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Copyright and Educational Disclaimer 

EDUCATIONAL AND PROFESSIONAL-USE NOTICE 

Copyright © 2026 Inside Embryo by Aurion. All rights reserved. This learning guide is designed for scientific education 

and general professional learning. It is not a laboratory construction specification, architectural or engineering design, 

an institutional standard operating procedure (SOP), a competency sign-off document, a manufacturer instruction for 

use, or patient-specific medical advice. Laboratory layout, ventilation, gases, electrical systems, cryogenic safety, 

biosafety, fire safety, accessibility and accreditation requirements must be interpreted by appropriately qualified 

professionals under the applicable national and local rules. Learners must follow their institution’s validated SOPs, 

supervision requirements and escalation pathways. A well-designed IVF laboratory can reduce avoidable environmental 

and operational risk; it cannot guarantee fertilisation, embryo development, implantation, pregnancy or live birth. 

 

About Inside Embryo by Aurion 

Inside Embryo by Aurion is an educational platform focused on assisted reproduction, clinical embryology, 

andrology and IVF laboratory science. Its resources are designed to connect core reproductive biology with the 

laboratory systems, quality principles and professional reasoning used in modern fertility care. The platform 

aims to make complex topics understandable without removing the scientific caution, uncertainty and 

professional boundaries that responsible ART education requires. 
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About This Learning Guide 

This beginner guide teaches IVF laboratory design as a biological, engineering, safety and quality system rather 

than as a floor plan. It is written for undergraduate learners, new embryology and andrology trainees, observers, 

nursing and allied-health learners, and readers who want a scientifically responsible foundation. Diagrams are 

conceptual learning aids: use them to understand relationships and workflow, not as blueprints. Numerical set-

points are intentionally avoided unless they are broadly established, because validated operating ranges depend 

on equipment, media, local regulation, manufacturer instructions and the laboratory’s own quality system. 

Learning Objectives 

 Define IVF laboratory design and explain why the physical environment is part of embryo-culture quality. 

 Identify the principal functional zones of an IVF laboratory and describe why adjacency and separation 

matter. 

 Describe the basic roles of air quality, temperature, gases, utilities, equipment placement and cryogenic 

safety. 

 Explain how specimen workflow, witnessing and traceability interact with physical design. 

 Recognise important differences between an embryo-handling laboratory, support areas, and cryostorage. 

 Differentiate a design observation from a biological or clinical outcome and recognise limits of 

interpretation. 

 Outline a beginner-safe planning, commissioning, monitoring and troubleshooting logic. 

 Interpret common laboratory-design misconceptions using current good-practice principles. 
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1. Big-Picture Introduction 

What is IVF laboratory design? 

An in vitro fertilisation (IVF) laboratory is a specialised clinical laboratory in which oocytes, spermatozoa and 

embryos are identified, prepared, observed, cultured, micromanipulated, cryopreserved or prepared for clinical 

use. IVF laboratory design is the deliberate organisation of the room, workflow, environmental controls, 

utilities, equipment, safety systems and quality infrastructure that surround those activities. The current 2026 

ESHRE good-practice recommendations describe laboratory design as a means of supporting optimal workflow 

and minimising time that reproductive cells spend outside controlled environmental conditions.[1] 

For a beginner, the most useful idea is that the laboratory is not a neutral room. Once gametes or embryos are 

outside the body, their immediate conditions depend on culture media, incubators, heated work areas and the 

discipline of handling. The wider room influences those micro-environments through air quality, temperature 

stability, gas supply, power reliability, movement of people, equipment placement and the ease with which staff 

can identify and witness specimens. ASRM guidance for the United States similarly treats embryology 

laboratories as highly specialised and sensitive areas requiring deliberate design.[2] 

Why does it matter? 

Good design aims to make the correct, stable and traceable action easy to perform. Short specimen routes can 

reduce avoidable handling; appropriate zoning can keep incompatible activities apart; filtered and chemically 

controlled air can reduce contaminant exposure; robust utilities and alarms can support continuity when a 

component fails; and ergonomic workstations can reduce fatigue and distraction. These are risk-control 
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functions. They are not a promise that every oocyte will fertilise or every embryo will implant because ART 

outcomes remain influenced by patient, gamete, embryo, clinical and laboratory factors.[1-4] 

 

Figure 1. Big-picture overview of IVF laboratory design. Shows where laboratory design supports the wider ART 

pathway while remaining distinct from clinical treatment and biological outcome. Source: Original educational 

illustration created for Inside Embryo by Aurion. 

Where does it fit in ART? 

The design becomes relevant before an oocyte or sperm sample reaches a microscope. Oocyte-retrieval rooms, 

semen collection and andrology areas, transfer routes, embryo culture rooms, cryostorage, stores, cleaning 

areas, offices and engineering services all influence how safely the laboratory can operate. ESHRE recommends 

close adjacency between the IVF laboratory and procedure room when feasible, while technical facilities, general 

storage and toxic or fixative work should be separated from the embryo-handling area; cryostorage should also 

be in a separate nearby room because it has distinct hazards and monitoring needs.[1] 

 

 

 

 

2. Essential Terminology 

Table 1. Essential terminology for beginners 

Term Simple meaning Scientific meaning Why it matters 
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Term Simple meaning Scientific meaning Why it matters 

ART Treatments that involve in-vitro 

handling of gametes or embryos 

for reproduction. 

