
https://doi.org/10.52764/jms.26.34.2.5 87 J Med Sci 2026 April - June;34(2)87-92

ORIGINAL ARTICLE

Correspondence
Dr. Gul E Rehan
Fellow of Molecular Pathology and Cytogenetics, 
Islamabad Diagnostic Center (IDC), Islamabad, Pakistan
Email: rehangule@gmail.com
Cell: +92-332-9320744
Date Received:	 13/03/2026
Date Revised:	 25/06/2026
Date Accepted: 	 26/06/2026

THE ROLE OF AI ASSISTANCE IN CONVENTIONAL THE ROLE OF AI ASSISTANCE IN CONVENTIONAL 
KARYOTYPING: ENHANCEMENTS, LIMITATIONS, AND THE KARYOTYPING: ENHANCEMENTS, LIMITATIONS, AND THE 

CONTINUING NEED FOR HUMAN EXPERTISECONTINUING NEED FOR HUMAN EXPERTISE

Gul E Rehan, Aftab Ahmad Khan, Rizwan Uppal, Hamid Saeed Malik

Islamabad Diagnostic Center, Islamabad, Pakistan

ABSTRACT
Objectives: This study aimed to assess the performance, efficiency, and limitations of AI-assisted karyotyping using Applied 
Spectral Imaging (ASI) software and to highlight the importance of expert cytogeneticist involvement to ensure that the diag-
nosis is accurate, reliable, and properly interpreted in light of clinical history and laboratory findings.

Material & Methods: A comparative observational study was conducted at Islamabad Diagnostic Center from October 2025 to 
December 2025. A total of 2,305 chromosomes were analyzed using ASI AI-based karyotyping software. Each AI-generated 
karyogram was reviewed by two cytogeneticists. Parameters evaluated in this study included chromosome count accuracy, 
overlap detection, segmentation errors requiring joining or separation, and the correctness of chromosome placement. The 
time required for AI-assisted analysis was compared with that of conventional manual karyotyping.

Results:The AI software detected a mean of 49.34 ± 2.63 chromosomes per metaphase, indicating a tendency toward 
over-segmentation. Chromosomal overlap was observed in 2.30% of cases. Manual joining and separation of chromosome 
segments were required in 7.50% and 4.59% of chromosomes, respectively. Correct placement without human intervention 
was achieved in 82.93% of chromosomes. AI-assisted analysis, including manual verification, required approximately 2 min-
utes per metaphase, compared with 10–15 minutes for manual karyotyping.

Conclusion: AI-assisted karyotyping improves efficiency and reduces turnaround time. Expert review remains essential for 
resolving errors and interpreting complex patterns. A combined AI–human approach provides the most reliable framework 
for accurate cytogenetic interpretation.
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INTRODUCTION
Examination of metaphase chromosomes under 

a light microscope using Giemsa banding (G-banding) is 
a time-tested cytogenetic technique. This method detects 
microscopic chromosomal anomalies, including aneu-
ploidies, translocations, inversions, deletions, and dupli-
cations. Despite the introduction of numerous molecular 
techniques and advanced methodologies, conventional 
karyotyping remains indispensable. This is due to its abili-
ty to assess abnormalities at the whole-chromosome level 
by an expert. 1, 2 However, this technique is time-consum-
ing, mainly performed manually, and highly dependent on 
the capabilities and experience of cytogeneticists, leading 

to subjective differences in interpretation and prolonged 
turnaround time. 3, 4 In recent years, software-assisted im-
age analysis and digital microscopy have been developed 
to reduce these limitations. These approaches improve 
chromosome segmentation, capture metaphases, and 
generate ideograms. 5, 6 Artificial Intelligence is emerg-
ing as a rapidly evolving component that aids in multiple 
steps, ultimately leading to markedly reduced analysis 
time and increased consistency. 7, 8 

Applied Spectral Imaging (ASI) software pro-
vides an AI-augmented karyotyping tool. It helps analyze 
metaphase spreads and align chromosomes in under 2 
minutes, compared with the 10–15 minutes typically re-
quired for manual analysis. 9 Additionally, data is saved 
as comprehensive, high-resolution images, which are in-
corporated into the final report and can be retrieved later 
if required. 

