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Professional Certificate in PACS System Inspection

Quality Assurance in PACS Systems

Artifact

Related terms: Noise, Image distortion

An artifact is any unwanted alteration in a medical image that can obscure diagnostic information or mimic
pathology. In PACS QA, artifacts are identified during routine image quality checks and categorized by
source (e.G., Hardware, software, transmission). Practical application includes using test patterns such as the
“phantom” to detect streaks, motion blur, or aliasing. A common challenge is distinguishing true clinical
findings from artifacts, which requires both technical expertise and clinical correlation.

Audit Trail

Related terms: Log file, Traceability

The audit trail is a secure, time-stamped record of all user actions within the PACS, including image access,
modification, and deletion. QA programs routinely verify that audit entries are complete, immutable, and
compliant with regulatory standards such as HIPAA and GDPR. For example, a quarterly audit may sample
200 entries to confirm proper user identification. Maintaining an audit trail can be challenging when
integrating third-party viewers that may not generate standardized logs.

Calibration

Related terms: Standardization, Dose reference

Calibration refers to the process of adjusting imaging devices and display workstations to known reference
values, ensuring consistent image quality across the network. In QA, calibration is performed using
manufacturer-provided phantoms and software tools that compare measured output to expected values. A
practical scenario involves weekly monitor luminance checks to confirm that the gray-scale display meets
DICOM Grayscale Standard Display Function (GSDF) criteria. Calibration drift over time, especially in
high-usage environments, presents a persistent challenge.

Channel Bandwidth

Related terms: Throughput, Network capacity

Channel bandwidth is the maximum data rate that a network link can support, expressed in megabits per
second (Mbps) or gigabits per second (Gbps). QA testing evaluates whether the existing bandwidth can
accommodate peak image traffic without loss or delay. For instance, a tertiary hospital may require 10 Gbps
to transmit high-resolution CT and MR studies in real time. Insufficient bandwidth leads to image latency,
buffering, or corruption—issues that must be identified during stress-test simulations.

Compliance Testing

Related terms: Regulatory standards, Validation

Compliance testing verifies that the PACS conforms to national and international standards such as DICOM,
IEC 62304, and I1SO 13485. QA teams conduct systematic checklists, reviewing configuration files, security
settings, and data integrity mechanisms. Practical application includes performing a DICOM conformance
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statement review after each software upgrade. Challenges arise when standards evolve faster than vendor
update cycles, necessitating interim mitigation strategies.

Configuration Management

Related terms: Version control, Change control

Configuration management is the systematic handling of hardware and software settings, ensuring that any
change is documented, reviewed, and approved. In PACS QA, a configuration baseline is established, and
deviations are tracked through a change-control board. For example, altering the compression algorithm
from JPEG-Lossless to JPEG-2000 must be logged and its impact on image fidelity assessed. Poor
configuration control can lead to inconsistent image rendering across workstations.

Compression Ratio

Related terms: Lossless, Lossy

Compression ratio indicates the degree to which image data is reduced relative to its original size. QA
evaluates whether the chosen ratio preserves diagnostic quality while optimizing storage. A typical lossless
compression ratio for a 512 x 512 x 150 CT dataset might be 2:1, Whereas a lossy setting could reach 5:1 But
risk loss of subtle lesions. Balancing storage savings against potential diagnostic compromise is a recurring
challenge.

Conformance Statement

Related terms: DICOM, Implementation guide

A conformance statement is a vendor-provided document outlining which DICOM services and optional
features are supported by a PACS component. QA reviewers compare the statement against actual system
behavior during integration testing. For instance, if the statement claims support for Structured Reporting
(SR), the QA test must verify that SR objects can be created, stored, and retrieved without error. Incomplete
or inaccurate statements can lead to integration failures.

Data Integrity

Related terms: Checksum, Hash validation

Data integrity ensures that images and associated metadata remain unaltered from acquisition to archiving
and retrieval. QA procedures involve calculating checksums (e.G., MD5, SHA-256) at source and destination,
then comparing values. A practical example is the nightly batch job that verifies all newly stored DICOM files
against their original hashes. Corruption due to hardware failures, network glitches, or software bugs
presents ongoing monitoring challenges.

