Cybersecurity Risks in the Era
of Automated IVF

!ﬁe growing a@ ttlon o! %vanced technologies in IVF laboratories has
dramatically improved efficiency, traceability, and data management.
Automation reduces transcription errors, enhances consistency, and
allows unprecedented output through tools such as microfluidics, Al,
IoT-enabled equipment, and lab-on-a-chip platforms. Yet, alongside
these benefits comes heightened vulnerability: cyberattacks. Breaches in
access, ransomware incidents, and system disruptions can halt IVF
operations and compromise patient confidentiality.

This presentation explores the risks posed by cyberattacks to assisted
reproduction, presents a hypothetical ransomware case study, and
provides practical recommendations for resilience, including
cybersecurity safeguards and manual contingencies.

by Fertility Guidance Technologies



The Digital Revolution in IVF
R

Streamlined Documentation

Electronic medical records (EMRs) enable seamless documentation and reporting,
reducing transcription errors and improving data accuracy across all IVF procedures.
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Enhanced Traceability

Advanced tracking systems provide unprecedented visibility into sample handling,
procedure timelines, and patient care pathways throughout the reproductive
process.
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Real-Time Analysis

Al-powered systems deliver instant data analysis, enabling immediate decision-
making and optimized treatment protocols for better patient outcomes.




The Dark Side of Digital Transformation

Digitalization in healthcare has brought undeniable advantages, but reliance on interconnected
systems also exposes critical weaknesses. Fully automated laboratories controlled by
sophisticated software are susceptible to the same threats that have already disrupted hospitals

worldwide.
Cyberattacks can breach confidentiality, compromise patient care, and impose devastating

financial and reputational costs. The consequences extend beyond data loss to include

operational shutdowns, compromised embryo viability, and irreversible damage to patient trust.

Another concern is generational workforce turnover. Embryologists trained exclusively on
automated systems may lack confidence in manual techniques, leaving laboratories ill-prepared
to function during system outages.

®  critical Reality: IVF labs must preserve manual

competencies while building robust contingency
plans to remain resilient against cyber threats.



Common Cybersecurity Threats
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Social Engineering (Phishing)

Deceptive emails or messages that trick staff into revealing
credentials or clicking malicious links. These attacks exploit
human psychology rather than technical vulnerabilities.

* Fake vendor communications

* Urgent security alerts

* Credential harvesting attempts
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Malware Attacks

Ransomware, trojans, spyware, worms, and viruses that
compromise systems or block access until payment is made.

* System encryption

* Data exfiltration

* Operational disruption
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Man-in-the-Middle (MitM)

Interception of communications to steal or manipulate sensitive
information during transmission between systems or users.

* Network eavesdropping
* Data manipulation

* Session hijacking
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Denial-of-Service (DoS/DDoS)

Flooding servers or systems with traffic, slowing or halting IVF
data systems, analyzers, or embryo monitoring equipment.

* Service unavailability

* System overload

* Network congestion



Impact on IVF Operations

EMR Accessibility Crisis

Inaccessible electronic medical records halt cycle documentation,
preventing physicians from tracking patient progress and making critical
treatment decisions.

Blocked Laboratory Results

Bloodwork results cannot reach physicians, delaying time-sensitive
procedures and potentially compromising treatment timing and
effectiveness.

Monitoring System Failures

Timelapse incubators become disconnected from grading software,
disrupting embryo assessment and selection processes critical for
successful outcomes.

Automated Process Interruptions
Disruptions in automated vitrification, cryostorage, or electronic

witnessing systems compromise sample integrity and chain of custody
protocols.




Case Study: Weekend Ransomware Attack

The Incident Immediate Consequences
A stand-alone, paperless IVF clinic fell victim to ransomware when an embryologist clicked a malicious email link . Automated vitrification system became completely inaccessible
during a weekend shift. The attack occurred at the worst possible time - during active treatment cycles with embryos . Electronic medical records locked out all staff
in various stages of development. . N
° Embryos required manual vitrification under extreme stress
g Prolonged incubation times threatened embryo viability
. Infectious disease testing records unavailable
° All embryos placed in quarantine storage

° Critical data recorded on loose paper sheets




Lessons Learned: Corrective Actions
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Enhanced Password Security

Mandatory password updates every two weeks with complex
requirements including special characters, numbers, and mixed case
letters.

03

Comprehensive Staff Training

Mandatory cybersecurity training for all staff covering threat
recognition, safe computing practices, and incident reporting
procedures.

05

Email Usage Restrictions

Complete ban on personal email use from laboratory computers to
eliminate potential entry points for malicious attachments and phishing
attempts.

04

Emergency Protocols

Development of detailed standard operating procedures (SOPs) for
manual continuation of all critical IVF procedures during system
outages.