An umbrella term covering IVF and related 

laboratory procedures. 

Explains the clinical pathway 

surrounding the laboratory. 

IVF laboratory A specialised laboratory for 

handling gametes and embryos. 

A controlled clinical laboratory environment 

supporting fertilisation, culture, assessment, 

micromanipulation and cryopreservation. 

It is the core environment 

discussed in this guide. 

Workflow The route followed by people, 

specimens, materials and 

information. 

A planned sequence that reduces unnecessary 

movement, crossing and delay. 

Design should support 

predictable, traceable work. 

Zoning Dividing space by function and 

control needs. 

Physical or operational separation of critical, 

support, transition and hazardous functions. 

Not every task requires the same 

environmental conditions. 

HVAC Heating, ventilation and air-

conditioning. 

The engineered system controlling air 

exchange, temperature, humidity and pressure 

relationships. 

Room air is part of laboratory 

environmental control. 

HEPA High-efficiency particulate air 

filtration. 

Filtration designed to remove airborne 

particles efficiently. 

Important for particles, but not 

a complete VOC solution. 

VOC Volatile organic compound. An organic chemical that can evaporate into air 

from paints, adhesives, furniture, cleaning 

agents and other sources. 

Embryology design uses source 

control and chemical filtration to 

reduce avoidable exposure. 

Positive pressure A pressure relationship in which 

air tends to move from the 

cleaner room towards an 

adjacent space. 

An engineered pressure differential used as one 

layer of contamination control. 

Must be integrated with the 

whole HVAC strategy. 

Qualification Documented demonstration that 

equipment or systems are 

installed and operate as 

intended. 

May include design, installation, operational 

and performance qualification depending on 

context. 

A purchased device is not 

automatically ready for clinical 

use. 

Validation Documented evidence that a 

process performs reliably for its 

intended purpose. 

A quality-system activity based on predefined 

acceptance criteria. 

Links design and equipment to 

actual laboratory operation. 

Traceability Ability to follow the identity, 

location and history of a 

specimen. 

Controlled identification and documentation 

across each handling step. 

Physical design must support 

safe witnessing and hand-offs. 

Cryostorage Storage of reproductive material 

at cryogenic temperature. 

A controlled system commonly using liquid 

nitrogen tanks, alarms, ventilation and 

restricted access. 

Has oxygen-displacement and 

specimen-security risks distinct 

from the main lab. 

 

Definitions are simplified for learning and should be interpreted with current professional terminology and local practice.[1,2] 
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3. Laboratory and Biological Foundations 

A stable in-vitro micro-environment 

Embryo culture occurs in a hierarchy of environments. At the smallest level, cells are surrounded by culture 

medium, usually under oil or within a defined culture system. That dish may be placed in an incubator 

controlling temperature and gas composition. When the dish is removed for assessment or manipulation, a 

heated workstation and microscope become the immediate environment. The room then forms the outer layer: 

its air, temperature, traffic, vibration, lighting and contaminants influence how easy it is to maintain stable 

conditions. This nested model is more useful than thinking about “the lab temperature” as a single 

number.[1,3,4] 

 

Figure 2. Nested layers of laboratory control. Explains how room design, workstations, incubators and culture vessels 

contribute different layers of environmental stability. Source: Original educational illustration created for Inside 

Embryo by Aurion. 

 

Temperature, pH and osmolality: what design can support 

Temperature, pH and osmolality are properties of the culture system rather than architectural features, but 

design affects how well they can be protected. Long routes between incubators and microscopes, crowded 

benches, unreliable heated stages, repeated door openings or poorly placed equipment can increase exposure 

time and disturbance. Similarly, the pH of bicarbonate-buffered media is linked to the gas environment, so 

reliable incubator gases, appropriate handling systems and reduced unnecessary exposure are important. 
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Laboratories define and validate their own accepted operating ranges using equipment specifications, media 

requirements, calibrated instruments and quality procedures; a beginner guide should not substitute generic 

numbers for those validated limits.[1,4] 

People are part of the system 

Laboratory design also influences human performance. Awkward microscope posture, insufficient bench space, 

noisy traffic, frequent interruptions, poorly placed documentation stations or confusing specimen routes can 

increase cognitive load. ESHRE specifically highlights ergonomics and operator comfort because fatigue and 

distraction can contribute to human error.[1] The safer design is therefore not merely “clean”; it supports clear 

behaviour, adequate workspace, controlled access, effective witnessing and timely communication. 