Data Migration

Related terms: Legacy system, Migration plan

Data migration is the process of transferring image archives from an older PACS to a newer platform. QA
validates that all studies, patient identifiers, and report links remain intact post-migration. A typical
migration test set includes 10000 studies covering various modalities, with random spot checks for image
fidelity. Challenges include handling proprietary file formats, ensuring consistent metadata mapping, and
minimizing system downtime.

Database Performance
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Related terms: Query latency, Indexing

Database performance refers to the speed and efficiency with which the PACS database processes requests
for storage, retrieval, and search operations. QA monitors metrics such as average query response time,
transaction throughput, and index fragmentation. Practical application includes running simulated workload
scripts that mimic typical radiologist search patterns. Poor performance can cause delays in image access,
affecting clinical workflow; tuning queries and adding indexes are common remedial actions.

De-identification

Related terms: Anonymization, PHI removal

De-identification is the process of stripping personally identifiable health information (PHI) from DICOM
files before they are used for research or shared with external entities. QA ensures that all required DICOM
tags (e.G., PatientName, AccessionNumber) are correctly removed or replaced while preserving essential
clinical data. A practical scenario involves using a batch de-identification script on a research dataset,
followed by a spot-check to verify compliance. Over- or under-scrubbing can lead to regulatory breaches or
loss of valuable data.

Display Calibration

Related terms: Luminance, Gamma

Display calibration aligns monitor output with the DICOM GSDF, ensuring that grayscale levels are
perceived consistently across workstations. QA includes measuring monitor luminance using a photometer,
adjusting brightness, contrast, and gamma settings, and recording results. For example, a radiology
department may calibrate all diagnostic monitors quarterly, targeting a black level of 0.1Cd/m? and a white
level of 120 cd/m?. Calibration drift, ambient light changes, and aging panels are common obstacles.

Disaster Recovery

Related terms: Backup, Redundancy

Disaster recovery (DR) outlines procedures to restore PACS functionality after catastrophic events such as
fires, floods, or cyber-attacks. QA tests DR plans by simulating failover scenarios, verifying that image
archives can be rebuilt from backup media within predefined Recovery Time Objectives (RTO). A practical
DR drill might involve restoring a mirrored storage array after a simulated hardware failure. Challenges
include ensuring backup integrity, maintaining synchronized replicas, and minimizing data loss windows.

DICOM Conformance

Related terms: Standard compliance, Service Class Provider

DICOM conformance is the adherence of PACS components to the Digital Imaging and Communications in
Medicine (DICOM) standard, covering Service Object Pair (SOP) classes, networking protocols, and file
formats. QA testing includes validating that the PACS can act as a Service Class Provider (SCP) for modalities
and as a Service Class User (SCU) for workstations. Example tests involve sending a series of C-STORE,
C-GET, and C-MOVE commands and confirming correct responses. Non-conformance can cause
interoperability failures across vendors.

Digital Signature
Related terms: Authentication, Non-repudiation
A digital signature is a cryptographic mechanism that verifies the origin and integrity of a DICOM object. QA
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ensures that signatures are applied during image acquisition, stored securely, and validated upon retrieval.
For instance, a radiology department may require that all reports be digitally signed by the interpreting
physician before archiving. Implementing robust signature workflows can be challenging due to key
management, certificate expiration, and integration with existing PACS modules.

Disk Utilization

Related terms: Storage capacity, Allocation

Disk utilization measures the proportion of storage space consumed by image data, logs, and metadata. QA
monitors trends to anticipate when additional capacity will be needed, employing predictive models based
on modality acquisition rates. A practical task is generating monthly utilization reports that flag when any
volume exceeds 85 % of its capacity. Challenges include handling unexpected spikes (e.G., A mass screening
campaign) and ensuring that archiving policies do not inadvertently delete clinically relevant studies.

Encryption

Related terms: TLS, Data at rest

Encryption protects image data both in transit and at rest. QA verifies that Transport Layer Security (TLS) is
enabled for all DICOM network traffic, and that storage encryption (e.G., AES-256) is applied to archive
drives. A typical test involves intercepting a DICOM transmission with a packet sniffer to confirm that
payloads are unreadable. Balancing encryption strength with performance impact, especially for large 3-D
datasets, remains a technical challenge.