06

Redundant Documentation

Implementation of cloud-based and printed backups of all essential
documentation to ensure accessibility during digital system failures.

Regular Preparedness Drills

Monthly simulated cyberattack drills and regular manual vitrification
practice days to maintain embryologist competence in non-automated
procedures.



Understanding Cyber Threat Landscape

VW ENWELL:

Malicious software designed to
damage, disrupt, or gain
unauthorized access to computer
systems. Examples include viruses,
ransomware, and trojans.
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Phishing

Deceptive practice where attackers
impersonate legitimate organizations
to trick individuals into revealing
sensitive information such as
passwords or credit card numbers.

Man-in-the-Middle Attacks

Cyber attacks where an attacker
intercepts and potentially alters
communication between two parties
without their knowledge,
compromising data integrity.



Key Cybersecurity Defense Concepts
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Encryption

The process of converting data into
a coded form to prevent
unauthorized access. Encryption is
widely used to protect sensitive
information, such as financial
transactions and personal data,

making it unreadable to
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Two-Factor Authentication
(2FA)

A security process that requires
users to provide two forms of
identification before accessing a
system. 2FA adds an extra layer of
security, making it significantly

harder for attackers to gain
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Firewalls

Network security devices that
monitor and filter incoming and
outgoing traffic based on
predetermined security rules.
Firewalls act as a barrier between
trusted internal networks and

untrusted external networks.
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By understanding the nature of cyber threats and implementing strong security measures, individuals and organizations can
significantly reduce their risk of falling victim to cyber attacks. The consequences of cyber attacks can be severe, ranging from
financial losses and data breaches to reputational damage and legal consequences.



The Critical Importance of Cybersecurity

In a world where data is a valuable asset, protecting that data is more
important than ever. The consequences of cyber attacks extend far
beyond immediate technical disruptions, creating cascading effects that
can permanently damage organizations and compromise patient safety.

Financial Impact: Direct costs include ransom payments, system
restoration, legal fees, and regulatory fines. Indirect costs encompass lost
revenue, increased insurance premiums, and long-term reputation

damage.
Patient Trust: Healthcare breaches destroy the fundamental trust

relationship between patients and providers, often resulting in
permanent patient loss and difficulty attracting new patients.

Legal Consequences: Regulatory violations can result in significant

penalties, lawsuits, and potential criminal charges for inadequate data
protection measures.



Staying Vigilant in an Evolving Threat Landscape

Cybersecurity is an ever-evolving field, with new threats emerging regularly. It's essential to stay informed about the latest trends
and best practices in cybersecurity to ensure adequate protection against sophisticated attacks.

O Regular Software Updates Q Strong Password Practices Suspicious Communication
Awareness
Maintaining current software Implementing complex, unique
versions with the latest security passwords for each system and Training staff to recognize and
patches closes known regular password rotation report suspicious emails, links, and
vulnerabilities and reduces attack significantly reduces the risk of communications prevents social
surfaces that cybercriminals credential-based attacks. engineering attacks from

exploit. succeeding.



Administrative Safequards Framework
4 R

Security Officer Designation

1 Designate a specific employee to implement, supervise, and maintain the Written
Information Security Program (WISP), including training coordination and incident

response management.
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Security Management Reviews

Conduct comprehensive security assessments at least annually or whenever
business practices change, documenting results and implementing
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Minimal Data Collection
3 Collect only personally identifiable information (PII) necessary for legitimate 3
\ business transactions or regulatory compliance, reducing exposure risk. j S

Access Control Management

Limit access to sensitive records to employees whose job functions require
legitimate access, implementing pre-employment screening for additional

protection.



Employee Lifecycle Security
Management

Security Training Employee Termination
Requirements Protocols

All employees, including owners, Terminated employees must
managers, independent contractors, immediately return all records

and temporary staff with access to PII containing PII and sensitive company
and sensitive data, must receive data in any form. Critical termination
comprehensive security training. This steps include:

includes: * Immediate blocking of physical and

electronic access
* Annual training for existing employees

Surrender of keys, IDs, access
* New employee orientation training codes, and badges

* Knowledge assessment examinations  * Disabling of remote access,

* Documentation of training completion voicemail, and email

*  WISP distribution and acknowledgment Password invalidation across all
systems
* Recovery of portable devices and

media




Contingency Planning and Disaster Recovery

Daily Backups Recovery Procedures

All systems storing PII and sensitive data Develop and document detailed disaster
require nightly encrypted backups stored offsite recovery mechanisms and procedures to restore
for maximum protection against data loss. access to critical data and operational systems.

