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ARTICLE INFO ABSTRACT
Keywords: Introduction: Hirschsprung’s disease requires precise intraoperative identification of ganglionic
Ex vivo fluorescence confocal microscopy bowel to ensure successful pull-through. Ex vivo fluorescence confocal microscopy (FCM) may

Hirschsprung’s disease
Real-time diagnostics
Case series

Pediatric surgery

offer a rapid, real-time diagnostic adjunct.

Case Presentations: Case 1: A 2-month-old male presented with delayed meconium passage,
abdominal distension, and bilious vomiting. Contrast enema revealed a rectosigmoid transition
zone, and rectal suction biopsy confirmed aganglionosis. He underwent laparoscopic Soave-
Georgeson pull-through. Intraoperatively, seromuscular biopsies were stained with acridine or-
ange and fast green and examined using FCM. Digital images were analyzed remotely by a
pathologist, who confirmed the presence of ganglion cells within 5 minutes. The pull-through was
completed based on this assessment. Postoperative recovery was uneventful, and at 18-month
follow-up, the child had normal bowel function and growth. Case 2: A 3-month-old female pre-
sented with chronic constipation, vomiting, and failure to thrive. Imaging and rectal biopsy
confirmed Hirschsprung’s disease. She underwent laparoscopic pull-through guided by FCM,
following the same protocol as in Case 1. Real-time identification of ganglion cells allowed for
prompt selection of the pull-through segment. The postoperative course was uncomplicated. At
12-month follow-up, the child had normal stooling patterns and appropriate weight gain.
Conclusion: Intraoperative ex vivo fluorescence confocal microscopy seems to be a fast and reli-
able method for the identification of ganglionic bowel during the pull-through procedure for the
management of Hirschsprung disease.

1. Introduction

Hirschsprung’s disease is a congenital disorder characterized by defective intestinal innervation due to the absence of ganglion cells
in the myenteric and submucosal plexuses. This defect results in functional bowel obstruction, manifesting clinically as severe con-
stipation. Identifying and confirming the presence of ganglionic bowel segments intraoperatively is essential to ensure correct surgical
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treatment [1]. Currently, the gold standard for intraoperative diagnosis is frozen-section biopsy, recognized for its high precision and
accuracy. Nevertheless, this method presents significant limitations, including prolonged processing time with extended anesthesia
duration and susceptibility to artifacts [2]. Ex vivo fluorescence confocal microscopy (FCM) VivaScope® 2500M-G4 (MAVIG GmbH,
Munich, Germany) has emerged as an innovative digital diagnostic tool offering rapid, non-invasive, and real-time microscopic
evaluation of excised tissues. Unlike traditional histological techniques, FCM bypasses extensive tissue processing and provides im-
mediate, diagnostic-quality images within minutes, significantly enhancing intraoperative decision-making [3,4].

The FCM system employs two diode lasers to visualize tissue in two distinct modes: reflectance mode utilizes a 785-nm wavelength
laser to detect subcellular structures by identifying differences in tissue refractive indices, while fluorescence mode operates at a 488-
nm wavelength to excite cellular fluorochromes, enabling detailed visualization of cellular architecture. This innovative method
produces digital hematoxylin-and-eosin-like images, allowing real-time tissue assessment without conventional histopathological
preparation [4,5]. The effectiveness of FCM has been well-documented across various medical specialties, including dermatology,
urology, laryngeal surgery, pulmonary oncology, breast surgery, hepatology, colorectal surgery, pancreatic surgery, and recently in
pediatric surgical oncology [2,6-16].

This manuscript was prepared following the CARE guidelines (https://www.care-statement.org).

