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Learning objectives

Trace Millerian, mesonephric and urogenital-sinus contributions to the lower genital tract.

Explain developmental mechanisms underlying a double vagina and vaginal adenosis.

Recognize the morphology and embryological origin of Gartner and Midllerian cysts.

Distinguish developmental anomalies from lesions that may simulate neoplasia.




Developmental anomalies 1n anatomical context

e The vagina joins the uterine cervix to the lower
genital tract.

e Abnormal development may affect the vagina
and uterus together.

e Anatomical relationships guide interpretation of
congenital lesions.

-

Developmental and anatomical context

Uterine corpus

¥

Cervix

}

Vagina

Development links uterine and vaginal
abnormalities




Embryological contributions are distinct

r

e Miillerian ducts form the uterus and Embryological origins
endocervix.
Miillerian ducts Urogenital sinus
e \aginal squamous epithelium advances upward
from the urogenital sinus. l l

) Ascending squamous
Uterus and endocervix 59

* Mesonephric remnants may persist after the lining

ducts regress.

Continuity of the genital tract




Why embryological origin matters

An abnormal lumen may reflect disordered fusion of paired Mullerian structures.

A mucosal glandular focus may reflect persistence of fetal epithelium.

A cyst can indicate persistent embryological duct tissue.

Anatomy, epithelial phenotype and lesion site therefore provide complementary clues.




Normal development involves coordinated events

e Mullerian structures establish the uterine and Parallel developmental processes
endocervical tract.

Duct formation and configuration
e Vaginal lining changes from columnar to
squamous epithelium. 1

Epithelial replacement
e Mesonephric ducts regress, although remnants

can persist. 1

Regression of residual ducts




Three mechanisms for developmental lesions

Process Developmental outcome Example

Incomplete fusion Duplicated luminal structure Septate / double vagina

Incomplete epithelial

Persistent glandular mucosa Vaginal adenosis
replacement

Persistent duct remnants Submucosal cystic lesion Gartner duct cyst




Muiillerian fusion defects alter tract configuration

e A double vagina is associated with failure of
Midllerian duct fusion.

e The malformation affects duct architecture
rather than epithelial differentiation.

e The term septate or double describes the
resulting vaginal configuration.

-

Fusion failure (conceptual)

Paired Mullerian structures

Separate paired tracts




Fusion and failed fusion: A structural comparison

s

) (
Normal fusion (conceptual) Fusion failure (conceptual)
Paired Mdllerian structures Paired Millerian structures
Convergent tract Separate paired tracts




Septate or double vagina

e An uncommon developmental anomaly.

e The source describes it as arising from a failure of Mullerian duct fusion.

e Structural duplication distinguishes it from glandular mucosal lesions.

e The associated uterine configuration is clinically important.




Why uterus didelphys accompanies duplication

-

e The Miillerian ducts contribute to both uterus Source-described association
and endocervix.

Paired Miillerian ducts
e Failure of appropriate fusion can affect

anatomically connected regions. |

Failure of fusion
e Double vagina with double uterus (uterus

didelphys). |

Double vagina + uterus didelphys




Structural duplication versus epithelial persistence

e Both represent developmental disturbances.

e They affect different tissue properties:
Configuration versus lining.

e One should not be inferred from the other
without morphologic evidence.

Discriminating features

Double vagina

Abnormal
configuration

Mullerian fusion defect

Associated uterus
didelphys

Vaginal adenosis

Abnormal lining

Residual glandular cells

Mucosal red areas




Genetic syndromes are one etiologic context

Some anomalies of the external genitalia can be manifestations of genetic syndromes.

A congenital anomaly is not, by itself, evidence of a specific syndrome.

The category without assigning a named syndrome or diagnostic test.

Interpret individual findings within the patient’s overall phenotype.




Prenatal exposures can alter development

In utero exposure to diethylstilbestrol (DES) is cited as an etiologic context.

