs accumulated of an investment at the point of time of calculation). A high ROI means the
investment's gains compare favorably to its cost. As a performance measure, ROI is used to
evaluate the efficiency of an investment or to compare the efficiencies of several different
investments.

The basic formula for ROI is:

(Gain from Investment - Cost of Investment)/ Cost of Investment

Net Present Value (NPV)58
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Net Present Value applies to a series of cash flows occurring at different times. The present value of
a cash flow depends on the interval of time between now and the cash flow. It also depends on the
discount rate. NPV accounts for the time value of money. It provides a method for evaluating and
comparing capital projects or financial products with cash flows spread over time, as in loans,
investments, payouts from insurance contracts plus many other applications.

NPV is calculated as: Cash Flown / (1 +i)n

(where n is the duration of future cash flows; i is the discount/interest rate)

Internal rate of return (IRR)59

Internal Rate of Return is a method of calculating an investment’s rate of return. The term internal
refers to the fact that the calculation excludes external factors, such as the risk-free rate, inflation,
the cost of capital, or financial risk.

IRR is calculated exactly the same as Net Present Value(NPV), but it sets the NPV as zero.

Profitability Index (PI)60

Profitability index (PI), also known as profit investment ratio (PIR) and value investment ratio
(VIR), is the ratio of payoff to investment of a proposed project. It is a useful tool for ranking
projects because it allows you to quantify the amount of value created per unit of investment. Under
capital rationing, PI method is suitable because PI method indicates relative figure i.e. ratio instead
of absolute figure.

The ratio is calculated as follows:

Profitability index = Present value of future cash flows / Initial investment 60

Or

PI = [ CF1 × (1 + r) -1 + CF2 × (1 + r) -2 + . . . + CFn × (1 + r) -n ] / CF0

Payback Period61

Payback period in capital budgeting refers to the time required to recoup the funds expended in an
investment, or to reach the break-even point. For example, a $1000 investment made at the start of
year 1 which returned $500 at the end of year 1 and year 2 respectively would have a two-year
payback period. Payback period is usually expressed in years.
Payback period = Costs of the project(investment) / Annual cash inflows

All of these factors were considered as compared to the articles and papers noted and expanded on
in the Review of Literature. The calculations are explained in detail in the Observation section, a
summary of which is given in the Result section of this thesis. The specifications of the additional
CT machine & the planning of the site are beyond the scope of this thesis and can be further
explored.
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CONCLUSION

This thesis studied the Computed Tomography department of a tertiary care teaching hospital, along
with a need assessment and feasibility study for procuring an additional CT machine. It observed
the workflow, workload and staffing of the existing CT machine in the department, & did a need
assessment for an additional CT machine by looking at the current patient footfall and conducting
an unstructured interview with the user and referral departments. Once, the need for an additional
CT machine was identified, the investigator prepared a Feasibility Report, consisting of the
Operational feasibility and Financial feasibility. The Operational feasibility checked for the
feasibility of an additional CT machine on the basis of Location, Area, Infrastructure & Manpower.
For the Financial feasibility, it used various financial parameters and calculations to find the
feasibility of procuring an additional CT machine.

This thesis concludes that given the current footfall of patients for the CT scan, and the
potential demand for further scans, it is viable if the management decides to procure an
additional CT machine, which is backed with a Feasibility Report that is provided in detail.
Further site survey for potential stationing site and specifications of the additional CT machine can
be explored.

Limitation

➢ The values taken for the number of scans each year were available from 2016, while the
values used for breakdown of each type of scan were available only from 2021. Thus, the
average number of scans done (which includes 2016-2022), would not coincide with the
calculations done for the feasibility report which only takes the values of the year 2021 and
2022 for the calculation of revenue.

➢ The investigator realizes that the number of observations (34) for the time motion study
could have been more and that is a limitation of the study and hence, the observation cannot
be generalized. But, the results from the analysis of the time motion study are in correlation
with the data and records of the scans done during a day (from the records perused
retrospectively) and hence, the time motion study’s data was used for analysis and to find
the utilization of the CT machine.

➢ The decision to make the revenue calculations for the additional CT machine taking the
initial scans as 45, this value was an estimated value arrived at using calculations by
correlating the observation from the number of scans done in a day, followed by using a
value after optimizing the Utilization rate of the CT machine, and the unstructured interview
with the Consultants of the Radiology department and the Referral department. This value
was also taken using a conservative approach to minimize losses, and the growth rate for the
same reason was taken as 8.1%, which was the current CT machine’s growth rate, and did
not take into consideration the future expansion of the hospital which might lead to an
increase in this value of 45 scans a day from the initial phase itself.
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➢ While calculating the Capital expenditure for the additional CT machine, The MoU taken
from the Purchase department was used to get an estimate on the Capital expenditure for the
additional CT machine. It was assumed that the machine that will be bought will also be 128
slices. For further scope of study, a study can be on whether a 128 slice CT machine should
be procured or a lower slice CT machine would suffice to cater to the increased cases.

➢ This thesis evaluates on the workflow, staffing, workload along with layout, area and
stratification of a CT department; using which, a need assessment and feasibility study for
procurement of an additional CT machine was done using the current patient pattern &
footfall on the existing CT machine..It limits itself to the specific objectives and further
steps post decision of procurement are not discussed, ie., a comparative on the machines
available and the specifications of the potential new machine along with the survey site for
the location of the additional CT machine.
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