REFLECTIONS

Automated identification of
rare sperm hecomes possible:
Is sperm selection the next
frontier in male infertility?

Treatment modalities that help men with infertility achieve
their goal of having a healthy child have undergone multiple
stepwise advancements over the years—from assisted repro-
ductive technology and intracytoplasmic sperm injection
(ICSI) to the use of microscopic sperm extraction techniques
to diagnostic technologies such as whole-genome sequencing
and sperm function testing (1). Advancements such as micro-
scopic sperm extraction have allowed physicians to be more
efficient in collecting seminiferous tubules that are more
likely to contain sperms (2); however, laboratory tissue pro-
cessing after microscopic collection remains a challenge
because the process is currently performed manually; can
require 12-14 hours of careful examination; and is dependent
on the examiner’s level of expertise, fatigue, and ability to
visualize sperms (3). The automation of this tedious process
could facilitate greater efficiency of andrology laboratory
personnel and supplement their initial searches, which could
be especially helpful in cases of nonobstructive azoospermia
(NOA). Lee et al. (4) demonstrated this automation in their
study; the investigators used a machine learning algorithm
to detect rare sperm in microscopic testicular sperm extrac-
tion samples from men with NOA using bright-field micro-
scopy. The investigators trained their convolutional neural
network using bright-field images paired with fluorescent-
tagged sperm images to establish the ground truth before
algorithm validation. Overall, the algorithm had 95.8% sensi-
tivity, with a 91% positive predictive value. Lee et al. (4)
demonstrated the ingenious use of machine learning technol-
ogy to provide an additional tool for laboratory personnel
while searching for sperms in men with NOA.

Automation to identify sperms in the andrology labora-
tory could allow more efficient and more effective identifica-
tion of rare sperms, which would be a substantial
advancement in the field of male infertility. However,
although sperm identification remains crucial, there are
currently no nondestructive technologies or processes that
allow the evaluation of the quality of the sperm after it is
retrieved. The next breakthrough in sperm collection and pro-
cessing will be the identification of the most viable sperm for
use in ICSI or sperm selection. Embryo selection has under-
gone significant advancements over the years; the current
modalities of embryo assessment rely either on embryo
growth over a period of days and subsequent grading based
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on subjective morphology or destructive testing of nonessen-
tial cells in the trophectoderm (preimplantation genetic
testing); neither of these options can be applied to sperm se-
lection. As such, novel modalities for sperm selection will
need to be developed; the most promising approach may be
through nondestructive imaging techniques. Technologies
such as Raman spectroscopy and quantitative phase imaging
provide the ability to assess cellular contents, including aneu-
ploidy, methylation, and DNA packaging, all of which could
help identify sperms that can lead to the most optimal embry-
onic development (5). As technologies such as machine
learning to automate rare sperm identification become more
widespread and potentially allow for the identification of a
few rare sperms in men who previously had no sperms iden-
tified, the subsequent selection of the most optimal sperm for
use in ICSI will become more and more essential. We believe
that continued, stepwise advancements and wide implemen-
tation of these technologies will further help couples with
infertility achieve their goal of a healthy child.
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