
FHIMA                                                                                                       Vol 2, Issue 2, April-June.- 2026           

Rao,2026.                                                                      www.curevitajournals.com                                             43 

Emerging Technologies in Indian In-Vitro Fertility (IVF) Labs: 
Time-Lapse Imaging, AI-Based Embryo Scoring, and Beyond 

Madhusdhana Rao Sirlapu  

Abstract 

Advances in assisted reproductive technologies (ART) have transformed in vitro fertilization (IVF) practices 

worldwide, and India has emerged as one of the fastest-growing hubs for clinical and laboratory innovation. This 

review examines emerging technologies reshaping Indian IVF laboratories, with a focus on time-lapse embryo 

imaging systems, artificial intelligence (AI)-based embryo scoring models, improved culture systems, microfluidics, 

and precision genomics. Time-lapse incubators have improved embryo developmental monitoring without 

compromising culture stability, while AI-driven prediction models enhance embryo selection accuracy and reduce 

subjectivity among embryologists. The increasing adoption of automation, non-invasive biomarkers, and digital 

workflow management has further optimized laboratory efficiency and outcomes in high-volume Indian IVF centres. 

Despite promising advancements, barriers related to cost, training, data privacy, standardization, and regulatory 

frameworks persist. This review synthesizes technological progress, current applications, limitations, and future 

opportunities to integrate next-generation reproductive technologies across India’s IVF ecosystem. 

Keywords: IVF India, Time-lapse imaging, AI embryo scoring, Assisted reproductive technologies, Microfluidics, 

Precision reproductive medicine, Embryology innovations. 
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Research Highlight ● Continuous Physiological 

Stability: Time-lapse incubators 
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(e.g., EmbryoScope) have 

redefined the laboratory 

environment. By eliminating 

the need to remove embryos 

for daily checks, labs maintain a 

static micro-environment, 

temperature, and pH), which 

research suggests significantly 

reduces oxidative stress on the 

developing blastocyst. 

● AI-Enhanced Selection 

Accuracy: Deep-learning 

algorithms, specifically 

Convolutional Neural 

Networks (CNNs), are now 

achieving up to 75% accuracy in 

predicting implantation 

potential. These models 

identify "morphokinetic" 

milestones—subtle timing cues 

in cell division—that are often 

imperceptible to the human 

eye. 

● Democratization of Expertise: 

In high-volume Indian clinics, AI 

serves as a vital "decision-

support" tool. It effectively 

standardizes embryo grading 

across multi-center chains, 

ensuring that a patient in a Tier-

2 city receives the same level of 

diagnostic precision as one in a 

Tier-1 metropolitan hub. 

● The "Beyond" Frontier: The 

2025–2026 research cycle 

highlights a move toward Non-

Invasive Preimplantation 

Genetic Testing (niPGT). By 

analyzing cell-free DNA in the 

culture media, Indian labs are 

beginning to screen for 

chromosomal abnormalities 

without the physical risks 

associated with traditional 

embryo biopsies. 

 

1. Introduction 

India is currently among the world’s 

leading destinations for assisted 

reproduction, with increasing demand 

driven by delayed parenthood, rising 

infertility rates, improved 

socioeconomic conditions, and 

expanding ART accessibility, 

Armstrong, et al. (2022). Over the last 

decade, IVF laboratories in India have 

transitioned from conventional 

embryology workflows to 

technologically advanced, semi-
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automated systems that enhance 

embryo assessment, improve culture 

conditions, and support evidence-

based clinical decisions, Mrugacz, G., 

et al. (2025). 

Traditional IVF practices—relying on 

subjective morphological assessment, 

limited observation windows, and 

manual documentation—pose 

challenges in predicting implantation 

potential and ensuring consistency 

across embryologists. Emerging 

technologies such as time-lapse 

embryo imaging, AI-driven embryo 

assessment, microfluidics-based 

gamete handling, and next-

generation genetic screening are 

addressing these limitations,Sania, R. 

(2025). 

Review of Literature 

This paper reviews cutting-edge 

innovations introduced in Indian IVF 

labs, emphasizing their principles, 

applications, clinical performance, 

benefits, and barriers to widespread 

adoption. 