Error Rate

Related terms: Failure frequency, Defect density

Error rate quantifies the number of defects or failures per unit of operation, such as per 1000 image
transfers. QA tracks error rates over time to assess system stability and identify problematic components.
For example, a monthly report may show a 0.2 % Error rate for CT image uploads, prompting investigation
into network congestion. Reducing error rates often requires root-cause analysis, patch management, and
user training.

Fail-over Testing

Related terms: High availability, Redundant node

Fail-over testing validates that secondary PACS components automatically assume primary responsibilities
when a failure occurs. QA conducts scheduled drills where a primary server is intentionally taken offline,
observing whether workloads seamlessly transition to the standby system. Practical metrics include fail-over
time, session continuity, and data consistency. Challenges involve ensuring synchronized databases,
avoiding split-brain scenarios, and maintaining user transparency.

File Format Compatibility

Related terms: DICOM, Non-standard formats

File format compatibility ensures that the PACS can ingest, store, and retrieve images regardless of their
originating format. QA tests acceptance of standard DICOM files as well as proprietary formats from legacy
modalities, employing conversion tools when necessary. A practical example is verifying that a
vendor-specific ultrasound format can be converted to DICOM without loss of metadata. Incompatibility can
lead to data loss or the need for costly third-party converters.
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Firmware Updates

Related terms: Patch management, Version control

Firmware updates are software patches applied to imaging equipment, storage controllers, or network
devices. QA schedules and validates updates, confirming that they do not introduce regressions in image
acquisition or transmission. For instance, after applying a new firmware to a CT scanner, the QA team runs a
series of DICOM send/receive tests to ensure compliance. Challenges include coordinating downtime,
verifying vendor documentation, and managing rollback procedures.

Heat Map Monitoring

Related terms: Performance visualization, Load distribution

Heat map monitoring visualizes resource utilization (CPU, memory, network) across the PACS infrastructure,
highlighting hotspots. QA uses heat maps during peak usage periods to identify bottlenecks and guide
capacity planning. A practical use case is detecting that a particular storage node consistently reaches 90 %
CPU during morning imaging sessions, prompting load-balancing adjustments. Interpreting heat maps
requires expertise and can be misleading if baseline thresholds are not well defined.

Image Compression Validation

Related terms: Lossless, Quality assurance

Image compression validation confirms that the selected compression algorithm preserves diagnostic
information. QA employs objective metrics such as Peak Signal-to-Noise Ratio (PSNR) and subjective
radiologist assessments. For example, a study may compare original and compressed mammography
images, ensuring that microcalcifications remain visible. Challenges include varying sensitivity across
modalities and the need for modality-specific acceptance criteria.

Image Retrieval Latency

Related terms: Response time, Throughput

Image retrieval latency measures the time elapsed from a user request to the display of the image on a
workstation. QA benchmarks latency under different network conditions and workloads, aiming for
sub-second response for routine studies. A practical test involves simulating 50 concurrent retrievals and
recording average latency. High latency can degrade clinical workflow and may be caused by network
congestion, database indexing issues, or insufficient caching.

Incident Management

Related terms: Root cause analysis, Ticketing system

Incident management is the structured process for logging, investigating, and resolving PACS-related
problems. QA establishes severity levels, escalation paths, and documentation standards. For example, a
critical incident such as complete system outage triggers a 30-minute response window and a post-mortem
report. Challenges include ensuring timely communication across multidisciplinary teams and maintaining
comprehensive incident histories for trend analysis.

Integration Testing

Related terms: Interoperability, System interfaces

Integration testing verifies that the PACS correctly interfaces with ancillary systems such as RIS, EMR, and
modality worklists. QA develops test scripts that simulate real-world workflows, checking that patient
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identifiers, study statuses, and reports synchronize accurately. A practical scenario includes sending a
DICOM C-STORE from a modality, confirming that the RIS updates the study status to “Completed,” and
that the report appears in the EMR. Integration points are frequent sources of errors, especially when
multiple vendors are involved.