1.1. Cases presentation

1.1.1. Case 1

A female newborn diagnosed with Down’s syndrome and congenital cardiac defects developed abdominal distension, bilious
vomiting, and delayed passage of meconium, requiring rectal stimulation on the third day of life. Radiographic examination revealed
dilated bowel loops throughout the abdomen, and a barium contrast enema demonstrated a narrow caliber with a clear transition zone
between the sigmoid colon and rectum. Due to clinical suspicion of Hirschsprung’s disease, a rectal suction biopsy was performed,
confirming the absence of ganglion cells. The patient initially underwent rectal decompression through colonic irrigation and sub-
sequently had an elective laparoscopic Soave-Georgeson pull-through procedure at two months of age. In the operating room, the
surgeon obtained full-thickness biopsies during the laparoscopic procedure, while another surgeon managed the entire image
acquisition process using the ex vivo FCM. An expert pathologist remotely reviewed and analyzed the digital images in real-time.
Intraoperatively, fresh biopsy samples from the proximal intestinal segments were briefly immersed in 70 % ethanol to clean the
tissue and facilitate staining. Tissue staining involved exposure to a 0.04 % acridine orange dye solution for 30 seconds to highlight
nucleic acids, followed by immersion in a 0.067 % fast green dye solution for 20 seconds to enhance nucleus-to-cytoplasm contrast.
Excess dye was removed by rinsing the samples in saline solution. The stained tissue was then positioned on a sponge and covered with
magnetic-mounted glass slides and placed onto the microscope lens. After selecting the desired area and tissue depth, rapid confocal
scanning was conducted, generating digital images within approximately 50 seconds. Upon detailed remote evaluation by the
pathologist, the presence of ganglion cells in both submucosal and myenteric plexuses was confirmed. Subsequently, tissue samples
were preserved in formalin and underwent conventional histopathological examination, which corroborated the intraoperative
confocal microscopy findings (Fig. 1). At 18 months of follow-up, the patient has regular, spontaneous bowel movements, no
need for laxatives, and no episodes of enterocolitis or fecal incontinence.
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Fig. 1. Image showing immature neural elements characterized by small, hyperchromatic nuclei and scant cytoplasm, with occasional ganglion-like
cells displaying larger nuclei and abundant pale cytoplasm (magnification scale 40x). A: Ex vivo fluorescence confocal microscopy (FCM). The pink
background is due to slightly thicker tissue and more intense staining with acridine orange. Arrows indicate ganglion cells in the submucosal plexus.
B: Corresponding hematoxylin and eosin (H&E) stained section confirming the presence of ganglion cells (arrow).
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1.1.2. Case 2

The second case involved a full-term male newborn referred from another center. He presented with delayed passage of meconium
on the third day of life after rectal stimulation, accompanied by feeding difficulties, frequent regurgitation, and vomiting with
intermittent stooling. Radiographic examination showed dilated bowel loops throughout the abdomen, while a barium contrast enema
indicated a reduced-caliber rectum and dilated sigmoid colon, with a clear recto-sigmoid transition zone. A rectal suction biopsy
confirmed the diagnosis of Hirschsprung’s disease. Initial management included colonic irrigation for rectal decompression, followed
by an elective laparoscopic Soave-Georgeson pull-through performed at one month of age. Similar to the first case, full-thickness
biopsies were analyzed intraoperatively using FCM with remote real-time evaluation by the pathologist. The staining procedure
followed the previously described methodology. The surgical team managed the entire staining and imaging process autonomously,
demonstrating the practicality of FCM even in a surgical setting. Following remote image analysis, the pathologist was able to identify
the presence of ganglion cells within both the submucosal and myenteric plexuses (Fig. 2). The specimens were subsequently placed in
formalin and processed through conventional histopathology, which validated the intraoperative observations made using confocal
microscopy. At 12 months of follow-up, the child has age-appropriate bowel function, regular stooling without medication, and
no complications such as constipation, incontinence, or enterocolitis.

2. Discussion

The application of confocal microscopy in pediatric surgery remains relatively novel and limited, with selective applications within
specific contexts [15,16]. At our center, the FCM was introduced approximately one year ago, initially targeting pediatric oncology
[15]. This study represents one of the initial explorations of its potential use for diagnosing Hirschsprung’s disease in pediatric pa-
tients. Although our experience is still preliminary, the results indicate promising diagnostic capabilities of FCM for assessing colonic
tissues and accurately identifying ganglion cells, crucial elements in the diagnosis of Hirschsprung’s disease. One of the key advantages
of FCM in the surgical management of Hirschsprung disease lies in its ability to deliver real-time, high-resolution imaging of fresh,
unstained tissue, enabling rapid intraoperative decision-making. This is particularly valuable in neonatal surgery, where minimizing
anesthesia duration and reducing operative time are critical. In fact, it is now known that anesthesia time, especially in younger
patients, can be considered a risk factor for future neurodevelopment [17]. Several studies have evaluated this without reaching
significant results, but the authors agree that shortening anesthesia time is nonetheless an important element [18]. In our experience,
the total time from biopsy collection to FCM-based diagnosis was approximately 5 minutes, significantly shorter than the average
30-40 minutes typically required for conventional frozen-section analysis, thus offering a meaningful reduction in intraoperative
waiting time. The possibility of having a diagnosis in real time, during Georgeson-Soave surgery, is in this sense decisive in signifi-
cantly reducing the anesthesia time. which otherwise risks lengthening while waiting for histological evaluation.

