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Abstract

Background: Cryptococcus neoformans is an opportunistic fungal pathogen
that primarily affects immunocompromised individuals. While traditional
histologic methods such as hematoxylin and eosin (H&E) staining can some-
times identify fungal organisms, definitive diagnosis typically requires micro-
biological culture or molecular testing. Stimulated Raman Histology (SRH) is
an emerging imaging technology that enables rapid, label-free tissue analysis,
potentially improving intraoperative diagnostic workflows. Aim: This case re-
port explores the utility of SRH for the real-time identification of pulmonary
cryptococcosis, highlighting its potential to enhance tissue triage and expedite
diagnosis. Case Presentation: We report a 44-year-old man with a history of
smoking and alcohol use who presented with a right lower lung mass. An ION
robotic-assisted bronchoscopy was performed, and SRH was used intraopera-
tively for real-time tissue evaluation. Within approximately 90 seconds, SRH
provided morphologic findings indicative of Cryptococcus neoformans,
prompting additional microbiological testing, which confirmed the diagnosis.
The patient required a six-week hospitalization with antifungal therapy. Con-
clusion: This case demonstrates the potential of SRH as a rapid, intraoperative
diagnostic tool for detecting fungal infections in pulmonary specimens. By en-
abling real-time morphological assessment, SRH can optimize biopsy speci-
men triage, reduce the need for repeat procedures, and improve patient man-
agement. Integrating SRH into diagnostic workflows may be particularly ben-
eficial in resource-limited settings, where timely cryptococcosis diagnosis is
critical.
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1. Introduction

Cryptococcus neoformans is a globally significant fungal pathogen and a leading
cause of opportunistic infections, particularly in immunocompromised popula-
tions. This environmental yeast is commonly found in soil, bird excreta (notably
from pigeons), and decaying wood, with human infection typically occurring via
inhalation of aerosolized spores or yeast cells. While primary pulmonary infec-
tions may be asymptomatic or cause mild respiratory symptoms, C. neoformans
has a marked ability to disseminate hematogenously, often leading to life-threat-
ening complications such as cryptococcal meningitis, especially in individuals
with advanced HIV/AIDS, solid organ transplant recipients, or those undergoing
immunosuppressive therapy [1] [2]. Globally, cryptococcal meningitis is esti-
mated to cause over 220,000 cases annually, with a high mortality rate, particularly
in resource-limited settings [3].

Despite advances in antifungal treatments, the significant morbidity and mor-
tality associated with cryptococcosis highlight the need for improved diagnostic,
prevention, and treatment strategies. Stimulated Raman Histology (SRH) is a
form of histology that uses Stimulating Raman Scattering (SRS) to detect molec-
ular vibrations in tissue representing CH2 bonds (in lipids) and CH3 bonds (in
DNA/Proteins). The NIO laser imaging system applies a pseudo color mimicking
traditional H&E, allowing for intra-procedural viewing of freshly scanned tissue.
This case report aims to demonstrate the utility of SRH in the rapid diagnosis of

pulmonary cryptococcosis, potentially transforming diagnostic workflows.

2. Case Report

A 44-year-old man with a history of smoking and alcohol-use presented to the
hospital with a cough and right sided chest pain. His past medical history was
otherwise negative for, and he denied history of, immunosuppressive conditions.
He was HIV-negative and had no previous history of malignancy or chemother-
apy. CT imaging showed a 3.3 cm spiculated right lower lung mass with a differ-
ential diagnosis of infection vs. neoplastic mass lesion. The patient was evaluated
by the pulmonology team at Hoag Hospital Newport Beach and underwent an
ION robotic-assisted bronchoscopy for biopsy. Hoag Hospital is a two-hospital
system with a main 500 bed hospital and satellite 100 bed hospital with several
large supporting outpatient centers in and around Orange County, CA. Our facil-
ity is evaluating a novel imaging known as Stimulated Raman Histology (SRH) in
conjunction with standard of care Hematoxylin and Eosin (H&E) for histologic

examination methods. During examination, and documented below, the biopsy
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revealed a Cryptococcus fungal infection which eventually spread to various parts
of the body and required a 6-week hospitalization with anti-fungal therapy under
intensive care. SRH was able to identify a cryptococcal infection rapidly and ac-
curately with diagnostic morphologic findings equivalent to the traditional H&E
examination histologic standard of care. SRH was performed intraoperatively, tak-
ing approximately 90 seconds for acquisition, and provided rapid, accurate diag-
nostic findings equivalent to traditional H&E examination. Microbiological cul-

tures were performed based on SRH findings, correlating with H&E results.