4. How IVF Laboratory Design Works: Step by Step 

A real laboratory is designed by a multidisciplinary team that may include laboratory leadership, embryologists, 

clinicians, quality professionals, architects, HVAC/MEP engineers, safety specialists, facilities staff and local 

regulatory expertise. The following sequence is a learning framework, not a construction protocol. 

1. Define the clinical service and workload. Clarify which activities will occur: IVF, ICSI, embryo culture, 

biopsy, cryopreservation, andrology, witnessing, storage, administration and future expansion. Workload 

determines space, staffing, incubator capacity and redundancy needs. 

2. Map specimen, staff and material flow. Trace how oocytes, semen, embryos, disposables, records and 

waste enter, move and leave. Identify crossings, long routes, interruptions and high-risk hand-offs. 

3. Create functional zones and adjacencies. Place embryo-handling functions close to where they are 

needed while separating support, cleaning, toxic reagent, office and cryogenic activities according to risk. 

4. Engineer the environmental envelope. Plan room air, filtration, chemical contaminant control, 

pressure relationships, temperature, humidity, lighting and vibration management with qualified engineering 

input. 

5. Plan utilities and critical equipment. Provide reliable power, gases, data, alarms, heating devices, 

incubators, microscopes and backup capacity. Critical equipment requires qualification and monitoring.[1] 

6. Select low-risk materials and furnishings. Use cleanable, low-shedding, low-emission materials and 

allow appropriate off-gassing after construction or renovation.[1,4] 

7. Commission, qualify and validate. Confirm that installed systems perform as intended before clinical 

work. Validate critical processes under realistic conditions and document acceptance criteria. 

8. Operate through the quality system. Monitor trends, maintain equipment, test alarms, manage change, 

investigate deviations, document corrective actions and reassess risk. 
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Figure 3. Step-by-step planning and commissioning pathway. Summarises the design sequence for beginner learning; 

it is not a substitute for an engineering specification or institutional commissioning plan. Source: Original 

educational illustration created for Inside Embryo by Aurion. 

5. Important Components and Design Domains 

Table 2. Principal IVF laboratory design domains 

Domain What it includes Beginner interpretation 

Workflow & adjacency Specimen and staff movement; relation to 

retrieval/transfer rooms. 

Reduce unnecessary travel and crossing; 

support rapid, traceable hand-offs. 

Zoning & access Critical embryo areas, transition spaces, support 

rooms, office/cleaning functions. 

Match environmental control to activity; 

reduce unnecessary traffic and incompatible 

work. 

Air quality HEPA, VOC control, fresh air, pressure, monitoring. Control particles and airborne chemical 

contaminants using layered engineering and 

operational measures. 

Workstations & culture Microscopes, heated stages, incubators, media 

handling. 

Protect the culture micro-environment during 

assessment and manipulation. 

Utilities Electrical supply, backup power, gases, data and alarm 

pathways. 

Prevent single points of failure from becoming 

specimen-threatening events. 

Cryostorage Separate room, ventilation, low-oxygen alarms, tank 

monitoring, backup capacity. 

Manage liquid-nitrogen hazards and long-term 

specimen security.[1,5] 

Human factors Ergonomics, lighting, interruptions, documentation, 

witnessing. 

Support reliable staff performance and reduce 

avoidable error. 
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Domain What it includes Beginner interpretation 

Quality system Qualification, validation, monitoring, maintenance, 

change control, CAPA. 

Turn design intent into sustained, auditable 

laboratory performance. 

 

This table integrates the design, equipment, safety and quality themes in ESHRE 2026 and ASRM 2022 guidance.[1,2]  

Air quality is more than HEPA 

HEPA filters are designed for particles. Volatile organic compounds are gases or vapours, so chemical source 

control and appropriate VOC-removal strategies are separate considerations. The 2026 ESHRE 

recommendations call for both HEPA and VOC control and recommend positive pressure as part of 

contamination management, with air cleanliness assessed on a risk basis.[1] The Cairo consensus literature 

similarly emphasises the combined importance of physical and chemical air quality in IVF laboratories.[3,4] 

 

Figure 4. Layered air-quality control. Shows why no single filter or room feature provides complete air-quality 

control. Source: Original educational illustration created for Inside Embryo by Aurion. 

Materials, surfaces and off-gassing 

Paints, adhesives, sealants, flooring, furniture and cleaning products can release volatile compounds. Good 

practice therefore favours cleanable, non-shedding, low-emission materials and sufficient off-gassing after new 

construction or renovation.[1,4] The design team should also consider how surfaces will be cleaned without 

creating unnecessary chemical exposure in embryo-handling areas. “Looks clean” is not a meaningful 

environmental specification; selection, commissioning and monitoring are more important than appearance. 

Equipment placement, redundancy and alarms 

Equipment should be placed to support the work rather than forcing the work to fit around equipment. 