Latency Benchmarking

Related terms: Performance testing, SLA

Latency benchmarking establishes quantitative performance baselines for image transmission, storage, and
retrieval, forming the basis of Service Level Agreements (SLAs). QA conducts repeated measurements using
standardized payloads, recording best-case, average, and worst-case times. For example, a benchmark may
target < 2seconds for CT image retrieval across the enterprise. Maintaining these benchmarks over time
requires continuous monitoring and periodic re-validation.

Log Management

Related terms: Syslog, Log rotation

Log management involves collecting, storing, and analyzing system logs generated by PACS components.
QA configures centralized log aggregation, ensuring that logs are retained for a minimum regulatory period
(e.G., 7 Years). Practical tasks include setting up alerts for abnormal error patterns and performing regular
log reviews. Challenges include handling large log volumes, protecting log integrity, and correlating events
across disparate systems.

Modality Worklist (MWL)

Related terms: DICOM Modality Worklist, Scheduling

The Modality Worklist provides imaging devices with patient and study information, reducing manual data
entry. QA validates that the worklist accurately reflects scheduled appointments, contains correct DICOM
tags, and updates in real time. A practical test involves creating a mock appointment in the RIS, verifying
that the modality receives the correct accession number and procedure code. Inconsistent worklist data can
lead to mismatched studies and patient safety concerns.

Network Topology

Related terms: Star, Mesh, Redundancy

Network topology describes the physical and logical arrangement of devices connecting modalities,
workstations, and storage. QA assesses topology for fault tolerance, bandwidth distribution, and latency. For
instance, a mesh topology may provide multiple paths for image traffic, reducing single points of failure.
Designing an optimal topology can be complex due to legacy infrastructure, budget constraints, and
varying modality bandwidth requirements.

Non-Conformance Report (NCR)

Related terms: Defect report, Corrective action

An NCR documents any deviation from established quality standards or specifications identified during QA
activities. QA staff complete NCRs with severity rating, root cause analysis, and corrective action plans. A
practical example is logging an NCR when a workstation fails the grayscale calibration test, prompting
recalibration and vendor notification. Effective NCR handling requires timely closure and trend analysis to
prevent recurrence.
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Orthogonal View Validation

Related terms: Multi-planar reconstruction, Consistency check

Orthogonal view validation ensures that multi-planar reconstructions (axial, coronal, sagittal) derived from a
3-D dataset are geometrically consistent. QA compares reconstructed slices against original volume data,
checking for alignment errors or interpolation artifacts. Practical application includes using a test phantom
with known dimensions to verify that reconstructed measurements match expected values. Misalignment
can affect diagnostic accuracy, especially in neuro-imaging.

Patient Identifier Matching

Related terms: MRN, Demographic integrity

Patient identifier matching guarantees that images are correctly linked to the appropriate patient record
across all systems. QA conducts cross-system audits, comparing Medical Record Numbers (MRNs) in the
PACS, RIS, and EMR. A practical check might involve selecting random studies and confirming that the
displayed patient name matches the EMR entry. Errors in identifier matching can lead to misdiagnosis, legal
liability, and breach of privacy regulations.

Performance Baseline

Related terms: Reference metrics, Trend analysis

A performance baseline establishes the normal operating metrics for the PACS, such as average retrieval
time, storage write speed, and network throughput. QA establishes the baseline during system
commissioning, then monitors deviations over time. For example, a baseline of 150 MB/s write speed for a
storage array provides a reference point for future capacity planning. Drift from the baseline may indicate
hardware degradation or configuration drift.

Pixel Data Integrity

Related terms: Bit-depth, Radiometric accuracy

Pixel data integrity ensures that the numeric values representing image intensities remain unchanged from
acquisition through archiving. QA validates integrity by comparing checksum values and performing visual
inspections for unexpected alterations. Practical verification may involve re-exporting a DICOM file after
storage and confirming that pixel values are identical to the original. Corruption can arise from storage
media failures, network packet loss, or software bugs.

Policy Enforcement

Related terms: Access control, Governance

Policy enforcement applies organizational rules governing PACS usage, such as user role permissions, data
retention periods, and encryption requirements. QA audits policy adherence by reviewing configuration
settings and performing simulated access attempts. For example, a test may verify that a technologist
cannot delete archived studies without proper authorization. Ensuring consistent enforcement across a
heterogeneous environment can be difficult, especially with legacy components.

