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ABSTRACT

Traceability in IVF laboratories goes far beyond the correct identification of gametes and embryos: it
is the system that makes it possible to reconstruct every step of the process, identify the causes of
errors, ensure patient safety, and support continuous quality improvement. By comparing
international standards with the operational realities of India and South Asia, this article shows how
quality, organizational practices, and a culture of traceability form the true foundation of safety in
IVF laboratories, regardless of the level of technology available.

Why the safety of an IVF cycle depends less on the machines a laboratory owns than

on the discipline of never losing track.

Every IVF cycle carries a quiet promise: that the right embryo reaches the right parent,
and that nothing entrusted to the laboratory is ever lost. The fundamentals are the
same everywhere. What a laboratory can keep depends on what it can afford. A view
from India, and a story shared across South Asia.

The price of a broken chain

On a quiet weekend in March 2018, two American fertility centres suffered cryostorage
failures within days of each other. No scientist failed. No technique fell short. At one, in
Cleveland, the remote alarm meant to warn an on-call embryologist that a tank was
slowly warming had been switched off. Across two silent nights, nearly four thousand

eggs and embryos warmed past saving." How does a field this advanced, one that can
spark life in a dish and read the chromosomes of a single cell, still lose everything to
something so small? The answer is the least glamorous word in the laboratory.
Traceability. And what happened in Cleveland could just as easily happen in Chennai.

More than mixing up an embryo

We usually picture traceability narrowly: the right sperm meeting the right egg, the right
embryo going back to the right woman. That matters enormously, but it is only half the
story. Traceability has a second face, and embryologists feel it most on the days
something goes wrong. A fertilisation rate collapses. A batch of embryos arrests. A
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culture turns. When that happens, the only thing that saves you is the ability to look
back and ask what changed. Which lot of media was open that morning? Was it the
gametes? Had the air quality slipped? Without records tying every variable to every
cycle, you are left guessing. With them, you can find the culprit and correct it. This is
the real spine of quality management: not just preventing the wrong embryo, but

explaining the failed one."

That chain runs through everything the laboratory touches: the media and disposables,
each with a lot number and expiry; the liquid nitrogen and the freezers that hold years
of life at minus 196 °C. A break anywhere is as grave as a mislabelled dish, and
traceability is, ultimately, supply-chain safety in a laboratory coat.

What the world has built

Some systems have grown up around this. In Europe, every donated gamete and
embryo has to be traceable from donor to recipient and back, through a Single

European Code that has been mandatory since 2017.° The ESHRE-Alpha Vienna

consensus laid down nineteen indicators a laboratory can measure itself against.*
Electronic witnessing uses radio tags or barcodes so only one patient’s samples sit at a
bench, and over a decade it has kept mismatch events to roughly one in a thousand

witnessing steps.’ But enthusiasm needs a check. Time-lapse incubators and Al scoring
promise objectivity, yet few laboratories own them, and many that do cannot spare the

hours the annotation still takes. Al could carry that load,® though its price decides who
gets to use it. In the largest trial so far, deep-learning selection was not shown to beat

an experienced embryologist’s judgement.” For now, the machine sharpens human
judgement. It does not replace it.

A tale of two Indias

Across South Asia the challenge is the same, and in India it becomes a tale of two
countries inside one. In the first, the big private chains run more time-lapse incubators
than some nations own, and witnessing and traceability systems that were rare here a
few years ago are spreading fast. In the second, out in the tier-three towns and the
smaller cities, laboratories with just as much skill work without a single one of these
machines. Of the thousands of fertility centres across the country, only a fraction have
such tools. India has everything and nothing at once.

The reasons are cost and structure. One witnessing system can cost a small clinic its
whole yearly margin. You will find a centre with a gleaming incubator that still logs its
nitrogen in a paper notebook, or runs flawless ICSI through an afternoon power cut. The
quieter problem runs deeper. IVF in India, as in much of South Asia, is almost entirely
private, and the universities that usually drive research rarely run fertility units. So the
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research engine that would let India generate its own evidence is only beginning to take

shape. India is shaping its own response: there is now a national registry of clinics,® and
the ISAR consensus guidelines that spell out what is expected for patient and gamete

traceability, for consumables, for laboratory indicators.”*® Neighbouring countries face
the same challenge, each at its own stage of response. What is short is not ambition but
reach, and reach can be built.

What can be done

None of this calls for despair. Traceability does not start with a purchase. It starts with
habits that cost very little: one patient at a bench, honest witnessing, written steps
people actually follow, and faithfully kept logs of nitrogen, media and incubator
readings. After that the climb is tiered: lock down the cheap foundations first, add
electronic witnessing next for the most safety per rupee, then reach for Al where
volume and local validation justify it, always with a human making the final call. The
principles are universal: a shared identity code, a culture of records, a habit of checking
and re-checking. India can shape them to its own context, and build the research
centres that let it generate its own evidence and add to the wider picture.

The take-home

If one thought follows you home, to New Delhi or to Rome, let it be this. Traceability is
not a luxury you buy once the budget allows. It is a way of working, open to any
laboratory by tomorrow morning, that treats every gamete, every embryo and every
tank of nitrogen as both a fragile life and a record that must never break. Even one
mismatch in a thousand is one too many when a family’s only embryos are at stake. So
the bar has to rise. In the language of quality, the goal has a name: Six Sigma, error
measured in a few parts per million. For something as precious as an embryo, that is the
right ambition. The machines will keep getting better, but the habit has to come first,
along with the humility to leave the alarm switched on. The work that is left, for a
society and for every embryologist in it, is to make that habit ordinary rather than
exceptional, so that the India of everything and the India of nothing become a single
India that simply keeps its word.
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