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, ABSTRACT

Objective : To study the ultrastructure of the uterine septum in order to evaluate its role as a possible cause of

pregnancy failure and to discuss the value of hysteroscopic metroplasty in women with recurrent spontaneous abortions.

Patients and methods: This investigation was carried out on 32 women with a history of recurrent abortions and with a

proven septate uterus. They were diagnosed by hysterosalpingography, laparoscopy and/or hysteroscopy. The patients

were subjected to hysteroscopic metroplasty and were followed-up for a period of 6 months to 3 years. Several Biopsies
were taken during the proliferative phase from the upper, middle and lower parts of the uterine septum and from the

lateral uterine wall for comparison. the specimens were processed for both scanning and transmission electron
microscopic examination.

Results : Electron microscopic examination revealed defective preovulatory changes in the septal endometrium

compared to the endometrium of the lateral uterine wall. These changes included reduced number of glandular orifices,

irregular nonciliated cells with few or absent microvilli, incomplete ciliogenesis and reduced ciliated/nonciliated cell

ratio. The uterine septum appeared as a very well-vascularized fibromuscular tissue. It contained numerous smooth

muscle fibers separated by intercellular tissue containing collagen bundles that increased in amount in the lower part of

the septum. Many capillaries and venules were present in the uterine septum. After hysteroscopic metroplasty,
pregnancy occurred in 90% of the cases and H2.2% reached full term.

Conclusion: The classic concept of avascular fihrous septum is no longer acceptable as a possible cause of pregnancy
failure. However, the ultrastructure of the septum, detected in the present study could explain the occurrence of

recurrent abortion. Also, it is concluded that hysteroscopic metroplasty improves the obstetric performance of patients
with recurrent abortions in terms of pregnancy continuation.
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Septate uterus is the most common structural

abnormality of all Mullerian duct defects (1,2). It

results from incomplete resorption of the median

septum formed by complete fusion of the two

Mullerian ducts (3).

The incidence of the septate uterus IS about

2-3% in the general population (4) and 35% of all

uterine anomalies (2,5). Regardless of its size, the

septum is a significant risk factor for completion of

pregnancy (6). Tts presence is usually associated

with poor reproductive performance including high

incidence of first and second trimester abortion,

and preterm delivery (7,8).

Several theories have been postulated to explain

the association of high rates of recurrent

spontaneous abortion with septate uterus. They
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have related the occurrence of abortion with a

specific histological feature of the septum that

causes abnormal placentation. March in 1983,

reported that the septum is a fibroelastic tissue (9);

while Fayez in 1986, reported that the septum has

more connective tissue and fewer muscle fibers

(10). Some investigators have claimed that the

uterine septum is avascular (11,12). Others

considered it as a poorly vascularized

fibromuscular tissue (13).

Recently, the classic concept of avascular

septum as a cause of pregnancy failure has been

challenged. Sparac et al, described the intrauterine

septum as a very well vascularized fibromuscular

tissue (14). Surprisingly, most of the literature

lacks extensive work on the histologic composition

of the uterine septa. Therefore, it was the aim of

the present investigation to document and evaluate

the ultrastructure of the uterine septum, in women

with a history of recurrent spontaneous abortions,

using both the scanning and the transmission

electron microscopes.

MATERIALS & METHODS

This clinical and histological investigation was

carried out on 32 women with a history of three or

more spontaneous successive abortions and with a

proven septate uterus. They were diagnosed by

hysterosalpingography, laparoscopy and/or

hysteroscopy. These women were attending the

Outpatient Clinic of Obstetrics and Gynecology, at

Mansoura University Hospital, during the period

from April 2000 to June 2003. After giving a

written consent, the women were enrolled in this

study. They were subjected to hysteroscopic

mctroplasty and were followed up for a period

ranging from 6 months to 3 years. The decision to

perform hysteroscopic metroplasty was based on

the poor reproductive performance rather than the
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presence of a septate uterus.