In 2026, the landscape of Assisted 

Reproductive Technology (ART) in 

India is undergoing a profound digital 

transformation. Once a field defined 

by manual precision and the 

subjective "eye" of the embryologist, 

the modern Indian IVF lab has evolved 

into a high-tech ecosystem driven by 

data, automation, and clinical 

intelligence. 

As India reinforces its position as a 

global hub for affordable yet 

advanced medical care, the 

integration of Time-Lapse Imaging 

(TLI) and Artificial Intelligence (AI) is 

no longer a futuristic promise but a 

standard of excellence. These 

technologies address the two most 

critical challenges in fertility 

treatment: maintaining the 

physiological integrity of the embryo 

and identifying the single most viable 
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candidate for implantation, Qi et al., 

2025. 

Key Pillars of Innovation in Indian IVF 

The current shift is defined by several 

breakthrough technologies that work 

in tandem to improve success rates: 

● Time-Lapse Imaging (The 

"Embryoscope"): Unlike 

traditional methods that 

require removing embryos from 

an incubator for daily checks—

exposing them to 

environmental stress—TLI uses 

built-in cameras to capture 

thousands of images in real-

time. This provides a 

continuous "video" of 

development, ensuring a 

stable, undisturbed 

environment, Hammond et al., 

2019. 

● AI-Based Embryo Scoring: By 

applying deep-learning 

algorithms to TLI data, labs can 

now rank embryos based on 

"morphokinetic" patterns—

subtle timing and division cues 

invisible to the human eye. This 

objective scoring reduces 

human bias and significantly 

improves the selection of 

embryos with the highest 

implantation potential. 

● Beyond the Microscope: The 

frontier of 2026 extends into 

Non-Invasive Preimplantation 

Genetic Testing (niPGT), which 

analyzes DNA in the culture 

medium without needing a 

biopsy, and Robotic ICSI, which 

automates the delicate process 

of sperm injection to ensure 

unmatched precision. 

This introduction to the next era of 

Indian IVF explores how these 

emerging tools are moving the needle 

from "generalized" protocols to 

Personalized Fertility Care, ultimately 

shortening the journey to parenthood 
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for millions of couples,Tian et al., 

2021. 

The literature regarding emerging 

technologies in Indian IVF labs reflects 

a pivotal shift from subjective, manual 

observations to data-driven, 

automated precision. As of 2026, the 

academic and clinical discourse 

focuses on the efficacy, 

standardisation, and ethical 

integration of these tools. 

1. Time-Lapse Imaging (TLI) and 

Morphokinetics 

Recent studies highlight TLI as the 

"gold standard" for maintaining a 

stable culture environment. Unlike 

traditional "snapshot" assessments, 

TLI provides a continuous stream of 

data, Di et al., 2023. 

● Stability and Environment: 

Research confirms that TLI 

reduces embryo stress by 

eliminating the need to remove 

embryos from incubators for 

daily inspections (ISAR, 2025). 

● Predictive Markers: Literature 

identifies specific 

morphokinetic parameters—

such as the timing of the second 

and third cell divisions ($t2$, 

$t3$)—as critical biomarkers 

for implantation success. A 

2022 randomized trial 

(Armstrong et al.) 

demonstrated that TLI reduced 

inter-observer grading 

discrepancies by 30% compared 

to traditional methods. 

2. Artificial Intelligence (AI) in 

Embryo Selection 

The integration of AI is the most 

documented advancement in recent 

Indian clinical reviews. 

● Objective Scoring: AI models, 

particularly those using 

Convolutional Neural 

Networks (CNNs), analyze 
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thousands of time-lapse images 

to identify patterns invisible to 

the human eye. Studies show 

AI-only selection can achieve up 

to 66% accuracy in predicting 

clinical pregnancy, significantly 

outperforming the average 38-

40% accuracy of embryologists 

alone (JMIR, 2024). 

● Decision Support: Literature 

suggests AI acts as a vital 

"second opinion." For junior 

embryologists ($<5$ years 

experience), AI guidance has 

been shown to raise 

performance levels to match 

those of senior consultants, 

effectively standardizing care 

across urban and rural Indian 

clinics. 

