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1. Introduction
Medical imaging units especially those serving emergency and patients of infectious diseases are one
of the front lines of medical field that deals with patients just presented to hospital. This makes it
more liable for contamination by any organisms that patient may infected or carrying it. It is more
complicated if the patient has active bleeding either traumatic or due to medical cause of active
bleeding as epistaxis, hematemesis or genitourinary bleeding. Body fluids and discharges are
generally a source of good media for infection spread. Understanding basics and essentials of
infection control is mandatory either for radiology doctors or for paramedical team and non-medical

workers in radiology department (Amer & Rosenthal, 2021).

2. Basics of Infection control

Infection Prevention & control has two main aims, prevention of infection occurrence and control of
existing infection to be spread. Infection cycle is mainly formed of source of infection, organism,
method of spread and infection host. Breakdown of this cycle in more than one site is the main IPC
target, while prevention of the cycle from beginning is the best and the aim of infection prevention.
IPC standard precautions should be applied in every medical unit including radiology department,
which are hand hygiene, proper using of personal protective equipment, using disposable tools with
proper dispose of it, and regular and proper use of disinfectors according to the aim of use. IPC
process ideally should be applied from the beginning in the design and structure of the building and
proper choose of its finish (e.g., woody floors are not allowed for medical use as it harboring organism
with very difficult disinfection of it). Good and standardized ventilation is a main step in IPC which
may be different according to type of suspected infection at the targeted room (e.g., Ventilation and
air conditioning criteria of chest infections inpatient rooms are much different than non-crowded
waiting rooms) (IPC Australian guidelines 2019).

Disinfectors are variable according to type of targeted surfaces and organism. The commonest, most
effective and most cheap one is diluted chlorine (the only method of floor blood spots disinfection).
Alcohol is the main for hand hygiene and surfaces contacting hands, while Cidex for disinfection of
instruments. Other methods of IPC are also available and some of it may have a role in radiology
department (eg. Hot ovens and autoclaves for non-disposable instruments compatible with it).
Disinfection and sterilization of the same instrument may be differed if it is confirmed to be
contaminated by certain organism infected secretions (e.g., Instruments sterilization after procedure
of patient infected with TB, HIV or HCV) (llyas F. et al., 2019).

3. IPC in Radiology Units :
Radiology is divided into two main branches diagnostic and interventional. IPC is mandatory for both

but it may be more complicated in interventional unit because of its more invasive procedures.
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Generally, there is shortage of knowledge about IPC among radiology workers (Mirza et al., 2015).

The first step for proper infection prevention on the surfaces of different medical imaging machines
is consulting vendor for most suitable disinfector. This is very important for the integrity of the
machine according to its structure and how to use it (Abuzaid et al., 2022). IPC parameters and steps are
different according to type of contamination, expected organism and type of its spread (e.g., In CT
Unit the methods of infection control for blood spots are much different than those for contact with
COVID-19). Ultrasound, X ray and CT are the most common Modalities that has direct contact with
ER patients which usually not completely prepared for this examination. MRI has relatively less
contact with ER or non-scheduled patients, this gives it a better chance for applying of IPC (F. Amer
and V. Rosenthal, 2021). The initial and ideal process for infection prevention in radiology department
is Specification of imaging machine (CT, or US) for infectious patients if possible and dealing with
its waiting rooms as infected zones with required regulations of increase spaces in between persons
and decrease waiting time as much as possible with specific passages for this patient and associated
using of proper PPE, this is. While if There is only one machine for all patient excessive precautions

will be the only way for infection control (Qu & Yang 2020).

4. PPE In Radiology department:

Radiology department has two main types of PPE , The usual disposable PPE for prevention of
infection ( as disposable latex and plastic gloves, gowns, masks, overhead , over shows , etc.) and
other non-disposable heavy lead loaded PPE for radiation ( as lead apron , lead googles, lead gloves,
neck collar ) which are highly liable for infection and must be properly disinfected according to its
material and structure with applying the ideal instructions of keeping (e.g. lead aprons must be kept
hanged , never to be crinkled to avoid lead cracks that will permeate X ray through it and defuse its
radiation protective function) (Amer & Rosenthal, 2021).

5. IPC in Ultrasound Units:
The ultrasound is relatively the easier modality for applying infection control measures. The probe is
mostly the main part of the machine that contacting patients "Fig 1" but also Cords and keyboards
are liable to infection (Amer & Rosenthal, 2021). Probe contamination with blood or other body fluid

needs more cautious disinfection by vendor recommended solution, A disposable sterile

latex covers on top of probe are much more indicated when examining a patient has active bleeding
or leakage of body fluids or non-intact skin. This will make the disinfection of the probe easier and
more effective than using it uncovered and sterile it after the end of the scan. The integrity of the
permanent plastic cover of the probe is mandatory for ultrasound image integrity so the solutions used
for sterilization of probe must be compatible with its plastic covering material better to be

recommended by vendor) (Thiagarajah et al., 2021).
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Fig.1 US Probes (Transducers) the most liable part for contamination and transmitting infection.

