Chapter 6
Internet Technologies for Drug Safety

Check for
updates

6.1 Background

Internet technologies refer to the various tools, protocols, and applications used to
access, manage, and exchange information over the internet. Some of the most
important internet technologies include [1-4]:

1.

World Wide Web (WWW): The World Wide Web, or simply the Web, is a
system of interconnected documents and resources that are accessed using a
browser. It is the most popular internet technology and enables users to access
a vast array of information and services.

Hypertext Transfer Protocol (HTTP): HTTP is the underlying protocol used to
transfer data over the Web. It specifies how messages are formatted and trans-
mitted, and how servers and clients interact with each other.

Transmission Control Protocol/Internet Protocol (TCP/IP): TCP/IP is the
fundamental protocol used for communication on the internet. It defines how
data is transmitted between devices and networks and ensures that data is sent
and received correctly.

Domain Name System (DNS): DNS is a system that translates domain names
(such as www.example.com) into IP addresses (such as 192.0.2.1) that are used
to locate resources on the internet.

Email: Email is a protocol for sending and receiving messages over the internet.
It allows users to communicate with each other using a system of mail servers
and clients.

File Transfer Protocol (FTP): FTP is a protocol for transferring files over the
internet. It allows users to upload and download files between computers and
servers.

Secure Sockets Layer/Transport Layer Security (SSL/TLS): SSL and TLS are
protocols that provide secure communication over the internet. They are used to
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encrypt data and ensure that it cannot be intercepted or tampered with by unau-
thorized parties.

Voice over Internet Protocol (VoIP): VoIP is a technology that allows voice
communication over the internet. It enables users to make phone calls using a
broadband internet connection instead of traditional phone lines.

Instant Messaging (IM): IM is a type of online chat that allows users to exchange
text messages in real time. It is often used for informal communication between
friends and colleagues.

Social Media: Social media refers to arange of online platforms and technologies
that enable users to create, share, and exchange content with each other.
Examples include Facebook, Twitter, Instagram, and YouTube.

Internet technologies have greatly impacted patient care, safety, and drug safety.

Here are some examples [1-7]:

1.

Electronic Health Records (EHRs): EHRs are digital records of a patient’s health
information that can be accessed by authorized healthcare providers. They
improve patient safety by reducing errors and improving communication
between healthcare providers.

. Telemedicine: Telemedicine involves the use of internet and video conferencing

technologies to provide remote medical care. It improves patient access to care,
especially for those who live in remote areas or have mobility issues.

. Health Information Exchange (HIE): HIE enables the secure sharing of patient

health information between healthcare providers. This improves patient safety
by ensuring that healthcare providers have access to the most up-to-date and
accurate patient information.

. Medication Management Systems: Medication management systems use internet

technologies to track medication usage and remind patients to take their
medications. This improves patient safety by reducing medication errors and
improving medication adherence.

. Mobile Health Apps: Mobile health apps enable patients to track their health

status, communicate with healthcare providers, and receive personalized health
recommendations. They improve patient safety by empowering patients to take
an active role in their own healthcare.

. Drug Interaction Checkers: Drug interaction checkers are online tools that allow

healthcare providers and patients to check for potential drug interactions before
prescribing or taking medications. This improves drug safety by reducing the
risk of adverse drug reactions and interactions.

. Pharmacovigilance: Pharmacovigilance involves the monitoring and reporting

of adverse drug reactions. The use of internet technologies has greatly improved
the efficiency and accuracy of pharmacovigilance systems, enabling healthcare
providers to quickly identify and respond to potential drug safety issues.

Overall, internet technologies have revolutionized patient care, safety, and drug

safety, enabling healthcare providers to provide more efficient and effective care,
while reducing the risk of adverse events.
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6.2 History of Internet Technologies

The history of internet technologies can be traced back to the 1960s, when the US
Department of Defense created the ARPANET (Advanced Research Projects
Agency Network) as a means of sharing research data between universities and
research institutions. The ARPANET was the first wide-area network to use packet
switching, a technology that allowed data to be transmitted in small packets across
multiple networks, and eventually formed the basis for the modern internet [1-7].