Despite these qualities, AI-driven platforms face 
several limitations. Expert examination of metaphases 
and manual correction are required to confirm low-qual-
ity metaphase images, metaphases with overlapping or 
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closely spaced chromosomes that the software fails to 
separate, complex structural rearrangements and abnor-
malities, and marker chromosomes. Also, the software 
lacks interpretive results and integration with clinical con-
text, which are provided and verified by cytogeneticists. 10

This emerging situation spotlights the requirement 
for a hybrid diagnostic model in conventional cytogenet-
ics. The introduction of AI-assisted software in this field 
markedly affects work speed, but the role of human exper-
tise is irreplaceable. This article examines the role of AI in 
conventional karyotyping, its benefits and limitations, and 
emphasizes the need for expert cytogeneticist interpreta-
tion to achieve accurate results and diagnoses.

The objective of this study was to assess the 
strength of software in the correct placement of chro-
mosomes according to ICSN guidelines and the level of 
human mediation required for correct diagnosis and ulti-
mately authentic reporting.

MATERIAL AND METHODS
This observational study was conducted at the De-

partment of Cytogenetics, Islamabad Diagnostic Center 
(IDC), Islamabad, from October to December 2025. The 
study aimed to evaluate the efficiency and accuracy of 
AI-assisted karyotyping using ASI software (Applied Spec-
tral Imaging, CA, USA) compared with traditional manual 
karyotyping performed by experienced cytogeneticists.

Following approval from the institutional ethical 
review board, cytogenetic samples received for evalua-
tion were included based on clinical indications, including 
suspicion of Down syndrome, Edwards syndrome, Patau 
syndrome, and other aneuploidies; developmental delay; 
disorders of sex development (DSD) (including suspected 
Klinefelter syndrome, Swyer syndrome, MRKH syndrome, 
gender dysphoria, congenital adrenal hyperplasia, and 
Turner syndrome); recurrent fetal loss (RFL); preimplan-
tation genetic testing for in vitro fertilization (IVF); acute 
leukemias; myeloid neoplasms such as chronic myeloid 
leukemia; and other suspected chromosomal abnormal-
ities. All samples were processed in accordance with 
standardized cytogenetic laboratory protocols to ensure 
consistency and reliability.

Conventional karyotyping was performed on 
peripheral blood lymphocyte cultures, followed by cell 
harvesting, hypotonic treatment, fixation, and slide 
preparation. G-banding was used to obtain well-defined 
chromosomal banding patterns. Slides were pre-screened 
for quality assurance to ensure optimal metaphase 
spreads, minimal overlap, and sufficient band resolution 
before detailed analysis. Only high-quality metaphases 
meeting established criteria were included in the study to 
minimize analytical bias.

A total of 2,305 chromosomes from 50 metaphases 

were selected for analysis. The GenASIs BandView module 
of the ASI software, an AI-based image analysis platform, 
was used to automate chromosome detection, segmen-
tation, and preliminary classification for each metaphase. 
The software’s results were then reviewed and validated 
by expert cytogeneticists to assess concordance with the 
actual findings, identify any discrepancies, and ensure di-
agnostic accuracy.

Two experienced cytogeneticists independently 
reviewed the chromosomal assessments generated by 
the software. For each metaphase, they carefully exam-
ined several parameters, including the number of chro-
mosomes correctly aligned in the initial automated run, 
the presence of overlapping chromosomes, and instanc-
es in which chromosome segments required joining due 
to improper splitting. They also assessed instances in 
which chromosomes needed to be separated, as well as 
the software’s overall accuracy in classifying and placing 
chromosomes.

All observations were recorded using a standard-
ized checklist, and mean ± standard deviation (SD) values 
were calculated for each metaphase. To minimize interob-
server variation, both cytogeneticists discussed discrep-
ancies in their evaluations and reached consensus. This 
step helped ensure consistency and strengthened the reli-
ability of the findings. In addition, occasional cross-checks 
of previously reviewed slides were conducted to maintain 
uniformity throughout the analysis.

For statistical evaluation, descriptive statistics were 
used to summarize the data. Means, standard deviations, 
and percentages were calculated for each parameter 
across all metaphases. Data were entered and analyzed 
using SPSS version 26.0. Continuous variables are pre-
sented as mean ± SD with 95% confidence intervals (CIs), 
and categorical data are reported as frequencies and per-
centages, with 95% CIs.