3. Materials and Methods (SRH)

The NIO laser imaging system by Invenio Imaging was used intraoperatively. Us-
ing Laser Raman Scattering the images in Figure 1(a) and Figure 1(b) were ob-
tained in under 5 minutes during the procedure. For comparison, after biopsy
completion, the sample was sent to pathology from which Figure 2(a) and Figure
2(b) were obtained from standard H&E-stained specimens. In both preparations,
the characteristic polysaccharide capsules (the basis for cryptococcal antigen se-
rologic tests) are easily identified.

(a)

(b)

Figure 1. (a) is a Stimulated Raman Histology image obtained from the NIO laser imaging system during bronchoscopy of lung
mass, (a clinically suspected metastasis). (b) is a Stimulated Raman Histology image obtained from the NIO laser imaging system
during bronchoscopy of lung mass, (a clinically suspected metastasis).

4. Discussion

The rapid pathological assessment of small tissue specimens from mass lesions
often centers on excluding malignant and benign neoplasms for tissue triage. Pul-
monary specimens, however, uniquely require prioritizing the exclusion of infec-
tious etiologies, particularly in granulomatous diseases. Granulomas can mimic
radiologically features of malignancy, displaying necrosis and rapid size changes that
complicate initial diagnostic impressions [1] [3]. While molecular testing and culture

remain the gold standards for microbial identification, histological examination
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occasionally reveals fungal organisms if present in sufficient numbers or if their

morphology is distinctive [2].

(a) (b)

Figure 2. (a) is a Hematoxylin and Eosin generated image obtained from the pathology department at Hoag Hospital in Newport
Beach. (b) is a Hematoxylin and Eosin generated image obtained from the pathology department at Hoag Hospital in Newport
Beach.

The expanding arsenal of imaging and biopsy technologies, such as endobron-
chial ultrasound (EBUS)-directed biopsies and supradimensional fine needle bi-
opsies, has improved access to pulmonary tissue [4] [5]. However, the challenge
persists in optimizing the triage of these often-limited specimens for both mor-
phological and microbiological testing. Emerging technologies, such as Stimu-
lated Raman Histology (SRH), provide a promising solution. First validated for
rapid, label-free, high-resolution imaging of CNS lesions [6], SRH offers the ad-
vantage of preserving tissue integrity without compromising subsequent histolog-
ical evaluation. Unlike traditional frozen sections that consume and alter tissue
during processing, SRH enables non-destructive assessment, making it especially
valuable for small specimens [7].

In this case report, we demonstrate the utility of SRH in diagnosing a Crypto-
coccus pulmonary infection presenting as a mass lesion. The ability of SRH to
provide rapid, label-free morphological insights highlights its potential to trans-
form tissue triage workflows. Importantly, SRH can inform whether additional
sterile passes are necessary for microbiological testing in suspected infectious
cases. Because SRH slides are not sterile, a separate sterile tissue sample is required
for culture to ensure accurate microbiological diagnosis without the risk of con-
tamination [8]. However, scanning an SRH slide that suggests fungal or bacterial
presence provides immediate feedback to the proceduralist, allowing for targeted
specimen collection and limiting the need for repeat procedures.

In large community and academic centers, interventional radiology (IR) and
interventional pulmonology (IP) collect initial biopsy specimens, which occasion-

ally may need to be repeated when sampling infectious etiologies. Incorporating
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SRH into this workflow could streamline diagnosis by enabling rapid intra-pro-
cedural morphological assessment [9]. For example, if an SRH scan reveals fungal
elements, proceduralists can immediately prioritize collecting additional samples
for microbiological testing rather than sending initial samples to fixative or pathol-
ogy without this critical context. This triage approach minimizes unnecessary de-
lays, reduces repeat procedures, and benefits both patients and healthcare systems.

SRH offers an affordable, portable, and rapid diagnostic tool that does not re-
quire specialized cytotechnologists, making it suitable for resource-limited set-
tings. Incorporating SRH into diagnostic workflows can reduce procedure times,
minimize repeat biopsies, and improve patient outcomes. Limitations include in-
itial setup costs and the need for training, but its ease of use by existing OR staff
mitigates these challenges.

In resource-limited settings where cryptococcosis is prevalent, SRH can facili-
tate timely diagnosis, reducing morbidity and mortality. The rapid and non-de-
structive nature of SRH supports its integration into various clinical settings, en-
hancing diagnostic accuracy and efficiency.

Furthermore, SRH can support diagnostic decision-making in non-infectious
cases by confirming malignancy or other neoplastic processes, potentially avoid-
ing unnecessary microbiological testing and preserving specimen integrity [10].
This dual role rapidly identifying infectious or non-infectious pathology enhances
the efficiency and accuracy of tissue triage. This non-consumptive system could
lead to fewer biopsy passes, resulting in rapid procedure turnaround time with
potentially less patient morbidity.

This case highlights an exciting application of SRH beyond its established role
in CNS lesions, with implications for rapid, non-destructive pulmonary specimen

assessment.
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