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ABSTRACT
Objective: To digitise genitourinary glass slides and use them for research, education, and knowledge sharing.
Study Design: Observational study.
Place and Duration of the Study: Department of Pathology and Laboratory Medicine, The Aga Khan University Hospital, Karachi,
Pakistan, from May 2025 to June 2025.
Methodology: This study used 31 renal biopsy cores with special stains and 21 prostate tissue cores with haematoxylin and eosin
stains.  Videos at  10x magnification were recorded using a microscope-mounted camera and uploaded to the DeepLIIF  open-source
cloud platform to generate whole-slide images (WSIs). Three pathologists independently reviewed the images, and inter-observer
agreement was assessed using the Kappa statistic.
Results: Pathologist A showed 100% agreement with the reference diagnosis across all renal stains. Pathologist B demonstrated
concordance  of  77%  for  haemoxylin  and  eosin  (H&E)  and  74%  for  periodic  Acid-Schiff  (PAS),  Jones  methenamine  silver  (JMS),  and
trichrome stains. Pathologist C reported 100% agreement for H&E and PAS, 96% for trichrome, and 74% for JMS. In the prostate biop-
sies, among 21 cases (6 malignant and 15 benign), the diagnosis regarding malignancy and perineural invasion was compared to the
reference diagnosis.
Conclusion: WSIs can be viewed through shareable links, even on smartphones. This helps in getting consensus on improved diag-
nosis, especially in resource-limited settings.
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INTRODUCTION
Digitising histology slides is revolutionising workflow in histo-
pathology. It is gradually becoming essential in modern patho-
logy practice, particularly for remote consultations (telepatho-
logy),  education,  and artificial  intelligence (AI)-assisted diag-
nostics.1,2  These challenges are more apparent in genitouri-
nary pathology, where accurate diagnosis—particularly of renal
biopsy—requires  high-resolution  imaging  for  detailed  visuali-
sation of glomerular, tubular, interstitial, and vascular compart-
ments,  as  well  as  access  to  multiple  histochemical  stains.
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Although renal biopsy remains the gold standard for diagnosing
kidney diseases, the rising incidence of renal diseases and the
shortage of renal pathologists have created a pressing need for
new diagnostic models. AI and digital pathology offer promising
solutions for improving accuracy in detection,  classification,
and outcome prediction.3

Whole-slide imaging (WSI), also known as virtual microscopy,
involves  scanning  glass  slides  to  produce  digital  images.  It
enables pathologists working in rural or remote areas to seek
expert  opinions  from  subspecialists  in  urban  centres.  This
technology facilitates the rapid sharing of knowledge, allowing
rare cases or region-specific histopathological patterns to be
spread across national and international platforms. The digi-
tised slides also serve as a basis for developing, testing, and
validating  AI-based  computational  algorithms  on  diverse
cohorts from various demographics and different settings.4,5

However,  current  digitisation  workflows  are  expensive  to
establish and maintain in the long run.2,4 Commercial WSI plat-
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forms require digital multi-slide scanners, dedicated space for
slide scanning, high-resolution cameras, cloud or on-premises
data storage facilities, specialised IT, and technical personnel.1,2

Nearly two-thirds of the global population resides in low- and
middle-income countries, where the number of trained patholo-
gists is rapidly declining. These resources are beyond the reach
of most hospitals in these countries, so the use of this techno-
logy  is  limited.6

As a result, a gap in digital pathology access persists, impacting
patient  outcomes  and  limiting  training  opportunities  for
pathology residents and technicians in resource-constrained
countries.2  A  user-friendly,  cloud-based tool,  HistoCloud,  has
been  developed  for  whole-slide  image  segmentation  that
allows pathologists to segment structures, including glomeruli
and interstitial fibrosis, without the need for programming exper-
tise. This  can  facilitate  a  wider  adoption  in  clinical  settings.7

Previous research studies have used histopathological images
and  applied an AI-based deep learning model.8-10  In this project,
previously diagnosed single cores of predominantly renal and a
few prostatic cores were used. This study aimed to develop and
evaluate a cost-effective, cloud-based slide digitisation work-flow
using  low-resolution  video  microscopy  and  open-source  tools.
The generated images were stitched into high-resolution whole-
slide images (WSIs). This approach aimed to enhance access to
digital pathology and AI applications in resource-limited settings,
particularly for the evaluation of renal and prostatic  tissues.