System Criticality Assessment Regular Testing

Perform comprehensive evaluation defining Conduct periodic testing and validation of data
criticality levels for all company systems to backups, restoration procedures, and disaster
prioritize restoration efforts during incidents. recovery protocols to ensure effectiveness.

Emergency operations procedures should define company response protocols, including employee contact information, critical vendor
details, important account information, and emergency operating procedures. System criticality assessments ensure that critical
operational systems receive restoration priority over non-critical systems during recovery efforts.



Third-Party Risk Management

Any service provider or individual that receives, stores, maintains, processes, or otherwise accesses
files containing PII and sensitive company data must be contractually required to protect this
information through signed service agreements.
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Data Storage Providers

Off-site backup services, cloud storage providers, and website hosting companies must demonstrate
compliance with security standards and maintain appropriate safequards.

Payment Processors

Credit card processing companies and financial service providers require specialized security
certifications and regular compliance auditing.
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IT Support Vendors

Technology support vendors, contractors working with customers, and anyone with authorized
access to PII must sign comprehensive data protection agreements.

“Your data.
Our priority.”
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Physical Security Safequards

Facility Access Controls

Implement comprehensive physical security measures including building access

restrictions, system locks, clean desk policies, and visitor limitations in areas

containing sensitive data.

Physical security on facilities and office buildings
Locked systems accessing or storing PII
Clean desk requirements for all employees

Restricted visitor access to sensitive areas

Network Security Infrastructure

Deploy robust network protection including system isolation, encryption, anti-

malware, firewalls, vulnerability scanning, and secure server environments.

Isolated systems for sensitive data access
Encryption on all portable devices
Up-to-date anti-malware protection
Network firewalls and vulnerability scans

Secure server and equipment storage




Technical Security Controls

Access Control System Activity Monitoring Secure Data Disposal

Restrict access to PII and sensitive data to Deploy comprehensive logging mechanisms Establish procedures for secure destruction or
approved active users only. Implement unique on all systems storing or accessing sensitive deletion of written and electronic records
user accounts, strong passwords, and data. Conduct periodic reviews to identify containing PII at the earliest opportunity
automatic logoff procedures to prevent unauthorized access attempts and report consistent with business needs and legal
unauthorized access during inactive sessions. incidents immediately. retention requirements.
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Encryption and Remote Access Security

Portable Device Encryption

' All portable devices containing PII and sensitive data must utilize encryption to protect contents. This includes laptops, tablets, smartphones, and removable storage media.

Network Transmission Security

' Implement encryption when sending PII or sensitive data across public networks, wireless networks, email, and internet connections to prevent interception.

@ Backup Media Protection
' All backup tapes and media containing PII and sensitive data must utilize encryption to protect stored information from unauthorized access.

o Secure Remote Access
(N

Establish encrypted remote access procedures using VPN clients, authenticated SSL sessions, and encrypted Citrix/RDP access with two-factor
authentication where feasible.

@ Wireless Network Security

All wireless network access must utilize strong encryption mechanisms. Employees must avoid open public Wi-Fi networks for accessing sensitive systems or data.



Organizational Safeguards for IVF
Laboratories

Staff Education and Training

Implement regular cybersecurity education programs covering threat recognition, safe
computing practices, and incident response procedures. Training should be tailored to IVF-
specific risks and updated regularly to address emerging threats.

Multi-Factor Authentication and VPN

Enforce MFA and VPN use for all system access, particularly for remote connections to
laboratory systems. This creates multiple barriers against unauthorized access attempts.

Vendor Compliance Verification

Verify external vendors' compliance with industry standards such as ISO/IEC 27001,
ISO/IEC 27018, or SOC 2 Type 2. Regular audits ensure ongoing compliance with security
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Regular Compliance Audits

Conduct periodic internal and external audits to ensure policy compliance, identify
vulnerabilities, and validate the effectiveness of implemented security measures.




Building Resilient IVF Operations

Laboratory Resilience Strategies Cultural Transformation

e Manual Operation SOPs Technology is only as strong as the people who operate it. IVF professionals must remain fluent in both automated and manual

e ) ) ) n e ) _ methods, fostering a work culture that values critical thinking and adaptability.
Maintain detailed standard operating procedures for manual operation of all critical processes to ensure continuity during system failures.

This balance between technological advancement and human expertise is the key to safeguarding patients' reproductive outcomes

e Regular Manual Practice in an increasingly digital—and vulnerable—future.

Schedule routine manual practice sessions to prevent skill erosion and maintain embryologist competence in non-automated procedur

e Redundant Data Storage
Store essential patient and laboratory data in multiple formats: digital, cloud-based, and printed physical copies for maximum
accessibility.
Comprehensive Drill Programs

Simulate "all-systems-down" scenarios across clinical, laboratory, and administrative teams to test response procedures and

identify gaps.
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