Incubators should be accessible without excessive traffic or door opening; microscopes and heated stages need 
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stable ergonomic work areas; critical equipment requires qualification, maintenance and monitoring. ESHRE 

recommends critical items in appropriate numbers, duplication of critical equipment, continuous monitoring 

and external alarms for important equipment such as incubators and cryostorage tanks, and backup power for 

critical systems.[1] 

6. Factors That Influence the Final Laboratory Design 

There is no universal “best” floor plan. The correct design depends on the services performed, workload, staffing 

model, building constraints, local outdoor air, climate, power and gas reliability, future growth, cryobank size, 

infection-control approach, quality system and the laws or accreditation requirements that apply in that 

jurisdiction. A compact centre and a high-volume centre may follow the same safety principles while requiring 

very different solutions. 

 

Figure 5. IVF laboratory performance is multifactorial. Reinforces that design is one contributor within a wider 

biological, clinical, technical and quality system. Source: Original educational illustration created for Inside Embryo 

by Aurion. 
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INTERPRETATION CAUTION 

A well-designed laboratory reduces avoidable variation and supports reliable practice. It does not isolate or override 

patient biology, gamete competence, embryo development, treatment decisions, operator skill, consumables or clinical 

factors. A single environmental measurement should not be treated as a guaranteed predictor of an individual ART 

outcome. 

 

7. Observation and Basic Interpretation 

What can a beginner observe? 

During a supervised laboratory tour, a learner can observe the specimen pathway, the location of incubators and 

microscopes, whether embryo-handling areas are protected from unnecessary traffic, how materials enter, 

where documentation and witnessing occur, how gases and power reach critical equipment, where cryostorage is 

situated, and what alarms or backup systems are visible. The most useful questions are not “Is this room 

modern?” but “What risk is this feature controlling?” and “How would the system behave if something failed?” 

Environmental or quality data can also be observed at a basic level: room and incubator trends, alarm logs, 

maintenance records, qualification status, particle or VOC monitoring where used, and deviation/CAPA records. 

These data describe the performance of the laboratory system. They do not diagnose infertility or prove the 

developmental competence of a particular embryo. 

Table 3. Expected observations, variations and limits of interpretation  

Observation Expected principle Important variation Interpretation limit 

Specimen route Short, logical route with clear hand-offs Building constraints may require 

controlled transfer steps 

Longer route is not 

automatically unsafe if validated 

controls are robust. 

Air / environmental trends Stable results within locally validated 

limits 

Seasonal or occupancy-related 

changes can occur 

Interpret trends, calibration and 

sampling context—not one 

isolated value. 

Access and traffic Restricted access and predictable 

movement 

Training, maintenance or 

emergencies increase traffic 

temporarily 

Extra traffic requires controlled 

procedures, not automatic blame 

for outcome. 

Incubator use Capacity supports workload without 

excessive disturbance 

Cycle peaks alter occupancy Capacity planning and handling 

practice matter together. 

Alarm system Defined alarms, escalation and testing 

records 

Alarm thresholds differ by device 

and validation 

An alarm is useful only if 

detection, notification and 

response are reliable. 

Cryostorage Separate safety controls, restricted 

access, monitoring 

Facility layout varies by 

jurisdiction and building 

Safety engineering and risk 

assessment govern the final 

solution. 

Materials / odour Low-emission, cleanable environment New construction may require 

off-gassing period 

Odour is a warning clue, not a 

quantitative VOC measurement. 
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Observation Expected principle Important variation Interpretation limit 

Performance indicators Reviewed laboratory KPIs and QC 

trends 

Biological case-mix varies over 

time 

Association does not prove that 

one design variable caused a 

clinical change. 

Educational interpretation table. Local accepted ranges and actions must come from validated SOPs, equipment specifications and 

applicable regulation. 

8. Normal or Expected Findings and Important Variations 

Unlike a blood test, laboratory design does not produce a single “normal result”. Expected findings are system 

features: logical zoning, cleanable materials, controlled access, appropriate environmental control, reliable 

utilities, qualified equipment, functioning alarms, defined backup plans and evidence that the laboratory 

monitors what it has identified as critical. Variation is normal because different centres have different buildings, 

workloads and regulatory contexts. 

Technical variation can arise from sensor position, calibration, sampling method, occupancy and timing. 

Biological variation arises from the cells and embryos themselves. Operational variation arises from staff 

workload, procedures and maintenance activity. The quality system distinguishes acceptable variation from a 

deviation requiring action. Beginners should therefore avoid memorising one universal room value or 

architectural layout as “normal”. 