METHODOLOGY

This study included a total of 31 previously diagnosed renal core
biopsies (non-neoplastic) and 21 prostatic core biopsies, encom-
passing both benign and malignant lesions. Ethical approval
was obtained from the Ethics Review Committee of the Agha
Khan University Hospital, Karachi, Pakistan (ERC No. 2025-11452-
34443) prior to data collection.

Glass  slides  were  examined  manually  using  standard  light
microscopy.  During  slide  review  at  10x  magnification,  video
recordings were captured and subsequently processed using the
DeepLIIF Cloud platform—an open-source, deep learning-based
system  for  generating  high-quality  WSIs  through  automated
stitching. In the renal biopsy evaluation, a total of 124 WSIs were
prepared  from  31  cases.  The  resulting  WSIs  were  stitched
together  and  subsequently  reviewed  by  three  independent
pathologists (designated as Pathologists A, B, and C). For renal
biopsies, the original diagnoses were shared with the patholo-
gists  prior  to  review.  Pathologists  were  asked  to  assess  the
images for research, education, knowledge sharing and tele-
pathology purposes and for individual cases and special stains.
For prostatic  biopsies,  the pathologists  were blinded to the
original diagnosis and were asked to assess each core for benign
vs. malignant features and for the presence of perineural inva-
sion. In cases of prostate, only haematoxylin and eosin-stained
slides were used. As all the biopsy cases were previously diag-
nosed, the original diagnosis was considered the gold standard
and used for comparison.

The  renal  biopsy  specimens  were  single-core  samples  and
included a range of pathological diagnoses, including minimal
change  disease  (MCD),  focal  segmental  glomerulosclerosis
(FSGS), membranous glomerulonephritis (MGN), membrano-
proliferative glomerulonephritis  (MPGN),  mesangio-prolifera-
tive glomerulonephritis, lupus nephritis, diabetic nephropathy,
renal amyloidosis, and renal allograft biopsies. Four stains were
utilised for renal biopsies: haematoxylin and eosin (H&E), peri-
odic  acid-Schiff  (PAS),  Jones  methenamine  silver  (JMS),  and
Masson’s  trichrome  stain.

The inclusion  criteria  included single-core  renal  or  prostatic
biopsies,  digitised  slides  with  high-quality  staining  across
diverse renal pathologies, and the use of at least one of the four
stains  mentioned  above  for  renal  cases.  Slides  with  poor
staining quality were excluded from the study. The annotation
tool  was  used  manually  by  a  histopathologist  for  marking
glomeruli in renal biopsies and perineural invasion in prostatic
core  biopsies,  as  shown  in  Figure  1-3.

Figure 1: (A) Renal biopsy whole-slide image at low magnification. (B, C) The
same  core  at  10x  and  20x  magnifications,  respectively.  Glomeruli  were
manually annotated using an annotation tool.
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Figure  2:  (A-D)  Renal  biopsy  of  membranous  glomerulonephritis
showing H&E and special stains at 5x magnification.

Figure 3: (A, B) Prostatic core showing whole-slide image at low power.
The same core at 10x shows prostatic adenocarcinoma invading a nerve,
annotated in orange colour using the annotation tool. (Inset: Navigation
map is also present in both images)

Statistical  analysis  was  performed  using  STATA  18.  Inter-
observer  agreement  among  the  pathologists  was  assessed
using the Kappa statistic, and a p-value of <0.05 was consi-
dered significant.

RESULTS

The diagnostic agreement among the three pathologists varied
across different stains. Pathologist A demonstrated complete
concordance,  showing  100%  agreement  with  the  reference
diagnosis across all stains. Pathologist B showed 77% concor-
dance for H&E and 74% for PAS, JMS, and trichrome stains. In
comparison, Pathologist C achieved 100% agreement for H&E
and PAS, 96% for trichrome, and 74% for JMS. In the prostate
biopsy cohort, among 21 cases (6 malignant and 15 benign),
WSIs were assessed by the same panel of  pathologists in a
blinded manner. Diagnostic conclusions regarding malignancy

and perineural invasion were compared to the original diag-
nosis  (gold  standard).  The  specific  accuracy  rates  for  each
pathologist are summarised in Table I. The p-values were calcu-
lated  using  the  kappa  statistic.