Hysteroscopic Metroplasty:

The procedure was performed during the

proliferative phase of the menstrual cycle. All

patients were under general anesthesia in the

lithotomy position. A Hamou II microhysteroscope

(Karl Storz, Germany) was introduced. After

confirming the diagnosis, the 5 mm sheath was

removed and the 9 mm one was inserted. The

resectoscope with the cutting loop (diathermy

knife) and ~he working element were introduced.

The distending medium (1.5% glycine) was

installed into the uterine cavity VIa a

Hamou-Hysteromat (an electronically controlled

irrigation delivery system that calculate the optimal

pressure and the rate of flow of glycine). Several

biopsies were taken and the septum was then

excised using the diathermy knife of the

resectoscope with a cutting current from 60-70

Watts. The lower half of the septum was cut from

below upwards, while the upper half was cut from

side to side in a shaving manner. The procedure

was stopped em from the expected line

connecting the tubal ostia to avoid fundal

perforation.

With the hysteroscopic resection of the septum,

a concurrent laparoscopy was done to confirm the

diagnosis of septate and to reduce the risk of

uterine perforation.

Postoperative conjugate estrogen and

progesterone (1.25 mg and 10 rng/day,

respectively) were prescribed for one month to

assist epithelialization. Perioperative prophylactic

antibiotic in the form of Doxycycline (100 mg

twice daily) was given for one week. A

postoperative follow-up examination was

conducted after one month.
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Ultrastructural Study:

Several biopsies were taken from the different

levels of the septum, namely the upper part, the

middle part and the lower part of the septum. A

biopsy from the uterine wall was obtained from the

lateral aspect of the uterine cavity for comparison.

all the specimens were immediately cut into

very small pieces and were fixed in a freshly

prepared cold 3% glutaraldehyde in 0.1 M

phosphate buffer at 4°e for 2 hours. The

specimens were then washed in cold phosphate

buffer and postfixed with 1%ferrocyanide-reduced

osmium tetroxide in 0.1M phosphate buffer at 4°e

for 2 hours.

For the scanning electron microscopic study,

the specimens were dehydrated in graded ethanol

and critical point dried (15). The specimens were

then coated with gold and examined with a JEQL

T 100 scanning electron microscope.

For the transmission electron microscopic

study, the specimens were block stained overnight

with I% uranyl acetate in the refrigerator,

dehydrated in graded ethanol and embedded in

absolute Epon. Ultrathin sections with a gray

interference color were cut, picked up on uncoated

copper grids, double stained with uranyl acetate

and lead citrate and examined with a lEOL 100 ex
transmission electron microscope.

RESULTS

Clinical Data:

This investigation was conducted on 32 women

with a history of recurrent abortions and proven

septate uterus (Figs 1,2). The demographic data of

the studied group are presented in Table I. The

previous obstetric performance of the studied
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group is presented in Table ll. The follow-up

periods of the cases following hysteroscopic

metroplasty and their obstetric performance are

shown in Table III.

Ultrastructural Study:

1. Scanning electron microscopy:

Examination of the surface of the endometrium of

the lateral wall of the uterus (normal endometrium)

during the proliferative phase of the menstrual

cycle with the scanning electron microscope

showed that the endometrial surface was highly

folded and the ostia of numerous endometrial

glands appeared scattered along the endometrial

surface (Figs. 3-5). The endometrial surface

appeared lined with small patches of ciliated cells

interspersed with noneilia ted secretory cells. The

cilia appeared to be numerous, tall and vigorous.

The nonciliated cells demonstrated convex apices

covered with regularly distributed microvilli

(Fig. 6).

On the other hand, the surface of the septal

endometrium showed less number of uterine gland

openings (Figs 4-7). The septal endometrial

epithelium exhibited less number of ciliated cells

and incomplete ciligenesis. The cilia appeared

fewer and shorter. The nonciliated secretory cells

were irregular and demonstrated few irregular

microvilli (Fig. 8).

2. Transmission electron microscopy:

Transmission electron microscopic examination of

the lateral wall of the uterus (normal endometrium)

during the proliferative phase of the menstrual

cycle (Figs. 9,10) showed that the endometrium

was formed of a surface epithelium invaginated to

form numerous tubular uterine glands and a thick

lamina propna the endometrial stroma). The
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surface epithelium appeared as a simple columnar

epithelium that possessed scattered groups of

ciliated and nonciliated secretory cells. The cilia

were regular and markedly numerous. The apical

cytoplasm of the ciliated cells contained plenty of

mitochondria and many electron-dense Iysosomes.