9. Comparison: Main Embryology Laboratory vs Cryostorage 

Both areas protect reproductive material, but their dominant risks differ. The main embryology laboratory is 

designed around controlled handling and culture, whereas cryostorage adds major liquid-nitrogen safety and 

long-term inventory risks. ESHRE 2026 recommends a separate cryopreservation facility close to the main 

laboratory, with ventilation, low-oxygen alarms, restricted access, continuous tank monitoring and backup 

capacity.[1] 

 

Figure 6. Main IVF laboratory versus cryostorage. Compares the different environmental, workflow and safety 

priorities of two connected but distinct laboratory areas. Source: Original educational illustration created for Inside 

Embryo by Aurion. 
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Table 4. Side-by-side functional comparison 

Design question Main embryology laboratory Cryostorage 

Primary function Handling, fertilisation, culture, assessment, 

micromanipulation 

Long-term cryogenic storage and inventory control 

Dominant environmental concern Stable culture/handling environment, air quality, 

workflow 

Oxygen-displacement risk, tank integrity, 

monitoring and access 

Typical equipment Incubators, microscopes, heated stages, witnessing 

systems 

LN₂ tanks/dewars, level or temperature 

monitoring, oxygen alarms 

Traffic goal Limit unnecessary movement around critical work Restricted access with safe retrieval/filing 

procedures 

Backup focus Power, gases, incubator/workstation capacity Backup storage capacity, alarm response, LN₂ 

supply and contingency 

Interpretation Supports embryo-handling quality Protects stored reproductive material; does not 

determine embryo competence 

Conceptual comparison based on ESHRE and ASRM laboratory/cryostorage guidance.[1,2,5] 

10. Common Beginner Misunderstandings 

MISCONCEPTION 1 

“A clean room is the same as a sterile room.” 

 

Correct understanding: Cleanroom controls reduce defined contamination risks; sterility is not assumed. Cleaning, 

access control, monitoring and aseptic practice remain necessary. 

 

MISCONCEPTION 2 

“HEPA filtration solves all air-quality problems.” 

 

Correct understanding: HEPA targets particles. VOC source control and chemical filtration are separate layers.[1,3] 

 

MISCONCEPTION 3 

“The newest incubator compensates for poor workflow.” 

 

Correct understanding: Incubator performance is only one layer. Handling time, heated workstations, door openings, 

maintenance, alarms and staff practice also matter. 

 

MISCONCEPTION 4 

“A bigger laboratory is automatically safer.” 

 

Correct understanding: Space must be functional. Excessive distance can lengthen specimen routes; insufficient space 

can cause crowding. Workload and workflow determine need. 
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MISCONCEPTION 5 

“Cryotanks should be inside the embryo room so they are close.” 

 

Correct understanding: Cryostorage has distinct safety requirements and is recommended as a separate nearby 

facility.[1] 

 

MISCONCEPTION 6 

“If the room temperature is correct, the embryo is at the correct temperature.” 

 

Correct understanding: The cell experiences the temperature of its immediate medium and handling system. Room 

temperature is only one outer layer. 

 

MISCONCEPTION 7 

“One excellent environmental reading proves the lab is safe.” 

 

Correct understanding: Quality relies on validated limits, calibration, trend monitoring, risk assessment and response—

not one snapshot. 

 

MISCONCEPTION 8 

“Good design guarantees pregnancy.” 

 

Correct understanding: Design controls avoidable laboratory risk. Patient biology, gametes, embryo competence and 

clinical factors remain major determinants of outcome. 

 

11. Practical Laboratory Relevance 

LABORATORY PERSPECTIVE 

When entering a new IVF laboratory, follow one hypothetical oocyte from retrieval to culture. Note each door, pass-

through, work surface, witnessing point, heated area and incubator opening. Then repeat the exercise for a semen 

sample, an embryo destined for biopsy and a cryopreserved specimen. Good design should make these routes 

understandable and controlled. If a safe action requires awkward detours, repeated crossings or frequent interruptions, 

the workflow deserves review. This exercise is observational only; changes to laboratory layout or practice require formal 

risk assessment and approval. 

 

Practical design decisions should be made through the laboratory quality system, not by individual preference. 

Changing an incubator location, HVAC setting, cleaning product, flooring material, gas line or witnessing 

workflow can have system-wide effects. Current ESHRE recommendations explicitly include change control, 

validation of critical processes and qualification of critical equipment within laboratory quality management.[1] 
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12. Beginner Case Study 

Fictional scenario: a growing IVF unit 

Background. A fictional fertility centre is expanding from a small laboratory to a higher-volume service. The 

current room is adjacent to the retrieval area, but staff also pass through it to reach a general store. Cryostorage 

tanks are located in a corner of the working laboratory. A renovation is planned, and new wall finishes have a 

noticeable odour. 

Observation. The team maps specimen flow and finds that embryo work shares a traffic route with supply 

movement. Cryostorage adds liquid-nitrogen activity to the main work area. The new construction introduces a 

potential VOC source. The existing alarm system sends local alerts but has not been tested for after-hours 

notification. 

Relevant factors. Workload, traffic, off-gassing, air system capability, cryogenic safety, alarm escalation, power 

backup and local construction/safety rules all matter. There is no evidence that these observations have caused a 

specific failed IVF cycle. 

Interpretation. The design review identifies foreseeable risks that should be assessed by the laboratory director, 

quality team and qualified engineering/safety specialists. Current good-practice guidance supports separating 

cryostorage from the main working area, minimising unnecessary traffic, allowing off-gassing after renovation 

and validating/monitoring critical systems.[1,4] 

What cannot be concluded. The team cannot conclude that an embryo failed to develop because of the store 

route, the tank location or an odour. Nor can it assume that the redesigned room will improve live-birth rates. 