In addition to ex vivo applications, recent studies have explored the use of confocal laser endomicroscopy (CLE) for in vivo
evaluation of the enteric nervous system in Hirschsprung’s disease. CLE enables real-time imaging of mucosal and submucosal
structures during endoscopic procedures using biocompatible fluorescent dyes such as fluorescein. Notably, Kobayashi et al. and
Shimojima et al. demonstrated the feasibility of CLE for identifying ganglion cells and nerve trunks in vivo, suggesting a potential role
for this technique in preoperative or intraoperative diagnosis [19,20]. However, CLE requires endoscopic access, specialized probes,
and specific training for image interpretation, which may limit its widespread use. In contrast, ex vivo FCM offers digital,
high-resolution, hematoxylin-and-eosin-like images without requiring extensive infrastructure or patient exposure to dyes, making it a
practical and safe tool for intraoperative decision-making in surgical settings where rapid histological assessment is essential.

Unlike traditional frozen section analysis, which requires time-consuming preparation, sectioning, and staining, FCM allows for
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Fig. 2. Immature neural cells with occasional ganglionic element with larger nucleus and abundant pale cytoplasm (magnification scale 40x). A: Ex
vivo fluorescence confocal microscopy. The lighter background compared to Fig. 1 results from thinner tissue and more homogeneous staining.
Arrows point to ganglion cells identified in the submucosal and myenteric plexuses. B: Corresponding H&E-stained section confirming the presence
of ganglion cells (arrow).
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immediate, high-quality visualization of histological features such as ganglion cells and hypertrophic nerve trunks, without the need
for tissue preparation [3]. A major benefit of this technique is that an entire specimen can be examined directly under the microscope,
with no tissue lost to sectioning. This is especially important in patients where biopsy samples are often small and preservation of the
entire specimen for further analyses is essential. Since the tissue is not frozen, it can later be processed as a standard formalin-fixed,
paraffin-embedded sample, preserving its integrity for definitive diagnosis [15]. Additionally, the digital histological-like images
produced by FCM can be stored indefinitely without the degradation seen in traditional glass slides, ensuring preservation of diagnostic
data and rapid retrieval [12,21]. In settings where immediate access to pediatric pathology expertise is limited, FCM can be partic-
ularly transformative, streamlining surgical workflow and optimizing patient outcomes [15].

Training is essential for the effective use of FCM in the operating room. In our center, pediatric surgeons received focused
sessions from microscopy specialists to become proficient in staining, image acquisition, and navigation of the confocal interface.
Identifying the correct area and depth relies on knowledge of ganglion cell location and familiarity with adjusting imaging
parameters accordingly.

Despite its many advantages, FCM presents some limitations. First, the technology requires a dedicated equipment, specifically the
VivaScope® 2500M-G4, which costs approximately €200,000-€250,000. Currently, its use in pediatric surgery is limited to Hirsch-
sprung’s disease and select oncology cases, raising concerns about cost-effectiveness in lower-volume centers. Second, a technical
limitation is the phenomenon of photobleaching, where prolonged exposure to laser light can degrade the fluorescent signal, reducing
image quality. This issue can be mitigated by optimizing the scanning protocol to minimize exposure time and by ensuring that the
image acquisition process is carried out quickly and efficiently [15]. Additionally, the need for proper tissue staining and sample
preparation requires a trained and coordinated team in the operating room [16]. To address this, we established in our center stan-
dardized protocols and initial training sessions, allowing surgical staff to become proficient in handling both the technical aspects of
staining and image acquisition.

Future larger-scale studies involving diverse pediatric patient populations are essential to fully validate and establish the diagnostic
effectiveness of the FCM in pediatric conditions. Ongoing advancements in confocal microscopy technology suggest a growing po-
tential for its application in clinical practice, enhancing both diagnostic accuracy and patient management [6].

3. Conclusion

Intraoperative ex vivo fluorescence confocal microscopy seems to be a fast and reliable method for the identification of ganglionic
bowel during the pull-through procedure for the management of Hirschsprung disease.
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