The secretory cells contained widely dilated

profiles of endoplasmic reticulum distended with

electron-lucent or moderately electron-dense

material (Fig. 9). variable-sized electron-dense

Iysosomes were also seen. The luminal surface of

the secretory cells was provided with numerous

regular microvilli (Fig. 9). The epithelium of the

uterine glands was similar to the surface epithelium

but the ciliated cells were fewer.

The septal endometrium (Figs. 11,12) exhibited

less number of ciliated cells whose luminal borders

were provided with few short cilia. The secretory

cells were more numerous and demonstrated

absent or few apical microvilli.

The uterine septal tissue showed varying

degrees of a myometrial component composed of

numerous spindle-shaped smooth muscle fibers

with elongated vesicular nuclei (Figs. 13,14,15).

The cytoplasm contained prominent longitudinally

oriented microfilaments. The rest of the cell

organelles tended to accumulate at the nuclear

poles. The muscle fibers were separated by

intercellular material containing collagen bundles.

In the upper part of the septum (Fig. 13), the

intercellular elements were little in amount and the

muscle fibers were seen closely opposed to each

other. In the middle part of the septum (Fig. 14),

the intercellular material and the collagen bundles

increased in amount. in the lower part of the

septum (Fig. 15), the connective tissue elements

were more abundant.
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Numerous venules and blood capillaries were

observed in the uterine septum (Fig.16). They were

lined with thick endothelial cells with prominent

nuclei and their lumina contained erythrocytes. The

venules appeared partly surrounded with muscle

fibers. The capillaries were either continuous or

fenestrated and the nuclei of the associated

pericytes were occasionally seen.

Septate uterus is associated with the highest

incidence of reproductive failure and several

obstetric complications. These complications

include first and second trimester recurrent

abortions and preterrn delivery (16-18).

Approximately 15% to 25% of spontaneous

recurrent abortions are thought to be caused by

mullerian fusion defects, and almost all are

associated with uterine septa (19). The mechanism

by which the septate uterus causes pregnancy loss

is not clearly understood. Abortions caused by the

septate uterus is usually recurrent and has been

attributed to implantation of the fertilized ovum in

the septum which was suggested to have a poor

blood supply leading to poor implantation or

placentation and ending in inevitable abortion

(20,21).

Hysteroscopic metroplasty has proved

exceedingly successful and accumulated reports

from different centers recommended its use as the

first line in the treatment of women with a history

of recurrent spontaneous abortions. The short

operative time, the minimal postoperative

morbidity and the avoidance of incision of the

peritoneum made many investigators consider this

technique as the line of choice in treatment of the

intrauterine septum 0,4,22).

May, 2004, Vol. 8. No.2
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In the present study, the uterine septa were

excised by hysteroscopic metroplasty with-a

. follow-up period ranging from 6 months to three

years. Pregnancy occurred in 28 out of 32 cases; a

pregnancy rate of 90%. The pregnancy outcome

was improved compared to that of the pretreatment

state. Full term pregnancy was achieved in 23

women (82.2%). Two (7.1 %) preterm deliveries

and only 3 (10.7%) abortions were recorded. These

findings support those of other investigators who

evaluated the hysteroscopic treatment of different

types of uterine septa and concluded that

hysteroscopic metroplasty had improved the

obstetric performance of the patients in terms of

pregnancy continuation (2,22,23).

Histologically, it has been postulated for a long

time that the uterine septum is formed of a

fibroelastic tissue that is inadequately vascularized

(9) or of connective tissue containing few muscle

fibers (10,24).

In the present investigation, electron

microscopic examination revealed that the uterine

septum is formed mainly of smooth muscle fibers

similar to those of normal myometrium with

numerous blood vessels and little amount of

intervening connective tissue. Similarly,

Dabirashrafi et al. found that the uterine septum

consisted of connective tissue, muscles and blood

vessels (25). They reported that the amount of the

connective tissue was significantly lower in the

septum than in the uterine wall. Using magnetic

resonance imaging, Zreik et al. in 1998, reported

that uterine septa were frequently composed of

myometrial tissue with many muscle fibers (26).