In the 1970s, the development of the TCP/IP (Transmission Control Protocol/
Internet Protocol) suite of protocols enabled different networks to communicate
with each other, allowing the ARPANET to expand and eventually become the
internet. The development of the Domain Name System (DNS) in the 1980s made
it easier to access websites by allowing users to type in domain names instead of
numerical IP addresses.

In the 1980s, the development of TCP/IP protocol allowed for more efficient
communication between computers, and the Domain Name System (DNS) was
introduced, allowing for the use of domain names instead of IP addresses.

The 1990s saw the explosion of the World Wide Web, which was created by Tim
Berners-Lee at CERN in Switzerland in 1989. The Web made it easy to share and
access information using a simple, user-friendly interface, and its popularity quickly
grew. The development of web browsers like Mosaic and Netscape made it even
easier for users to access and navigate the Web. It is allowing for the creation and
sharing of multimedia content and paving the way for the modern internet as we
know it today. Other key developments in the 1990s include the introduction of web
browsers, search engines, and e-commerce platforms.

In the 2000s, the rise of social media platforms such as Facebook and Twitter
transformed the internet from a platform for accessing information to a platform for
social interaction and communication. The proliferation of mobile devices and the
development of wireless internet technologies like Wi-Fi and cellular networks
made it possible to access the internet from virtually anywhere.

Today, internet technologies continue to evolve and shape our lives in new and
exciting ways. From the Internet of Things (IoT) to artificial intelligence (AI) and
virtual reality (VR), the possibilities are endless [1-7]:

6.3 Rationality of Internet Technologies for Drug Safety

Internet technologies have a significant impact on drug safety by enabling healthcare
providers and patients to access and share information about medications, potential
side effects, drug interactions, and adverse events. Here are some of the ways in
which internet technologies improve drug safety [1-7]:

1. Drug information websites: There are many websites that provide detailed
information about medications, including dosage, side effects, drug interactions,
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and precautions. These websites allow patients and healthcare providers to
access accurate and up-to-date information about medications, which can help
them make informed decisions about treatment.

2. Online drug interaction checkers: Online drug interaction checkers are tools that
allow patients and healthcare providers to check for potential drug interactions
between different medications. These checkers can help prevent harmful interac-
tions that could result in adverse events.

3. Mobile health apps: Mobile health apps can help patients track their medication
usage, set reminders to take medications, and receive personalized recommenda-
tions for medications and dosages. These apps can improve medication adher-
ence, which is a key factor in drug safety.

4. Electronic prescribing: Electronic prescribing systems enable healthcare
providers to send prescriptions directly to pharmacies, reducing the risk of errors
that can occur with paper-based prescribing systems.

5. Social media monitoring: Social media platforms are increasingly being used to
report adverse drug reactions and other medication-related issues. Healthcare
providers and regulatory agencies can use social media monitoring tools to iden-
tify potential safety concerns and respond quickly to emerging issues.

Overall, internet technologies have revolutionized drug safety by enabling
patients and healthcare providers to access accurate and up-to-date information
about medications, identify potential drug interactions, improve medication adher-
ence, and report adverse events in real time. By improving the safety and effective-
ness of medications, internet technologies have the potential to improve health
outcomes and reduce healthcare costs.

6.4 Importance of Internet Technologies for Drug Safety

Internet technologies play a vital role in drug safety, helping to improve the accuracy,
speed, and efficiency of pharmacovigilance activities. Here are some of the keyways
in which internet technologies are important for drug safety [1-7]:

1. Rapid access to information: Internet technologies enable healthcare providers,
patients, and regulatory agencies to quickly access up-to-date information about
medications, including drug interactions, side effects, and dosages. This helps to
ensure that medications are prescribed and used safely and effectively.