RESULTS
In our study, a total of 2,305 chromosomes from 

50 metaphase spreads were evaluated. To assess the per-
formance of the ASI (Applied Spectral Imaging) AI-based 
karyotyping software, the software was evaluated (Figure 
1). The key performance indicators included accurate as-
sessment of chromosome counts, detection of overlap-
ping chromosomes, correction of segmentation needed 
in metaphases, appropriate placement of chromosomes, 
and time-saving effectiveness for the expert. Hence, its 
role is to reduce turnaround time and enable early report 
generation.

In the study, the software automatically identified, 
on average, 49.34 ± 2.63 chromosomes per metaphase. 
This indicates a trend toward over-segmentation of chro-
mosomes, particularly in metaphases with suboptimal 
band resolution, overlapping chromosomes, and closely 
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spaced chromosomes, ultimately resulting in the splitting 
of chromosomes into two or more segments. This required 
manual intervention for correct placement (Figure 2).

Chromosome overlap was observed in 2.30% of 
chromosomes across the metaphases considered. Man-
ual intervention by expert cytogeneticists was required to 
resolve overlaps and ensure accurate interpretation and 
correct placement. Chromosomes requiring manual join-
ing of fragmented segments numbered 3.45 ± 1.84 per 
metaphase. On the other hand, almost 4.59% of chromo-
somes (mean: 2.11 ± 1.54) needed manual separation.

AI-based technology mistakenly joined the neigh-
boring chromosomes into a single structure and ultimately 
placed them in the wrong position. (Figure 3)

On average, in the AI analysis, the number of chro-
mosomes that were incorrectly placed and ultimately re-
quired intervention and human correction was 7.85 ± 2.37 
per metaphase, corresponding to 17.07%. This shows that 
82.93% of all the chromosomes in the considered meta-
phases were placed appropriately and required no adjust-
ments by the relevant expert.

One of the most effective benefits of ASI software 
was the marked reduction in required analysis time. In 
contrast to the 10–15 minutes required for manual karyo-
typing, AI-assisted karyotyping required only an average 
of 2 minutes per metaphase. This time included the neces-
sary manual intervention by an expert cytogeneticist. More 
than an 80% improvement in time savings was observed 

Fig 1: Representative G-banded metaphase spread, 
which is obtained from cultured peripheral blood 

lymphocytes (×1000, oil immersion)

Fig 3: Percentage of Chromosomes requiring inter-
vention or correctly placed by AI

Fig 2: An initial automated karyotype output generat-
ed from a metaphase, analyzed by AI-based software, 

and showing an extra number. This is the unrefined 
chromosome detection prior to manual rearrange-

ment performed by an expert.
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models still require expert input when dealing with tightly 
clustered metaphase spreads or chromosomal overlap. 6, 9

Consistent with earlier studies, our results also 
confirm that AI-based karyotyping systems still require ex-
pert manual correction, particularly for fragmented, over-
lapped, and fused chromosomes. 10, 11 The observed sim-
ilarity points to a shared constraint in automated systems, 
underscoring their limited capacity to distinguish chromo-
somal continuity from close physical alignment.

A key strength of the ASI software platform was 
its ability to automatically position 82.93% of the chromo-
somes in their appropriate locations. This indicates that 
when image acquisition is high quality, AI-based systems 
can organize the majority of chromosomal elements. 
Comparable performance trends have been reported in 
evaluations of GenASIs and MetaSystems software. These 
automated karyotyping methods demonstrated high ac-
curacy. 12, 13

Nevertheless, 17.07% of the chromosomes still 
required correction by trained professionals. This finding 
emphasizes that automated analysis can’t be a substitute; 
it’s supportive. Expert assessment remains essential, par-
ticularly when interpreting complex structural rearrange-
ments or cases of numerical mosaicism, where algorith-
mic detection may struggle to identify subtle variations.

Importantly, AI-assisted analysis substantially re-
duced processing time. The average evaluation time per 
metaphase was approximately two minutes with an au-
tomated support system, whereas conventional manu-
al assessment typically required 10 to 15 minutes. This 
represents a five- to sevenfold improvement in turnaround 
time. These benefits align with previous studies that iden-
tify time reduction as a primary advantage of AI integration 
in cytogenetics. 11, 12, 14 Faster processing is especially ben-
eficial when prompt diagnostic reporting directly influenc-
es patient management decisions. 4, 10, 16

Additionally, AI systems offer advantages in digital 
infrastructure. Their platform-based capabilities for remote 
case review, long-term storage of metaphases and final-
ized karyotype images, and systematic data archiving are 
worth noting. These capabilities enhance traceability and 
enable retrospective analysis. 14, 19, 20