Those are causal or outcome claims that require evidence beyond a design observation. 

CASE LEARNING POINT 

Laboratory design reviews are strongest when they identify controllable risks, define verification methods and connect 

actions to the quality system—without overclaiming biological causation. 

 

13. Basic Troubleshooting Logic 

Troubleshooting in an IVF laboratory starts with specimen protection and verification, not with improvisation. 

If an environmental or equipment deviation appears, confirm the observation using appropriate independent 

checks, review the clinical and laboratory context, assess equipment and utilities, follow validated contingency 

procedures, escalate to competent personnel and document what happened. Root-cause analysis should 

consider the whole system rather than assuming the first abnormal value is the cause. 
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Figure 7. Basic troubleshooting logic. Provides a safe cognitive sequence for recognising and escalating a laboratory 

deviation without replacing the institution’s SOP or professional competency requirements. Source: Original 

educational illustration created for Inside Embryo by Aurion. 

For example, if a room VOC trend increases after renovation, the investigation may need to examine 

measurement validity, construction materials, cleaning agents, air handling, door traffic and off-gassing. If an 

incubator alarm occurs, the priority is to protect specimens according to the contingency SOP, then assess the 

device, power, gases, sensors and alarm pathway. The appropriate response belongs to trained staff acting 

within the laboratory’s validated procedures.[1,6] 
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14. Practical Tips for Beginner Learners 

PRACTICAL TIPS 

• Think in pathways: follow the specimen, not the furniture. 

• Ask what risk each room, door, pass-through, alarm and filter is intended to control. 

• Distinguish room conditions from the micro-environment inside a culture dish or incubator. 

• Remember that HEPA filtration and VOC control address different contaminant classes. 

• Look for redundancy and escalation: what happens if power, gas, an incubator, a sensor or an alarm fails? 

• Notice human factors—bench height, microscope posture, crowding, interruptions and documentation space. 

• Treat cryostorage as a specialised safety system, not simply as a place to keep tanks. 

• Do not interpret a single QC measurement as a guaranteed predictor of pregnancy or embryo competence.  

• Use current guidance as a framework, then check the law, accreditation rules and SOPs that apply locally.  

• When uncertain, escalate to the laboratory director or competent specialist rather than inventing a workaround.  

 

15. Limitations and Uncertainty 

Laboratory design evidence is difficult to separate from the rest of IVF practice. Centres that redesign their 

laboratories may simultaneously change incubators, media, staffing, protocols, quality systems or clinical 

strategies. Patient case-mix also changes. For this reason, an association between a laboratory feature and an 

outcome does not automatically prove causation. The Cairo consensus literature and current good-practice 

recommendations are therefore valuable as integrated risk-control frameworks, even when high-quality 

outcome evidence for every architectural detail is limited.[1,3,4] 

Technical uncertainty includes measurement error, sensor placement, calibration, sampling strategy and 

differences among HVAC or filtration systems. Observer variation can occur when staff evaluate workflow or 

environmental events. Regulatory uncertainty arises because requirements differ by country and may change 

over time. This guide has a global educational scope and does not claim that ESHRE or ASRM recommendations 

are legally binding outside their intended contexts. 

Most importantly, a design review cannot diagnose infertility, determine an embryo’s chromosomal status, 

guarantee fertilisation, predict implantation with certainty or promise live birth. It can identify whether a 

laboratory system appears designed and managed to control foreseeable environmental, operational and safety 

risks. 

16. Key Takeaways 

 IVF laboratory design is a biological, engineering, safety and quality system—not interior decoration. 

 The goal is to support stable handling, clear workflow, traceability, safety and resilience. 

 Good adjacency reduces unnecessary specimen movement; incompatible activities should be separated by 

risk. 

 Air-quality control is layered: source control, HEPA, VOC control, air movement, operational discipline and 

monitoring all matter. 
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 Critical equipment requires suitable capacity, qualification, maintenance, monitoring, alarms and backup 

planning. 

 Cryostorage has distinct liquid-nitrogen hazards and should be managed as a specialised, separately 

controlled facility. 

 Human factors such as ergonomics, interruptions and crowding are part of laboratory safety. 

 Validation and quality management turn a designed room into a reliable operating laboratory. 

 One floor plan or numerical set-point is not universally correct; workload, equipment, climate and 

regulation change the solution. 

 Laboratory observations and QC data describe system performance, not an individual embryo’s destiny. 

 Current guidance must be combined with local law, accreditation requirements, manufacturer instructions 

and institutional SOPs. 

 A well-designed laboratory can reduce avoidable risk, but ART outcomes remain multifactorial. 

17. One-Page Rapid Revision 

CORE DEFINITION 

IVF laboratory design is the planned integration of workflow, zoning, environmental control, utilities, equipment, safety 

and quality systems used to support handling of gametes and embryos. 