2. Improved pharmacovigilance: The internet has made it easier for healthcare
providers and patients to report adverse drug reactions and other medication-
related issues. This has led to improved pharmacovigilance and better patient
outcomes.

3. Enhanced medication adherence: Mobile health apps, online drug information
resources, and electronic prescribing systems can help improve medication
adherence, which is a key factor in drug safety. By improving medication adher-
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ence, internet technologies can help reduce the risk of adverse events and
improve patient outcomes.

. Better communication: Internet technologies enable healthcare providers and

patients to communicate more effectively about medications and treatment
options. This can help ensure that patients receive the right medications at the
right dosages, reducing the risk of adverse events.

. Real-time monitoring: Internet technologies enable real-time monitoring of

medication use and adverse events, which can help healthcare providers and
regulatory agencies quickly identify and respond to emerging drug safety issues.

Overall, the importance of internet technologies for drug safety cannot be

overstated. By improving access to information, enhancing pharmacovigilance,
improving medication adherence, facilitating communication, and enabling real-
time monitoring, internet technologies are helping to ensure that medications are
used safely and effectively, improving patient outcomes and reducing healthcare costs.

6.5 Applications of Internet Technologies for Drug Safety

Internet technologies are being used in various applications to improve drug safety.
Here are some examples [1-7]:

1.

Drug information websites: Websites such as the National Library of Medicine’s
DailyMed and Drugs.com provide accurate and up-to-date information about
medications, including dosage, side effects, drug interactions, and precautions.
These websites allow patients and healthcare providers to access reliable infor-
mation about medications, which can help them make informed decisions about
treatment.

Mobile health apps: There are many mobile health apps available that can help
patients track their medication usage, set reminders to take medications, and
receive personalized recommendations for medications and dosages. These
apps can improve medication adherence, which is a key factor in drug safety.
Electronic prescribing: Electronic prescribing systems enable healthcare
providers to send prescriptions directly to pharmacies, reducing the risk of
errors that can occur with paper-based prescribing systems. Electronic
prescribing also allows healthcare providers to check for potential drug
interactions and allergies before prescribing medications, improving drug safety.
Social media monitoring: Social media platforms are increasingly being used to
report adverse drug reactions and other medication-related issues. Healthcare
providers and regulatory agencies can use social media monitoring tools to
identify potential safety concerns and respond quickly to emerging issues.
Online drug interaction checkers: Online drug interaction checkers are tools
that allow patients and healthcare providers to check for potential drug interac-
tions between different medications. These checkers can help prevent harmful
interactions that could result in adverse events.
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6. Real-time monitoring systems: Real-time monitoring systems can track
medication use and adverse events in real time, enabling healthcare providers
and regulatory agencies to quickly identify and respond to emerging drug
safety issues.

7. Patient portals: Patient portals are secure online platforms that allow patients to
access their medical records, communicate with healthcare providers, and
manage their healthcare needs. Patient portals can be used to provide patients
with information about their medications, including dosages, instructions, and
potential side effects, improving patient education and medication adherence.

8. Clinical decision support systems: Clinical decision support systems (CDSS)
are software systems that provide healthcare providers with information and
guidance on medication use and dosages based on patient-specific data, such as
medical history and lab results. CDSS can help healthcare providers make
informed decisions about medication use and dosages, reducing the risk of
adverse events.

9. Telehealth: Telehealth is the use of internet technologies to deliver healthcare
services remotely. Telehealth can be used to provide medication management
services, monitor patients for adverse drug reactions, and provide patient edu-
cation about medications, improving medication adherence and reducing the
risk of adverse events.

10. Big data analytics: Big data analytics can be used to analyze large datasets of
medication use and adverse events, identifying patterns and trends that can help
healthcare providers and regulatory agencies identify potential safety concerns
and respond quickly to emerging issues.