Histological evaluation of the resected septal tissue

confirmed their finding. Recently, Sparac et al.

reported that the intrauterine septa consisted of the
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same type of tissue as normal myometrium (14).

They also documented the presence of numerous

blood vessels inside the septa by transvaginal color

Doppler study. They claimed that the muscular

tissue within the uterine septum is a potential cause

of irregular contractility and consequently

increased abortion rates in patients with a septate

uterus.

Although Zreik et al. (26) showed an evidence

of myometrium in the upper part of the intrauterine

septum and that the lower part of the septum was

formed of fibrous tissue, the present ultrastructural

study revealed the presence of smooth muscle

fibers in all parts of the septum (upper, middle and

lower). In the upper part of the septum, the smooth

muscle fibers were more abundant and more

closely opposed, whereas the lower part of the

septum demonstrated increased intercellular tissue

with abundant collagen fibers.

The differentiation of the endometrial

epithelium is a dynamic event that occurs

throughout the menstrual cycle and early

pregnancy (27) Candiani et al. studied the

histological structure of the endometrium covering

the septum and reported a slight difference

compared with normal endometrium (21). They

claimed that this difference could negatively

influence the stages of development following

implantation particularly the structure of the

maternal-fetal relationships which precedes

placentation.

Using the scanning electron microscope, this

investigation compared the septal endometrium

with the endometrium of the lateral uterine wall

and revealed that the septal endometrium showed

defective preovulatory changes in the form of a

reduced number of glandular orifices, irregular

nonciliated cells with few or absent microvilli,

Electron microscopic study of the uterine septum
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incomplete ciliogenesis on ciliated cells and

reduced ciliated: nonciliated cell ratio. Fedele et al.

examined the endometrial surface morphology in

patients with septate uterus and reported similar

results (27). These defectvie changes could be

explained by the findings of Sparac et al. who

suggested that the endometrial mucosa covering

the septum is poorly responsive to estrogens (14).

In conclusion, the results of this ultrastructural

study confirm that the uterine septum consists of a

very well vascularized fibromuscular tissue.

Therefore, the theory of avascular fibrous septum.

as a cause of pregnancy failure is not acceptable. It

is suggested that the few connective tissue

elements in the septum may lead to poor

decidualization and placentation in the area of

implantation with a subsequent poor pregnancy

outcome. Moreover, the increased amount of

muscle tissue in the uterine septum could result in

a higher and uncoordinated contractility causing

higher rates of abortion. The observed

ultrastructural alterations Il1 the septal

endometrium may create an unsuitable medium for

the implantation of the blastocyst. The value of

hysteroscopic metroplasty as the first line of

treatment of septate uterus in women with

recurrent abortions IS confirmed in this

investigation. Therefore, hysteroscopic septum

resection is recommended in asymptomatic women

with septate uterus as a prophylactic procedure to

improve their chances for a successful pregnancy.
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'l'ablc I : Thc demographic data of the studied group ( N  = 32) 
B * P.- - - -*- 

Age ( ~ c a r s )  1 21 - 34 

! Gravidity 5 -  12 

Vuria ble i R;b- &lean f S. B. 
1 

-. -- I 
27 + 3 

7 + 2  

Parity 

Weight (kg1-n) 

'Fable 11 : The previous obstetric performance of the cases 

Height (cm) 

Study group 3 2 

2 - 8  

62 - 95 

3 f l  

84 + 3 

155'- 178 163 + 4 

- 

1 " trimester abortion 

2'ld trimester abortion 

/ Full tern1 delivery I 

I6 

66 

Prcmaturc rupture of rnembrarles 

Premature labour 

N.B. Some women presented by more than one problem 

Table TI1 : The obstetric performance of the studicd group after hysteroscopic ~rietroplasty 
I 

27 1 
3 6 1 

W.B. Thc duration of follow up rangcd from 6 months up to 3 ye:11-s I 
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Fig. I .  A hysrerosnlpingogram show~ng a scptate uterus, the uterine septum is marked by the arrow. 