Quality Control (QC) Phantoms

Related terms: Test objects, Calibration

QC phantoms are physical devices containing known structures used to evaluate imaging system
performance. In PACS QA, phantom images are transmitted, stored, and displayed to assess parameters
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such as spatial resolution, contrast, and noise. A common practical activity is scanning a uniform water
phantom, then measuring mean pixel value to confirm scanner stability. Phantoms must be maintained and
periodically replaced to avoid degradation that could bias results.

Radiation Dose Tracking

Related terms: DICOM Radiation Dose Structured Report, Dose index

Radiation dose tracking records the exposure parameters for ionizing imaging modalities, linking dose
metrics to stored images. QA ensures that dose information is captured, transmitted via DICOM SR, and
stored without loss. Practical use includes generating departmental dose reports to monitor compliance
with ALARA (As Low As Reasonably Achievable) principles. Challenges involve integrating dose data from
legacy scanners that lack standardized reporting.

Redundancy Strategy

Related terms: RAID, Mirroring

A redundancy strategy defines how the PACS protects against data loss through duplicate components,
such as RAID configurations, network path redundancy, or server clustering. QA verifies that fail-over
mechanisms function correctly and that redundant copies are synchronized. For instance, a RAID-5 array
should survive a single disk failure without data loss. Over-reliance on redundancy without proper testing
can create false confidence in system resilience.

Reporting Dashboard

Related terms: KPlIs, Visualization

A reporting dashboard consolidates key performance indicators (KPIs) related to PACS operations,
presenting them in an accessible visual format. QA designs dashboards to display metrics such as error rate,
storage utilization, and retrieval latency. Practical use includes daily review by the imaging IT team to detect
anomalies early. Designing dashboards that balance detail with clarity, and ensuring data freshness, can be
challenging.

Risk Assessment

Related terms: Threat analysis, Vulnerability

Risk assessment identifies potential hazards to PACS operation, evaluates their likelihood, and estimates
impact. QA conducts risk assessments during system upgrades, new technology adoption, or regulatory
changes. A practical outcome might be a risk matrix highlighting “Network congestion during peak hours”
as high impact, prompting mitigation through bandwidth upgrades. Maintaining up-to-date risk registers
requires ongoing collaboration with clinical and security stakeholders.

Scalability Testing

Related terms: Load testing, Capacity planning

Scalability testing evaluates whether the PACS can handle increased workloads without performance
degradation. QA simulates growth scenarios, such as adding new imaging modalities or increasing study
volume by 50 %. Practical tests measure throughput, latency, and resource utilization under simulated load.
Challenges include accurately modeling future usage patterns and ensuring that scaling does not introduce
new bottlenecks.
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Security Patch Management

Related terms: Vulnerability remediation, Update schedule

Security patch management ensures that all PACS components receive timely updates to address known
vulnerabilities. QA tracks patch releases, validates compatibility in a test environment, and schedules
deployment. A practical example is applying the latest OpenSSL patch to all DICOM servers, then confirming
that TLS connections remain functional. Coordinating patches across a heterogeneous environment while
minimizing downtime is a common difficulty.

Service Level Agreement (SLA)

Related terms: Performance metrics, Uptime

An SLA defines the expected performance and availability commitments between the PACS provider and the
healthcare organization. QA monitors SLA compliance by measuring metrics such as system uptime
(>99.9%), Retrieval latency (Software Validation

Related terms: Verification, Acceptance testing

Software validation confirms that the PACS software functions as intended and meets user requirements. QA
performs validation through functional tests, regression testing, and user acceptance testing (UAT). Practical
steps include executing a test suite that covers all DICOM services, then documenting results for regulatory
compliance. Maintaining validation documentation across multiple software releases is a significant
administrative burden.

Storage Tiering

Related terms: Hot, Cold storage, Hierarchical storage management

Storage tiering classifies data based on access frequency, placing frequently accessed studies on
high-performance “hot” storage and older, less-accessed studies on slower “cold” storage. QA monitors tier
migration policies to ensure that data moves appropriately without loss of accessibility. For example, a
policy may move studies older than 5years to a tape archive, while retaining a 30-day cache on SSDs.
Balancing cost savings with retrieval speed is a key challenge.