3. Non-Invasive Preimplantation 

Genetic Testing (niPGT) 

A major area of current debate in 

Indian literature is the move toward 

non-invasive diagnostics. 

● The "Cell-Free" Revolution: 

niPGT analyzes DNA fragments 

released by the embryo into the 

culture medium. Recent 

reviews position it as a 

"gentler" alternative to 

traditional biopsies, which carry 

a small risk of embryo damage. 

● Clinical Caution: Despite its 

promise, a 2026 joint statement 

by the Indian Society for 

Assisted Reproduction (ISAR) 

and the Indian Fertility Society 

(IFS) advises caution. Their 

meta-analysis of 24 studies 

found that niPGT matches 

conventional biopsy results 

only about 78% of the time, 

suggesting it is not yet a 

replacement for traditional 

PGT-A in routine clinical use. 
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4. Automation and Robotic ICSI 

The literature is increasingly exploring 

the "automation of the lab." 

● Precision and Throughput: 

Robotic Intracytoplasmic Sperm 

Injection (ICSI) is being studied 

for its ability to standardize the 

injection process, reducing the 

risk of oocyte damage caused 

by human hand tremors or 

fatigue. 

● Operational Efficiency: Beyond 

the biology, AI is being 

documented for its role in 

"Precision Fertility"—

optimizing ovarian stimulation 

protocols and medication 

dosing to prevent Ovarian 

Hyperstimulation Syndrome 

(OHSS), a critical safety concern 

in the Indian demographic, Zaca 

et al., 2021.

 

Table-1: Comparative Analysis of Technologies (2024–2026) 

Technology Primary Benefit Current Literature Consensus 

Time-Lapse 
Imaging 

Undisturbed culture; 
$t$-point data 

High clinical value for selection; 
cost remains a barrier. 

AI Scoring Objectivity; higher 
pregnancy prediction 

Significant improvement in 
consistency; "trust" is increasing. 

niPGT No embryo biopsy 
required 

Promising but needs higher 
accuracy (78% current match). 

Robotic ICSI Micro-precision; 
automation 

Emerging; likely to become 
standard for high-volume labs. 
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Time-Lapse Embryo Imaging Systems 

in Indian IVF Labs 

Time-lapse imaging (TLI) systems, 

such as EmbryoScope, Eeva, and Geri, 

have been increasingly adopted in 

Indian IVF clinics since 2018, Li  et al., 

2014, Doody et al., 2019. 

 

2.1 Principle and Function 

● Continuous, real-time embryo 

monitoring inside a stable 

incubator 

 

● No need to remove embryos for 

morphological checks 

 

● Captures images every 5–20 

minutes 

 

● Enables analysis of 

morphokinetic parameters 

(e.g., t2, t3, tB) 

 

2.2 Clinical Advantages 

● Minimizes culture disturbances 

 

● Provides dynamic 

developmental data 

 

● Reduces subjectivity in 

selection 

 

● Supports standardization 

across embryologists 

 

3. AI-Based Embryo Scoring Systems 

3.1 Evolution of AI in Embryology 

AI models use deep learning to classify 

embryos based on: 

● Morphology 
 

● Morphokinetics 
 

● Metabolic signatures 
 

● Past clinical outcomes 
 

Indian IVF centres have begun 

integrating AI scoring platforms such 

as iDAScore, Life Whisperer, and 

Tocco.AI. 

 

3.2 Benefits 

● Eliminates inter-observer 

variation 
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● Generates objective scores for 

implantation potential 
 

● Enhances selection for single-

embryo transfer (SET) 
 

● Useful in high-volume Indian 

settings where embryologist 

workload is high 
 

3.3 Challenges in India 

● Limited India-specific datasets 
 

● Variability in lab conditions 
 

● Regulatory threats regarding AI 

in clinical decision-making 
 

● Data privacy and digital 

infrastructure gaps 

 

● High cost restricts availability to 

urban, premium clinics 

 

● Lack of uniform consensus on 

morphokinetic markers for 

Indian populations 

 

● Requires specialized training 

 

 
 
Table -2. Comparison of Common Time-Lapse Systems Used in India. 
 