Soiling of Ultrasound table is not a challenge as it can be completely changed if it was significantly
soiled by body fluid until to be completely disinfected. The situation is more difficult in Computed
Tomography, the patient surface area contact with CT is much wider than with Ultrasound, and the
parts of CT are fixed and cannot be removed or transported, so in cases of active bleeding or body
fluids leakage the table of CT is the most liable for soiling and infection. The disinfecting or sterilizing
solutions if used with excess amount especially on motile parts of CT (as table and gantry) this may
hurts the electronic boards of it and cause malfunction or complete stop of the machine, Gel
temperature increasing can promote infection, although gel warming is important for patient comfort
especially children, but it can be a potential source of infection transmission from bottle to other even
if bottles are disposable "Fig 2&3 " (Mirza et al., 2015).

Fig.2 US bottles, better to be disposable after emptying, if necessary, refill must be under caution of
contamination with applying date of filling.



10.21608/SJYR.2024.267580.1396
5 of

Fig 3 US bottle warming device which may be a potential source of infection transmission from bottle
to other.

US procedures and probe types are classified into ""table 1" non-critical; examination with healthy
skin, Semi-critical; endo cavitary procedures contact with mucous membranes (vaginal, rectal,
esophageal) or non-intact skin or a device that contacts mucous membranes and Critical;
intraoperative, immunocompromised, or critically- ill patients, accordingly disinfection occurs a
explained in (Australas. J. Ultrasound Med. 2017).

Table 1. Transducer processing according to Spaulding Classification ( Rutala & Weber 2020)

Transducer Non- critical Semi- critical Critical
category
Disinfection Disinfection (High Level) Sterilization after cleaning
Decontami- (Low level) after cleaning (Or use high level disinfection,
after cleaning (Or maximum possible then use sterile cover and sterile gel)
nation required disinfection)
multi-use gel bottle sterile cover and sterile gel sterile cover and sterile gel
Cautions Do not use a multi-use gel bottle Do not reuse once opened

US gel is a good media for infection transmission, either by gel material or by containing bottle.
Using of disposable bottle after every scan is very expensive and mostly non applicable. The rotatory
disinfection of bottles with applying dates of use is an alternative solution with caution of using it
and avoid any contact between its orifice and any surface especially patient body. Sterile gel must be

used semi critical and critical US scans (Amer & Rosenthal, 2021).

6. COVID-19, a real challenge in Radiology Departments:
Infection control at the time of COVID-19 was a challenge in radiology department especially in CT
as it is the main modality of choice for diagnosis and differentiation of suspected cases which make
Radiology team (Doctors, technician and paramedical personals) were in higher risk to infection, the

CT machines and rooms itself were a media of transmission of the virus to others. COVID-19 a type
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of coronavirus and the 7!" one of this type that attacking human and human to human transmission by

droplets and direct contact cause the world wise outbreak that began at China at Dec 2019 and spread
day by day all over the world, which became a real challenge for all measures of infection control.
radiology units were considered one of the front lines in dealing with this outbreak. Infection with
SARS-CoV-2 was an occupational health problem with an unexpected risk of morbidity and mortality
exhibited a wide spectrum of disease severity ranging from asymptomatic cases to moderate
respiratory illness or other non-respiratory (e.g., GIT) presentation (M. Seif et al., 2021). The virus
has been reported to remain viable for 3 hours in aerosols and for up to 72 hours on plastic and
stainless-steel surfaces; (median estimated half-lives about 1.1-1.2 h. in aerosols, 5.6 h on stainless
steel, and 6.8 h on plastic) makes disinfection procedures more complicated. the use of PPE
(protective personal equipment) and applying proper hand-hygiene practice are important protective
tools during this pandemic. COVID-19 was a real challenge for radiology department not only for
the measures and process of infection control and the load of coasts of using proper and enough PPE
but also because it add a significant change in the arrangement of department waiting areas and
required spaces between patients (Qu. & Yang 2020). The infection control of CT units after scanning
of a suspected case of COVID-19 is ideally done use of an air disinfector that was equipped with a
maximum air volume of 4000 m3/h. UV light (30 W; to be effective, and intensity must be > 70
uW/ecm2 per meter) should be used for examination room disinfection 3 times / day when
examinations are not taking place, at least 30 minutes each time. Non plastic equipment surfaces,
radiation protection items, and doorknobs should be disinfected with a solution that is at least 75%
alcohol or with alcohol-containing wipes after each scan. Plastic surfaces should be cleaned only with
soap solution. For uncertain material of an equipment surface, they should contact the equipment
vendor to determine appropriate methods for disinfection. Caution is a must when using disinfectant
sprays, because they may penetrate inside equipment, resulting in short circuits, metallic corrosion,
or other damages. The floor of scanning room should be disinfected with chlorine (2000 mg ClI/ 1 L
of water) twice per day or more, any visible contaminants should be completely removed with
disposable absorbent material with the surrounding area subsequently disinfected. All patient
secretions or body fluids should be regarded as infectious medical waste and managed in strict
accordance with regulations on the management of medical wastes (Qu etal. 2020).