DES was historically used to prevent threatened abortions.

The relevant period of use spans the 1940s to 1960s.

Exposure pertains to fetal development, not postnatal exposure.




Not all developmental disturbances have a known cause

Robbins also identifies unknown factors that perturb fetal development.

Uncertain etiology should not be converted into a specific causal assertion.

A morphologic phenotype can be characterized without establishing a cause.

Etiology and anatomical diagnosis are separate levels of inference.




Reciprocal epithelial-stromal signaling

-

e Fetal tissue development requires interactions Conceptual developmental mechanism
between epithelium and its stroma.

Developing epithelium and stroma
e Perturbation of reciprocal signaling as a

mechanism. 1

Reciprocal tissue signaling
e Altered tissue interactions may be associated

with developmental anomalies. |

Potential developmental disruption




Separate cause, mechanism and phenotype

Cause: An exposure, genetic context or unknown influence.

Developmental mechanism: Altered fusion, replacement or tissue interaction.

Morphologic phenotype: Duplicated tract, retained glandular mucosa or duct remnant.

Do not confuse an epidemiologic association with demonstration of the mechanism in an
individual case.




Clinical vignette: Duplicated tract

Clinical teaching vignette

An anatomical examination identifies a duplicated vaginal canal. A double
uterine configuration is also documented.

What is the best morphologic or developmental interpretation?




Interpretation: Shared Miillerian fusion defect

Interpretation

Double vagina associated with uterus didelphys

e The paired anomalies implicate Mullerian tract configuration.

e The double vagina with failure of duct fusion.

e This is not the epithelial persistence process responsible for adenosis.




The early vaginal lining 1s columnar

-

e Embryonal vaginal epithelium is initially Simplified epithelial phenotypes
columnar. T Mature vaginal
Early vaginal lining .
lining
e |ts phenotype resembles endocervical-type
epithelium.
e Normal development subsequently changes the 0000000

predominant lining.

Columnar - squamous replacement

-

Simplified epithelium schematic — not histology



Squamous replacement occurs during development

e Columnar vaginal epithelium is normally Normal epithelial differentiation
replaced.

Early columnar mucosa
e Squamous epithelium advances upward from

the urogenital sinus. 1

Upward squamous advance
e This directional replacement explains the

mature vaginal epithelial phenotype. 1

Mature squamous lining




Direction of squamous epithelial advance

-

e The source specifically describes upward Simplified epithelial phenotypes
movement from the urogenital sinus. Mature vaginal

e Columnar cells need not disappear
simultaneously throughout the vagina.

e The normal endpoint is predominant squamous 0000000

lining of the vagina.

Early vaginal lining lining

Columnar - squamous replacement

-

Simplified epithelium schematic — not histology



Columnar and squamous vaginal epithelium

Property Early fetal phenotype Adult predominant phenotype

Cell type Columnar, endocervical type Squamous

Upward advance from urogenital

Developmental source Initial vaginal lining Sinus

Normal relationship Replaced during development Predominant mature lining




Residual glandular epithelium may persist

Small areas of the original columnar lining can remain.

Persistence into adult life produces a focal epithelial phenotype.

Robbins calls the retained glandular epithelial areas vaginal adenosis.

This represents epithelial persistence, not vaginal duplication.




Vaginal adenosis: Histogenetic definition

-

e Adenosis reflects residual glandular epithelium Columnar epithelium retained

in the vagina.

e |tis characterized by endocervical-type
columnar mucinous cells.

e The lining differs from the predominant mature o (0 0 0 0 0 0

Squamous mucosSa.

Endocervical-type columnar mucinous cells

-

Simplified epithelium schematic — not histology



Adenosis: Gross and examination appearance

-

e The abnormal areas appear red and granular on Surface appearance (conceptual)
examination.

e They contrast with surrounding pale-pink
vaginal mucosa.

e A surface appearance is a clue, not a substitute
for epithelial identification.