Feature EmbryoScope Geri TLI Eeva System 

Imaging 
Frequency 

10–15 min 5–10 min AI-supported intervals 

Built-in AI Partial No Yes 

Incubator Type Shared 
chamber 

Individual 
chambers 

External imaging 
module 

Cost (India) High Moderate–High Moderate 

Adoption Level Widely used Growing Limited but rising 

http://www.curevitajournals.com/


FHIMA                                                                                                       Vol 2, Issue 2, April-June.- 2026           

Rao,2026.                                                                      www.curevitajournals.com                                             52 

 

 

 

 

 

 
 

Figure 1. Conceptual Workflow of AI-Based Embryo Scoring 

 

4. Microfluidics and Automation in 
Indian IVF Labs 

Microfluidic systems automate and 
miniaturize processes such as: 

● Sperm selection 
 

● Gamete manipulation 
 

● Culture media exchange 
 

● Embryo handling 

 

Applications in India 

Some advanced labs are using: 

● Microfluidic sperm sorters 
(Zymot) 
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● Chips for non-invasive embryo 
selection 
 

● Automated pipetting systems 
to reduce manual errors 
 

Advantages 

● Lower oxidative stress 
 

● Reduced DNA fragmentation 
 

● Improved gamete purity 
 

● Less technician-dependent 
variability 
 

5. Advances in Genetic and Non-
Invasive Embryo Screening 

5.1 PGT-A and Expanded Genetic 
Panels 

Next-generation sequencing (NGS) 
has improved: 

● Aneuploidy detection 
 

● Carrier screening 
 

● Monogenic disorder diagnosis 
 

India has seen a 40–60% rise in PGT-A 
adoption among Tier-1 city clinics. 

5.2 Non-Invasive PGT (niPGT) 

Uses spent media instead of embryo 
biopsy 
 → reduces embryo damage risk 
 → improves patient acceptance 

Challenges 

● Risk of contamination 
 

● Low DNA quantity 
 

● Requires validation in Indian 
labs 
 

6. Digital IVF Labs and Workflow 
Optimization 

Indian centres increasingly use digital 
platforms for: 

● Embryology documentation 
 

● Quality control tracking 
 

● Barcode-based gamete 
identification 
 

● Cloud storage of TLI videos 

 

This reduces clerical errors and 
enhances traceability. 

7. Barriers to Adoption of Emerging 
Technologies in India 

7.1 Economic Constraints 
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● High cost of TLI systems and AI 
licenses 
 

● Limited reimbursement policies 

 

7.2 Workforce Limitations 

● Shortage of highly trained 
embryologists 
 

● Learning curves for advanced 
equipment 
 

7.3 Regulatory Landscape 

● ART Act 2021 restricts 
unvalidated technology use 
 

● Data governance concerns 
 

7.4 Population Variability 

● Indian embryos may have 
unique morphokinetic profiles 
 

● Need for region-specific AI 
training datasets 
 

8. Future Directions for Indian IVF 

Labs 

1. AI-integrated digital twin 
models for personalized 
stimulation protocols 

2. Standardization of Indian 
morphokinetic databases 
 

3. Blockchain-based gamete 
traceability 
 

4. Widespread adoption of niPGT 
and metabolomics 
 

5. Affordable, indigenous TLI 
systems developed in India 
 

6. National IVF data registry for 
algorithm training 
 

7. Robotic micromanipulation 
systems 
 

9. Conclusion 

Indian IVF laboratories are undergoing 

rapid technological evolution driven 

by the integration of time-lapse 

incubation systems, AI-enabled 

embryo selection, microfluidics, and 

genomic innovations. These systems 

promise higher accuracy, 

standardization, and improved 

success rates across diverse patient 

groups. However, widespread 

adoption depends on cost reduction, 
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regulatory clarity, large-scale Indian 

datasets, and skilled workforce 

development. As India advances 

within global ART standards, emerging 

technologies will play a critical role in 

transforming clinical outcomes and 

expanding equitable access to fertility 

care. 
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