Overall, these applications of internet technologies for drug safety demonstrate
the potential of technology to improve medication safety, reduce healthcare costs,
and improve patient outcomes.

6.6 Advantages of Internet Technologies for Drug Safety

Internet technologies offer several advantages for drug safety [5-7], including:

1. Faster access to information: Internet technologies allow healthcare providers
and patients to access information about medications more quickly than ever
before. This can help ensure that medications are prescribed and used safely and
effectively.

2. Improved pharmacovigilance: Internet technologies have made it easier for
healthcare providers and patients to report adverse drug reactions and other
medication-related issues. This has led to improved pharmacovigilance, which
helps to identify safety issues and improve patient outcomes.

3. Enhanced medication adherence: Mobile health apps, online drug information
resources, and electronic prescribing systems can help improve medication
adherence, which is a key factor in drug safety. By improving medication adher-
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ence, internet technologies can help reduce the risk of adverse events and
improve patient outcomes.

. Better communication: Internet technologies enable healthcare providers and

patients to communicate more effectively about medications and treatment
options. This can help ensure that patients receive the right medications at the
right dosages, reducing the risk of adverse events.

. Real-time monitoring: Internet technologies enable real-time monitoring of

medication use and adverse events, which can help healthcare providers and
regulatory agencies quickly identify and respond to emerging drug safety issues.

. Increased efficiency: Internet technologies can automate many drug safety

processes, such as adverse event reporting and drug interaction checking. This
can help reduce errors and improve efficiency, allowing healthcare providers to
focus on patient care.

Overall, the advantages of internet technologies for drug safety are significant.

By improving access to information, enhancing pharmacovigilance, improving
medication adherence, facilitating communication, enabling real-time monitoring,
and increasing efficiency, internet technologies are helping to ensure that medica-
tions are used safely and effectively, improving patient outcomes and reducing
healthcare costs.

6.7 Disadvantages of Internet Technologies for Drug Safety

While internet technologies offer many benefits for drug safety, there are also some
potential disadvantages that should be considered [1-7]:

1.

Privacy and security concerns: Internet technologies can create privacy and
security concerns, particularly when sensitive healthcare information is shared
online. Patients and healthcare providers need to be aware of the risks of data
breaches, hacking, and other security threats, and take steps to protect patient
information.

Information overload: With so much information available online, it can be
difficult for patients and healthcare providers to sift through the data and identify
accurate and reliable information. Patients may also be overwhelmed by the
amount of information available, making it difficult to make informed decisions
about their medications.

. Reliance on technology: While internet technologies can improve medication

safety and effectiveness, there is a risk that healthcare providers may rely too
heavily on technology and not use their clinical judgment to make informed
decisions about medication use.

Inequitable access: Not all patients have access to the internet or the technology
needed to take advantage of these applications. This can create inequities in
access to information and healthcare services, particularly for disadvantaged
populations.
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. Lack of regulation: The internet is largely unregulated, which means that some

drug information websites and other online resources may provide inaccurate or
misleading information. Healthcare providers and patients need to be cautious
when using online resources and verify the accuracy of the information they
receive.

Overall, while the disadvantages of internet technologies for drug safety are

important to consider, they do not outweigh the potential benefits of these technolo-
gies. By taking steps to address privacy and security concerns, ensuring access to
reliable information, and using technology as a tool to support clinical judgment,
healthcare providers can help ensure that internet technologies are used safely and
effectively to improve medication safety and patient outcomes.

6.8 Tips for the Best Practice

Here are some tips for healthcare providers to use internet technologies for drug
safety best practices [1-7]:

1.

Use reputable sources: Healthcare providers should use reputable sources of
information about medications, such as the National Library of Medicine’s
DailyMed and Drugs.com. These websites provide accurate and up-to-date
information about medications, including dosages, side effects, drug interac-
tions, and precautions.