 

Rapid revision map 

Revision cue Remember 

Major stages Define service → map flow → zone → engineer environment → plan utilities/equipment → select 

materials → qualify/validate → monitor. 

Essential terms Workflow, zoning, HVAC, HEPA, VOC, positive pressure, qualification, validation, traceability, 

cryostorage. 

Key factors Workload, services, patient/gamete/embryo biology, air, temperature, gases, equipment, staff, 

quality system, local regulation. 

Major limitation Design reduces avoidable risk but cannot guarantee fertilisation, embryo development, 

implantation, pregnancy or live birth. 

Main lab vs cryostorage Main lab prioritises controlled handling/culture; cryostorage prioritises long-term specimen security 

plus liquid-nitrogen safety. 

Exam cue When asked “why?”, link each design feature to the risk or process it is intended to control.  

Mini process flow 

1  MAP 2  ZONE 3  CONTROL 4  QUALIFY 5  MONITOR 

Define the need → arrange the pathway → engineer controls → verify performance → trend and improve. 
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Figure 8. From design to reliable operation. Shows that a good floor plan becomes a dependable IVF laboratory only 

through qualification, validation, monitoring and continuous review. Source: Original educational illustration 

created for Inside Embryo by Aurion. 

18. Glossary 

Aseptic handling: Practices intended to reduce introduction of unwanted microorganisms during controlled 

laboratory work. 

Backup power: Alternative electrical supply available when the primary source fails. 

CAPA: Corrective and preventive action; a structured quality process addressing a problem and reducing 

recurrence. 

Chemical filtration: Air-treatment media intended to reduce gaseous contaminants such as some VOCs. 

Commissioning: Structured verification that building systems are installed and function according to design 

intent before routine use. 

Embryology laboratory: Specialised IVF laboratory where oocytes and embryos are handled and cultured. 

Environmental monitoring: Planned measurement and trend review of defined environmental parameters. 

HEPA: High-efficiency particulate air filter. 

HVAC: Heating, ventilation and air-conditioning system. 

Incubator: Equipment that maintains defined culture conditions for gametes or embryos. 

LN₂: Liquid nitrogen; commonly used for cryogenic storage and capable of displacing oxygen. 

Micro-environment: Immediate local environment around a specimen, such as the culture medium in a dish 

or incubator chamber. 

Osmolality: Concentration of osmotically active particles in a solution; relevant to culture media. 

Positive pressure: Room pressure relationship that encourages air to move outward towards adjacent lower-

pressure areas. 
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Qualification: Documented evidence that equipment or systems are installed and operate as intended. 

Quality control (QC): Routine checks used to verify that defined conditions remain within accepted limits. 

Quality management system (QMS): Organised framework for procedures, training, documentation, risk, 

audits, change control and improvement. 

Redundancy: Planned backup capacity for a critical function or item of equipment. 

SOP: Standard operating procedure; an approved controlled instruction for performing a laboratory activity. 

Traceability: Ability to track identity, location and history of a specimen or process. 

Validation: Documented evidence that a process reliably achieves its intended purpose under defined 

conditions. 

VOC: Volatile organic compound; a chemical capable of evaporating into room air. 

Witnessing: Independent or electronic verification of critical identity-sensitive laboratory steps. 

Zoning: Organising laboratory space into areas with defined functions, access and environmental 

requirements. 

 

19. Knowledge Check 

Multiple-choice questions 

1. Which statement best defines IVF laboratory design? 

 A. The choice of wall colour and furniture 

 B. The integration of workflow, environment, utilities, equipment, safety and quality systems 

 C. The embryo grading system 

 D. The ovarian stimulation protocol 

2. Why is HEPA filtration not a complete air-quality strategy? 

 A. HEPA works only at night 

 B. HEPA removes gases but not particles 

 C. VOCs require separate source/chemical control 

 D. HEPA is used only in cryostorage 

3. Which adjacency is generally useful when feasible? 

 A. IVF lab close to the oocyte-retrieval/procedure room 

 B. Cryostorage inside the embryo workbench 

 C. Office inside the incubator area 

 D. Fixative work next to embryo culture 

4. What is the safest interpretation of a well-designed IVF laboratory? 

 A. It guarantees live birth 

 B. It removes biological variation 

 C. It reduces avoidable laboratory and safety risks 

 D. It makes SOPs unnecessary 
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5. What is a major reason to separate cryostorage? 