Normal mucosa Adenosis

Red, granular mucosal area

\.

Conceptual appearance — not a clinical photograph



Adenosis: Microscopic epithelial phenotype

-

. : . . Columnar epithelium retained
e Columnar mucinous epithelium is present.

e |t as indistinguishable from endocervical
mucosa.

e The distinction from surrounding squamous oo o 0 10 0 o
lining is the diagnostic morphological point.

Endocervical-type columnar mucinous cells

-

Simplified epithelium schematic — not histology



Linking development to visible adenosis

e The developmental event is incomplete Development-to-morphology correlation
replacement of glandular epithelium.

Persistent columnar cells
e Persisting mucosal patches form the anatomic
substrate of adenosis. 1

Vaginal adenosis
e A red granular examination finding corresponds
to the abnormal mucosa. 1

Red, granular mucosal patch




Adenosis should not be mistaken for a cyst

e Adenosis is an epithelial lining abnormality.

e A cystis a fluid-containing structure within
tissue.

e Surface patch and submucosal mass are
different morphologic patterns.

Discriminating features

Adenosis

Red granular mucosa

Columnar surface
lining

Not defined by a cyst
lumen

Ductal cyst

Submucosal fluid cavity

Embryological remnant

Not defined by red
mucosa




DES exposure and vaginal adenosis

e Adenosis occurs in only a small percentage of females overall.

e Reports in females exposed to DES in utero show much higher frequencies.

e A reported range of 35% to 90% among exposed females.

e The range describes historical reports rather than a universal individual risk estimate.




Interpreting the reported DES association

Observation Source-supported statement Interpretation constraint
General population Only a small percentage have adenosis No exact baseline percent supplied
DES-exposed Adenosis reported in 35%—-90% Broad range across reports

Individual case Exposure may be relevant Adenosis does not establish exposure




Why a broad frequency range needs caution

e A range, not a single population estimate.

e The supplied passage does not specify cohorts, methods or denominators.

e Do not calculate an effect size or relative risk from the excerpt.

e The supported conclusion is a strong historical association with prenatal DES exposure.




DES exposure has a historical context

DES was administered to pregnant individuals for threatened abortion in past decades.

Fetal exposure preceded recognition of some later vaginal findings.

The observations of clear cell carcinoma in the 1970s and 1980s altered practice.

Historical timing matters when interpreting the association.




Rare clear cell carcinoma in DES-associated adenosis

e Rare clear cell carcinomas arising in DES-related
adenosis.

e Cases were recognized in teenagers and young
females.

e Adenosis is not synonymous with carcinoma.

-

Association; Not inevitable progression

Prenatal DES exposure

}

Vaginal adenosis in some exposed females

}

Rare recorded clear cell carcinoma




Adenosis and clear cell carcinoma are distinct

e Adenosis denotes glandular epithelium in the vaginal lining.

e Clear cell carcinoma is a malignant epithelial tumor.

e The excerpt documents rare cancers in association with DES-related adenosis.

e No transformation probability or surveillance interval is provided.




Avoid overstating the DES—carcinoma link

e The reported association is clinically and Discriminating features
historically important.
Supported Not established here
e Neither adenosis nor prenatal DES exposure
means carcinoma is present. Historical association Universal progression
e The textbook passage does not quantify the Rare recorded

_ . . A precise lifetime risk
absolute malignancy risk. carcinomas

Affected young

A screening interval
females




Clinical vignette: Red mucosal patch

Clinical teaching vignette

A vaginal examination shows an irregular red, granular mucosal area
against otherwise pale-pink mucosa. The focus contains columnar
mucinous epithelium.

What is the best morphologic or developmental interpretation?




Interpretation: Vaginal adenosis

Interpretation

Persistent endocervical-type glandular epithelium

e Columnar mucinous lining is the microscopic defining finding.

e The visible red granular surface matches the textbook description.

e Prenatal DES history is relevant but not required for the morphological diagnosis.