DISCUSSION

Digitisation of histopathological slides, particularly in renal and
genitourinary pathology, offers several advantages, including
efficient case archiving, rapid retrieval for second opinions, and
enhanced  comparison  of  stains  through  multiplex  viewing
without the need for physical slide exchange.11,12 WSI supports
AI-assisted image analysis for glomerular identification, scle-
rosis  assessment,  and  automated  quantification,  improving
both accuracy and workflow consistency.13

Studies  have  shown  that  WSI  achieves  diagnostic  accuracy
comparable to traditional light microscopy, with high concor-
dance  in  large-scale  validation  trials.  Mukhopadhyay  et  al.
demonstrated  that  WSI  was  comparable  to  conventional
microscopy in diagnosing complex surgical pathology.13 Plat-
forms such as OpenSlide and PathPresenter have facilitated in
the  cost-effective  adoption  of  WSI.14  In  addition  to  allowing
access to digital pathology, these tools also support education
and teleconsultation,  empowering local  clinicians  with  diag-
nostic support and ongoing training opportunities. Cloud-based
digital pathology systems reduce dependence on local IT infras-
tructure and enable flexible access, which is especially benefi-
cial in low- and middle-income countries.15 Collaborative initia-
tives such as the PANDA challenge have demonstrated how
cloud-hosted repositories  and AI-assisted  models  can foster
global research and consistency in genitourinary diagnosis.16
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Despite  these  advantages,  implementing  WSI  in  resource-
limited settings remains challenging due to factors such as poor
internet connectivity, digital literacy gaps, and varying regula-
tory standards.17 However, innovations in low-cost scanners,
open-source AI tools, and hybrid edge-cloud systems such as
Aiosyn highlight a promising future for the widespread adoption
of cloud-based digital pathology.18,19

While the digital quality in this study was generally good, some
limitations  were  noted.  Renal  biopsies  often  require  serial
sectioning and multi-level review, as many diseases, such as
FSGS, exhibit focal lesions that may be missed on a single level.
This workflow currently digitises only a single histological level
per slide, restricting its utility for diseases that require multi-
-level assessment. Moreover, artefacts such as tissue folding,
uneven sectioning, and inconsistent staining may compromise
image clarity and diagnostic reliability in some cases. Conti-
nuous focus was required during video recording, and acquisi-
tion was generally feasible at 10x magnification; blurring was
more common at 20x due to focusing issues. Files larger than
1.5 GB could not be uploaded, and the workflow did not include
immunofluorescence  digitisation.  Despite  these  factors,  the
digitised images enabled detailed review of key renal compart-
ments, including glomerular, tubular, interstitial, and vascular
structures.

Although the study was small, its results were really promising.
The pathologists were able to view the whole case, along with
special stains, in a single go. Most of the non-neoplastic renal
pathologies could usually be diagnosed at 20x, so blurring issues
at 40x were not very challenging in most cases. WSIs could be
viewed through shareable links, even on smartphones. There-
fore, in regions where technology limitations persist, such solu-
tions can be particularly valuable, especially for renal patho-
logies that require specialist services in most cases. In deve-
loping countries, the number of specialised genitourinary patho-
logists is very limited.20,21 Most renal biopsies are performed in
larger or specialised setups, so shareable links enable patho-
logists worldwide access and review various renal pathologies in
real time, providing equal learning opportunities. Similarly, small
or focal prostatic malignancies may require the expertise of a
genitourinary pathologist. This system allows pathologist to seek
expert  opinions  from  anywhere  in  the  world.22,23

CONCLUSION

Digital methods are not a replacement for scanners; however,
such tools can be highly valuable in resource-limited settings of
low- and middle-income countries. Small steps such as this help
extend the benefits of  digitisation and computation tools to
those who may not have access to these novel tools, particularly
in  regions  where  technology  glitches  are  common.
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