 A. Embryos need bright light 

 B. Liquid nitrogen can displace oxygen and requires specialised safety controls 

 C. Tanks cannot be monitored 

 D. Cryostorage has no relevance to traceability 

 

 

6. Which is an example of a human-factor design issue? 

 A. Bench and microscope ergonomics 

 B. Embryo ploidy 

 C. Oocyte age 

 D. Endometrial receptivity 

7. What should happen before a critical system is used clinically? 

 A. It should simply be switched on 

 B. Qualification/validation appropriate to the system should be documented 

 C. It should be decorated 

 D. The manufacturer manual should be discarded 

8. A single abnormal environmental reading should first be treated as: 

 A. Proof of the cause of a failed cycle 

 B. A reason to ignore the SOP 

 C. A finding to verify and interpret in context 

 D. A guarantee that all embryos were harmed 

9. Which statement about andrology space is most accurate? 

 A. It always needs identical air conditions to embryo culture 

 B. All andrology work should occur inside cryostorage 

 C. Its design depends on the activity; sterile preparation requires appropriate separation 

 D. It requires no quality system 

10. What is the purpose of redundancy? 

 A. To create unnecessary equipment 

 B. To provide backup for critical functions if one component fails 

 C. To guarantee pregnancy 

 D. To reduce documentation 

True / False 

1. Positive pressure may be one layer of laboratory air-quality control.  True / False 

2. A visually clean room is automatically VOC-free.  True / False 

3. Cryostorage safety includes oxygen-displacement risk.  True / False 

4. A good laboratory design can guarantee implantation.  True / False 
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5. Local regulation and institutional SOPs remain necessary even when international guidance is used.  True / 

False 

Short-answer revision questions 

1. Why is specimen workflow important in IVF laboratory design? 

2. Name four layers of air-quality or environmental control. 

3. Why should cryostorage be considered separately from the main embryology laboratory? 

4. What is the difference between qualification/validation and routine monitoring? 

5. Give two examples of conclusions that a laboratory-design review cannot make. 

Answer Key 

MCQ: 

1. B. Design is a system around laboratory handling, not an interior-design exercise. 

2. C. HEPA is primarily a particle-control technology; VOC control is a distinct need. 

3. A. Short, controlled routes can reduce unnecessary handling time. 

4. C. Design supports risk control and reliable operation but cannot guarantee biological outcomes. 

5. B. Cryogenic facilities need ventilation, low-oxygen alarms, access control and monitoring. 

6. A. Workstation ergonomics and interruptions can affect staff performance and error risk. 

7. B. Critical systems require documented evidence that they perform as intended. 

8. C. Measurement validity, trends, context and predefined actions matter. 

9. C. ASRM notes that andrology may share space, but sterile preparation needs physical separation and it may 

not require identical IVF-lab air features.[2] 

10. B. Redundancy reduces single points of failure in critical laboratory functions. 

 

True/False: 

T/F 1. True. 

T/F 2. False. 

T/F 3. True. 

T/F 4. False. 

T/F 5. True. 

 

Suggested short-answer themes:  

(1) short, traceable routes reduce unnecessary handling and crossing 

(2) source control, HEPA/chemical filtration, engineered airflow/pressure, operational discipline and 

monitoring 
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(3)  liquid-nitrogen hazards, monitoring, access and long-term inventory security 

(4) qualification/validation demonstrate intended performance, while monitoring confirms ongoing control 

(5) it cannot diagnose infertility, determine embryo genetics, or guarantee fertilisation, implantation, pregnancy 

or live birth. 

20. Continue Learning on Inside Embryo 

 

CONTINUE LEARNING 

Related article: IVF Laboratory Design 

Explained: Core Principles for Safe, Stable Embryo 

Culture 

Current learning hub: insideembryo.com/ivf-

laboratory-science/ 

The exact article permalink was not available at document 

production, so this guide does not fabricate an article-specific 

QR. The supplied Inside Embryo QR is preserved exactly and 

links to the platform; replace only when the final article 

permalink is confirmed. 

21. Follow Inside Embryo 

 

FOLLOW INSIDE EMBRYO 

Instagram: @INSIDE_EMBRYO_ 

Follow for reproductive-science diagrams, learning 

resources and new Inside Embryo updates. 

22. Further Reading 

 ESHRE recommendations on Good Practice in the IVF laboratory (2026) — current broad good-practice 

framework for IVF laboratory organisation and procedures.[1] 

 ASRM/SRBT comprehensive laboratory guidance (2022) — detailed United States guidance on embryology, 

andrology and endocrinology laboratory management and operations.[2] 

 Cairo consensus on IVF laboratory environment and air quality (2018) and culture conditions (2020) — 

specialist consensus on environmental control and culture-system principles.[3,4] 

 ASRM/SART/SRBT cryostorage committee opinion (2020) — useful focused reading for reproductive-tissue 

storage systems and safety.[5] 

https://insideembryo.com/ivf-laboratory-science/
https://insideembryo.com/ivf-laboratory-science/
https://www.instagram.com/inside_embryo_/
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 Lagunov, Crowe and Swain, “Establishing and Equipping a New IVF Laboratory” (2023) — textbook chapter 

on laboratory set-up and equipment planning.[8] 
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EVIDENCE NOTE 

The 2026 ESHRE recommendations are the most current broad professional guidance used here. They combine 

literature with expert consensus and explicitly state that not all recommendations are supported by direct evidence and 

that guidance does not guarantee a specific outcome.[1] ASRM guidance is cited as a United States professional 

framework; its regulatory details should not be applied automatically to other jurisdictions. 
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