Despite these benefits, current AI technologies 
are not without constraints. Automated algorithms may 
encounter difficulties when analyzing abnormal karyo-
types, suboptimal banding patterns, or complex structural 
abnormalities, where image variability and chromosomal 
distortion can compromise accuracy. 17 Moreover, while 
software may aid in chromosomal identification and im-
age arrangement, it lacks the capability to correlate these 
findings with clinical context and to provide interpretive 
judgment related to patients’ diagnosis and ultimately 
treatment strategy. This is done by human experts using 

in our study, which significantly affects workflow optimi-
zation in high-volume cytogenetics laboratories. In addi-
tion, digital data storage, its incorporation into final report 
generation, and retrieval are strengths of the software. All 
these factors make the analysis robust and up to the mark. 
Hence, it positively affects diagnosis and the desired treat-
ment strategy for patients (Figure 4).

DISCUSSION
The use of Artificial Intelligence (AI) in convention-

al karyotyping has shown very favorable outcomes, par-
ticularly in optimizing processes, improving operational 
efficiency, and reducing manual workload compared with 
previous cytogenetic techniques. In this study, experts 
evaluated ASI (Applied Spectral Imaging) software and 
analyzed a total of 2,305 chromosomes across 50 meta-
phase spreads. 

It was observed that ASI software tends to 
over-segment, with an average chromosome count of 
49.34 ± 2.63 per metaphase. This is above the standard 
chromosome number, indicating that chromosomes were 
occasionally split into two or more fragments. This kind of 
issue has been reported in a few studies that evaluated 
AI-based chromosome segmentation. It was noted that 
suboptimal banding quality, artifacts, closely spaced cen-
tromeres on chromosomes, and chromosomal crossing 
over may mislead the software’s detection capabilities. 5, 

6, 8 However, 2.30% of the chromosomes required manu-
al correction and placement by an expert due to overlap. 
This finding concurs with studies by Zhou et al. and Chen 
et al., which showed that even advanced segmentation 

Fig 4: Karyogram showing karyotype of 46, XX. Manu-
al correction of chromosome placement done accord-

ing to ISCN guidelines
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their knowledge and clinical expertise. 18

Therefore, the integration of AI in cytogenetics 
should be viewed as a complementary approach, with the 
role of cytogeneticists indispensable for validating results, 
resolving ambiguous findings, and ensuring that interpre-
tations are clinically meaningful. This collaborative model 
will not only enhance diagnostic accuracy but also sup-
port the effective and safe implementation of AI technol-
ogies in routine cytogenetic practice. In addition, recent 
advancements highlight that although AI-assisted karyo-
typing significantly improves efficiency and reproducibility 
and reduces turnaround time, its performance remains 
highly dependent on the diversity of training datasets and 
the quality of the advancements. 24

Importantly, our findings emphasize a hybrid ap-
proach that combines the speed and standardization of AI 
with expert human review as the gold standard for clinical-
ly relevant diagnoses and final case interpretation. 

As molecular genetics and sequencing techniques 
continue to evolve, AI-assisted karyotyping will likely serve 
as a bridging technology, improving conventional cytoge-
netic workflows while integrating them with other modern 
genomic tools. Ultimately, this will improve patient health-
care in a robust manner. 21 Also, future improvements 
include enhanced machine learning algorithms through 
training and the introduction of learning models based on 
user feedback. 22, 23

CONCLUSION
This study concludes that the ASI Artificial Intelli-

gence-assisted karyotyping system significantly stream-
lines conventional chromosome analysis by reducing the 
time required for metaphase interpretation. With most 
chromosomes correctly placed without manual correction, 
the software proves highly effective for the cytogenetic 
workflow. However, shortcomings such as over-segmen-
tation, inability to resolve complex overlaps, and the need 
for manual correction highlight the indispensable role of 
expert cytogeneticists. Despite being an advanced tech-
nique, AI-assisted karyotyping still lacks the understand-
ing required to interpret structurally complex or clinically 
subtle abnormalities.

Thus, the most suitable model combines the com-
putational strength of AI platforms with the interpretive 
acumen of trained human professionals. With continued 
development, AI has the potential to enhance the efficien-
cy and accuracy of cytogenetic diagnostics, thereby im-
proving patient management.
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