Mesonephric ducts normally regress

r

e Mesonephric (Wolffian) ducts are present Embryological origins
during development.

Mesonephric (Wolffian) ducts

e They regress as female genital tract
differentiation progresses. l

_ _ o Most regress
e Residual duct tissue can persist in the lower

genital tract. l

Residual duct rests

A source for Gartner duct cysts




Embryonic remnants have predictable locations

e Robbins Figure 22.1 shows mesonephric remnants in ovary, adnexa and cervix.

e The developmental-anomalies section also identifies lateral vaginal wall duct rests.

e |ocation helps connect a lesion with its embryological origin.

e These remnants must be distinguished from Mullerian-derived epithelium.




Gartner duct cyst: A mesonephric remnant

e The lesion arises from Wolffian (mesonephric)
duct rests.

e |tis a fluid-filled submucosal cyst.

e The origin is distinct from persistent Mdllerian
columnar mucosa.

-

Submucosal cyst — cross-section

Cyst wall

Mesonephric duct remnant




Gartner cysts favor the lateral vaginal wall

e The characteristic anatomic site is the lateral Lateral wall: Anatomic location
vaginal wall.

Cervix
e “Lateral” identifies position, not epithelial

lineage by itself.

strengthens embryologic interpretation.

e Combining location and cystic morphology <

Vaginal wall

Lateral cyst

The drawing identifies position, not histology




Gartner duct cyst: Gross dimensions

-

: : Submucosal cyst — cross-section
e Cysts typically measuring 1-2 cm.

e The fluid-filled cavity lies beneath the mucosa.

e The size range is a descriptive feature, not a
universal diagnostic cutoff.

Cyst wall

Mesonephric duct remnant




Why Gartner cyst 1s a submucosal lesion

-

e Embryonic duct rests are retained beneath the Submucosal cyst — cross-section

surface lining.

e Fluid accumulation creates a cystic cavity within

the wall.

e The surface epithelium is not itself defined as

glandular adenosis.

Cyst wall

Mesonephric duct remnant




Cyst location and tissue of origin

Lesion Embryological origin Described location / morphology
Gartner duct cyst Mesonephric / Wolffian duct rest Lateral vaginal wall; 1-2 cm; Fluid-filled
Mucus cyst Maullerian epithelium Proximal vagina

Vaginal adenosis Persistent fetal glandular epithelium Red granular mucosal patch




Miillerian-derived mucus cysts

-

e Other vaginal cysts may arise from Miillerian Submucosal cyst — cross-section

epithelium.

e Robbins specifically mentions mucus cysts.

e These cysts are described in the proximal

vagina.

Cyst wall

Maullerian epithelium




Gartner versus Miillerian vaginal cyst

e The strongest textbook distinctions are Discriminating features
embryological origin and site.

Gartner cyst
e A Gartner cyst is mesonephric-derived and

lateral. Mesonephric remnant

e The mucus cyst is Mullerian-derived and
proximal.

Lateral wall

1-2 cm reported

Miillerian mucus cyst

Midllerian epithelium

Proximal vagina

No size range supplied




Why cyst lineage should not be inferred from size

A 1-2 cm size description applies to Gartner duct cysts in the excerpt.

No corresponding size distribution is provided for Mullerian mucus cysts.

A lesion’s location and morphology may support but not independently prove its origin.

Avoid treating a descriptive size as a hard exclusion criterion.




Vaginal endometriosis may simulate neoplasia

Endometriosis is another Mullerian-derived lesion discussed by Robbins.

It may occur within the vagina.

Its clinical appearance can simulate a neoplasm.

The present developmental-anomalies section does not detail histologic criteria for
endometriosis.