Keep patient privacy and security in mind: Healthcare providers should ensure
that patient information is protected when using internet technologies. They
should use secure platforms to communicate with patients, verify patient identi-
ties before sharing information, and follow HIPAA regulations.

. Verify information: Healthcare providers should verify the accuracy and

reliability of information obtained from internet technologies before making
any medication-related decisions. They should cross-check information from
multiple sources and consult with colleagues or experts if necessary.

Monitor patient adherence: Healthcare providers should use internet
technologies to monitor patient medication adherence, such as mobile health
apps and electronic prescribing systems. This can help identify potential
medication-related issues early and improve medication safety.

Stay up-to-date: Healthcare providers should stay up-to-date on the latest
developments in internet technologies for drug safety. This can include attending
conferences, reading relevant journals, and participating in online forums and
discussion groups.

Use clinical judgment: While internet technologies can provide valuable
information and support for medication-related decisions, healthcare providers
should always use their clinical judgment when making treatment decisions.
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They should consider patient-specific factors such as medical history, allergies,
and other medications when making medication-related decisions.

Health literacy: Patients with low health literacy may struggle to access and
understand information about their medications online. Healthcare providers
should be aware of the potential challenges that patients with low health literacy
may face and provide additional support and education as needed.

Information overload: Patients may be overwhelmed by the amount of
information available online about their medications. Healthcare providers
should provide patients with clear, concise information about their medications
and help them understand how to use online resources effectively.

. Language barriers: Patients who do not speak the primary language used in

their healthcare system may have difficulty accessing and understanding infor-
mation about their medications online. Healthcare providers should ensure that
information is available in multiple languages to address language barriers.
Adherence to guidelines: Healthcare providers should ensure that they are
following evidence-based guidelines when using internet technologies for drug
safety. They should consult guidelines such as those provided by the FDA and
CDC to ensure that their practices are in line with best practices.

Resource allocation: Healthcare providers may need to allocate resources to
implement and maintain internet technologies for drug safety. This can include
financial resources, IT support, and staff training. Healthcare providers should
ensure that they have the resources necessary to implement and sustain these
technologies.

Provide patient education: Healthcare providers should educate patients about
the benefits and limitations of internet technologies for drug safety. They should
also teach patients how to access and use reliable online resources to learn
about their medications and manage their health.

Collaborate with other healthcare providers: Internet technologies can facilitate
collaboration between healthcare providers, including pharmacists, nurses, and
physicians. Healthcare providers should use these technologies to collaborate
and share information about medication-related issues.

Use medication reconciliation: Medication reconciliation is the process of
comparing a patient’s current medication regimen to their medication history to
identify discrepancies and ensure safe and effective medication use. Healthcare
providers can use internet technologies, such as electronic health records, to
perform medication reconciliation more efficiently and accurately.

Use alerts and reminders: Healthcare providers can use internet technologies to
set up alerts and reminders for medication-related tasks, such as refilling pre-
scriptions, taking medication on time, and monitoring for side effects. These
technologies can help improve medication adherence and prevent medication-
related problems.

Monitor adverse events: Healthcare providers should monitor for adverse events
related to medication use and report them to the appropriate agencies. Internet
technologies can be used to facilitate adverse event reporting and help identify
potential medication-related safety concerns.
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6.9 Conclusion

Internet technologies have revolutionized the way healthcare providers manage
drug safety. These technologies provide access to reliable information, facilitate
communication and collaboration, and help identify potential medication-related
problems early. While there are some disadvantages and challenges associated with
using internet technologies for drug safety, the benefits outweigh the risks when
these technologies are used effectively and appropriately. Healthcare providers can
use internet technologies to improve medication safety and patient outcomes by fol-
lowing best practices, staying up-to-date with the latest developments, and consid-
ering patient-specific factors when making medication-related decisions. By using
internet technologies to enhance drug safety, healthcare providers can provide better
care to their patients and improve the overall quality of healthcare delivery.
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