System Health Monitoring

Related terms: Heartbeat, Alerting

System health monitoring continuously checks the status of PACS components, including CPU load, memory
usage, disk health, and network latency. QA configures threshold-based alerts that trigger when metrics
exceed predefined limits. A practical scenario involves an automated email sent when a storage node’s
SMART attributes indicate impending drive failure. False positives and alert fatigue can reduce the
effectiveness of monitoring systems.

Tag Validation

Related terms: DICOM attributes, Data consistency

Tag validation ensures that each DICOM file contains required tags and that their values adhere to standard
formats. QA runs automated scripts that parse DICOM headers, flagging missing or malformed tags. For
instance, a missing StudylnstanceUID can prevent proper indexing. Maintaining up-to-date validation rules
as the DICOM standard evolves is an ongoing task.

Test Case Management
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Related terms: Test plan, Traceability matrix

Test case management organizes QA test scenarios, expected outcomes, and actual results. QA uses a
traceability matrix to link each test case to specific requirements or standards. Practical application includes
storing test cases in a repository, assigning owners, and tracking execution status. Challenges involve
keeping the test suite current as system configurations change and ensuring adequate coverage without
excessive redundancy.

Throughput Optimization

Related terms: Data flow, Bottleneck reduction

Throughput optimization seeks to maximize the volume of image data that can be moved, stored, or
retrieved per unit time. QA identifies bottlenecks through performance profiling, then implements solutions
such as increasing parallel streams, adjusting compression settings, or upgrading network interfaces. A
practical example is enabling jumbo frames on Ethernet switches to reduce packet overhead for large
DICOM files. Optimizations must be balanced against compatibility and security considerations.

Traceability Matrix

Related terms: Requirement mapping, Test coverage

A traceability matrix maps each system requirement to corresponding test cases, ensuring that all functional
and non-functional specifications are verified. QA uses the matrix during audits to demonstrate compliance
with standards like ISO 13485. Practical use includes updating the matrix after each software release to
reflect new or modified requirements. Maintaining accuracy in a dynamic environment can be
labor-intensive.

Transfer Syntax

Related terms: DICOM encoding, Compression

Transfer syntax defines how image pixel data is encoded for transmission, covering both uncompressed
(e.G., Explicit VR Little Endian) and compressed formats (e.G., JPEG-Lossless). QA verifies that selected
transfer syntaxes are compatible across modalities, PACS, and workstations. For example, a workstation may
only support JPEG-2000, requiring the PACS to negotiate that syntax during C-STORE. Mismatched transfer
syntaxes can cause failed transfers or degraded image quality.

Version Control

Related terms: Git, Revision tracking

Version control tracks changes to configuration files, scripts, and documentation associated with the PACS.
QA employs version control to revert to known-good states, compare revisions, and audit modifications.
Practical use includes committing a new DICOM configuration file with a descriptive message, then tagging
the release. Challenges arise when multiple teams make concurrent changes without proper branching
strategies.

Virtual Private Network (VPN)

Related terms: Secure tunnel, Remote access

A VPN provides encrypted connectivity for remote users or off-site sites to access the PACS securely. QA
tests VPN performance, ensuring that encryption does not introduce unacceptable latency. For example, a
radiologist working from home must retrieve a CT series within 3 seconds over a VPN link. Managing VPN
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credentials, split-tunneling, and bandwidth allocation are common operational challenges.

Worklist Synchronization

Related terms: RIS integration, Real-time update

Worklist synchronization ensures that the modality worklist reflects the latest scheduling changes,
cancellations, and status updates. QA validates that updates propagate within seconds across the
RIS-PACS-modality chain. A practical test involves rescheduling a patient’s appointment and confirming that
the modality displays the new time without requiring a manual refresh. Latency or data loss during
synchronization can lead to study mismatches.

XML Metadata Validation

Related terms: Structured report, Schema compliance

XML metadata validation checks that DICOM Structured Report (SR) files conform to the appropriate XML
schema, ensuring consistent interpretation of clinical data. QA employs schema validators to parse SR
documents, flagging errors such as missing mandatory elements. Practical application includes validating a
radiology report SR against the DICOM SR template before archiving. Complex schema versions and custom
extensions can complicate validation efforts.
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