Surface and submucosal pattern recognition

Finding

Red granular mucosal patch

Lateral wall fluid cyst

Proximal vaginal mucus cyst

Lesion resembling neoplasm

Main consideration

Vaginal adenosis

Gartner duct cyst

Midllerian-derived cyst

Vaginal endometriosis is a
possibility

Source-based clue

Columnar mucinous surface epithelium

Mesonephric duct remnant

Maullerian epithelial origin

Potential clinical mimic




The three axes of morphological assessment

Site: Lateral vaginal wall, proximal vagina or surface mucosa.

Configuration: Duplicated canal, epithelial patch or submucosal cyst.

Cell type: Squamous versus columnar mucinous epithelium.

Context: Uterine duplication or documented prenatal DES exposure.




An anatomy-first diagnostic reasoning sequence

-

e First establish whether the anomaly alters Teaching algorithm, not formal criteria
structure, lining or forms a cyst.

Define the morphologic pattern
e Then identify its anatomic distribution and

epithelial phenotype. 1

Locate it anatomically
e Finally interpret embryological origin and any

relevant exposure context. 1

Link to developmental origin




Clinical vignette: Lateral submucosal cyst

Clinical teaching vignette

A small fluid-filled submucosal cyst is found on the lateral vaginal wall. It
measures within the 1-2 cm range.

What is the best morphologic or developmental interpretation?




Interpretation: Gartner duct cyst

Interpretation

Persistent mesonephric (Wolffian) duct rest

e Lateral location and submucosal fluid-filled morphology are characteristic.

e The typical 1-2 cm description supports the pattern.

e This differs from superficial adenosis and proximal Mullerian mucus cysts.




Clinical vignette: Proximal mucus cyst

Clinical teaching vignette

A cystic lesion containing mucus is identified in the proximal vagina. The
question is its likely embryological derivation.

What is the best morphologic or developmental interpretation?




Interpretation: Miillerian-derived cyst

Interpretation

Miillerian epithelium is the source-described origin

e Mucus cysts in the proximal vagina.

e Gartner duct cysts instead derive from mesonephric duct rests.

e The distinction concerns embryological lineage rather than malignancy.




Integrated comparison of developmental lesions

Entity Developmental basis Diagnostic phenotype

Double vagina Failure of Mullerian duct fusion Septate / duplicated canal; Uterus didelphys

Red granular mucosa; Columnar mucinous

Vaginal adenosis Residual fetal glandular lining cells

Gartner duct cyst Mesonephric duct remnant Lateral, submucosal, fluid-filled cyst

Mdllerian mucus cyst Midllerian epithelium Proximal vaginal cyst




High-yield pathology synthesis

Mullerian duct fusion defects affect tract architecture and may yield a double vagina with
uterus didelphys.

Adenosis reflects retained columnar mucinous epithelium and produces red granular areas.

Prenatal DES exposure is strongly associated with adenosis; Rare clear cell carcinomas were
reported historically.

Gartner cysts originate from mesonephric remnants; Mdllerian cysts and vaginal
endometriosis represent different processes.




Final applied question

Clinical teaching vignette

Classify four findings by developmental process: (1) duplicated vaginal
canal, (2) red mucosal patch with columnar cells, (3) lateral submucosal
fluid cyst, and (4) proximal vaginal mucus cyst.

What is the best morphologic or developmental interpretation?




Final applied question: Explanation

Interpretation

Each pattern points to a distinct developmental mechanism

e (1) Mullerian fusion failure; Associated uterus didelphys.
e (2) Retained fetal columnar glandular lining: Vaginal adenosis.
e (3) Mesonephric remnant: Gartner duct cyst.

e (4) Mdillerian epithelial origin: Mucus cyst of proximal vagina.




References and source boundaries

Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th edition (2026).

Embryology and developmental-anomalies discussions in the female genital tract section.

All anatomical drawings and microscopic-style diagrams in this lecture are original,
simplified schematics—not patient images or textbook reproductions.

The cited passage does not supply formal diagnostic algorithms, molecular testing guidance
or follow-up recommendations.
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