Covering CT Table by disposable cover after each scan is not enough alone for infection control in
CT unit "Fig 4" as this cover must be has certain physical criteria as to be non-permeable, made of
antimicrobial material. Disposing of it will be differ according to its state of integrity or being soiled
by any of body fluid or not. Soiling of disposable cover with body fluid needs more caution in dealing
with it and proper dispose. CT Unit is one of the main corners of COVID-19 triage units. Limited
availability of CT in hospitals dealing with COVID-19 cases make the load higher on hospitals
contains CT (for example Sohag university hospital CT unit was serving many central hospitals that

did not contains CT which was a real overload on the CT unit and Triage unit of Sohag University
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Hospital that make applying of ideal prevention measures with required time gap in between scan of

infected cases nearly impossible). The time required for proper disinfection may was an obstacle of
using machine especially when single machine used for large number of patients. Injectors are a very
common source of infection at CT units which needs more care in handling with a sterile glove and

avoid any reuse of disposable part (Amer & Rosenthal, 2021).

Fig.4 Disposable cover's role of CT table

PACS and teleradiology has a very important role in limitation of infection and exposure of radiology
doctors to COVID-19 and it was an indirect method of infection prevention and control. Any
interruption of PACS at this time was adding a more load on the process and coasts of infection
control process (Abodahab et al., 2020). Al "Artificial Intelligence™ also has additive role in infection
prevention by using the soft wares that enable radiographers to do scan without leaving control room

which provide no contact with patients (Qu et al. 2020.

7. Infection control and Interventional Radiology:
The interventional radiology unit is more similar to surgical specialties than medical one. Wide
variety of interventions can be done in radiology department either diagnostic or therapeutic.
Intervention radiology in general is a minor invasive procedure but still invasive and has more
liability of contact to blood, body fluids and/or infected tissues. Most of used instruments are
disposable (e.g., cannulas, catheters, torchers, guiding wires) but some of it are non-disposable (as
biopsy guns), and needs to be sterilized after each use. Dealing with disposed instruments must be
standardized according to types of this wastes. Non-disposable instruments (As biopsy gun) should
be disinfected according to material made of, whether it is compatible with heat (Amer & Rosenthal,

2021) (O’Leary et al., 2008).
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8. Summary & Recommendations:

In Radiology department the basic hygiene measures are initially requires as any other medical

specialty. We can summarize important points as follow:

IPC is mandatory in radiology department different units due to the wide number and type of
patients contact it (in and Outpatients, medical and surgical)

IPC disinfectors used in radiology department are different according to targeted surface or
machine.

IPC solutions used in general are: Diluted Chlorine for floors and surfaces, Cidex for
instruments, Alcohol for hand contacting surfaces and hands hygiene.

The best disinfector of every radiology machine is that recommended by its vendor and using it
with its recommended way of use. Maintenance contracts with machines vendors must involve
these points.

The steps of IPC are different according to type of organism and its transmission (e.g., IPC of
COVID-19 is different than IPC of HCV)

Using of PPE in radiology department is different according to the procedure and patient
suspected infection (e.g., PPE in Usual US scan by using latex gloves and surgical mask, while
in contact with suspected patient with COVID-19 more PPE will be needed as gown, N 95 mask
for TB protection not usual masks .... etc.)

Radiology team must be aware with the basics of IPC and consulting IPC specialist in any
emerging or complicated conditions.

Portable imaging devices "machines or Xray cassettes "Fig 5" are a potential source of infection
transmission in between different rooms of hospital and must be strictly disinfected

Consulting IPC department is the best way for proper solution of any emerging or complicated
topics.

WHO online free certified training courses are available and recommended (e.g., How to use

PPE), Link: https://openwho.org/courses/

Suggested idea: "Thin sheathed single use small dose of US gel": US gel supplying in a small
thin sheathed plastic sealed covers that’s contains small amount of gel for single use "e.g., 50 ml",
which will keep it sterile, reduce the price of using disposable bottles or repeated disinfection of

it avoid the side effects of repeated use of it.
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Fig.5 X ray Cassettes a potential way of infection transmission if not disinfected properly

9. Conclusion :

Infection control is a mandatory process in all medical departments. Radiology department is usually
contacting large number of patients of different medical verities which make it more liable for
variable infections and needs more measures for infection control. Infection control measures in
radiology unites are quite different according to type of infection and nature of imaging machine.
Understanding of basics and essentials of infection control is mandatory for radiology doctors,
paramedical and non-medical team in radiology department . Other than the usual infection control
measures Consulting machine vendor for using appropriate disinfector for the machine is mandatory
for its proper work. Continuous guidance, follow-up and training are very important to improve
quality and affectivity of infection prevention and control.
Abbreviations:

- Al Atrtificial intelligence

- Cl Chlorine

- CT Computed Tomography

- COVID Corona Virus Disease

- hHour

- HCV Hepatitis C Virus

- HI Human Immunodeficiency Virus

- IPC Infection Prevention &Control
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- L Liter

- MRI Magnetic Resonance Imaging

- PACS Picture Archiving & Communication System
- PPE Personal Protective Equipment

- TB Tuberculous Bacilli

- US Ultrasound

- UV Ultraviolet

- WHO World Health Organization
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