Fig.2. A hysteroscapic view of the same cnse in fig.1 showing an intrauterine septum (S), the uterine cavity is divided 
into two compartments (*) 

Hesham Shulan, et al. 

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle



F1g.3. A scanni~ig electron micrograph of endometrium of the lateral utcrlne wiill d\~t.~ng the prolifcrative phase of the 

mcnslrual cycle showing nunlerous uterine gland nrificcs (arrows) o n  the surface of the highly folded endometrium. (XI 10) 

Fig.4. A scanning electron micrograph ol'scptal endomctriu~n of the siunc case in  fig. 3 showing the surfacc and ils 

plicac with less number of uterlnc gland oritice5 (arrows), (X 1 1 0 ) .  
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Fig.5. A scanning clectron micl-ogrnph 01- nornlal cnc1omet1-ium during the PI-olitrative phasc showing the folded 

cndonlctriu~n with nurilurous uterine gland oril'ices (:~rrows). (X 375). 

Fig.6. A scanning elcct~.on micrograph of thc siumc nortll~ll endi)r l~ctr iur~~ i l l  I'ig. 5 showing patchcs ol'ciliated cells 

(arrow) intcrspcrset-l with ni)ncilialccl socruto~-y cclls (at-I-owl~call). Norc Ihc dcnsc ciliation and the convex npiccs 

of thc S C C I . C ~ O ~ Y  ccllb COVCI-cd will1 I . C , U L I ~ ~ ~ I -  ~~l ic~-ovt l l i .  (X.1, 750) 

I 
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Fig.7. A scanning electron micrograph of the septal endometrium of the same case in fig. 5 showing fewer numbers of 
glandular orifices (arrow) (X 375). 

I - ,  :.* ! 

!, . Q .i $7 % -, -41 :i.-i  

- 

, . 
I;:.; f ... - .. 
' : +!t$!! - 7 t J  

'11 - !fj,t+!A1 r- 
M I  ..- . 

' - ''11Ai 1 
* . 1 .  . - .  _ _  . . I  . .  

Fig. 8. A scanning clectron micrograph of the uterine septal endometrium of the same scptum in fig. 7 showing fewer 

numbers of ciliated cells with few short cilia (arrow). The nonciliated cells appear irregular with fcw irregular microvilli 
(arrowhead). (X 3,750) 
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Fig.9. A (ransniission electron micrograph of cndometri~tm of the latcriil uterine wall during the 131-olifcrative phase o f  

the ~ncnstrual cycle showing a group of columnar ciliatcd cells. the cilia (C) arc rcgular and nu~iibcrous. The apical 

cytoplasm ol' the ciliatcd cells contains numerous mitochondria (arrows), rrlnrly electron-dense lysosorr~es (I,)  and many 

cytoplastnic vacuoles (V)(.  (X 4, 500)  
I 

I 

Fig. 10. A transniission electron micrograph of endotne~rium of lhe lateral uterine wall rlurirlg the pruliferativc phase showing srnall 
groups (11. ciliated cclls (stars) and nonciliatcd secretory cclls. Thc secretory cclls contain widely dilated profiles of cndoplastnic 

reticulum distended with electron-luccnl or moderately electron-densc rr~aterial (arrows) and clcctron-dcnsc lysosomcx (L) of variable 

sizcs. The lutninal surfacc ol'the secretory cells has fairly numerous rcgular microvilli (arrowheads). ( X  4,500). 

Hesham Shalan, et al. 35 Llrctruri ~iiicr.osco/>ic. s l u l l ~ ~  ( ~ ~ r l r l ~  ~r/r,r-ine . s t , l~r~rr l l  I 

echo
Rectangle

echo
Rectangle

echo
Rectangle



Fig. I 1 .  A tralis~nission clcclron tr~icrograph of scptnl cndomctrium ot rtw same utcrus showing few cilintcd cells and a 

group o r  marly secrctory cells. The luminal horrlcl- of the ciliated cclls cxhihirs fcw shorl cilia (arrows). The cytoplasm 

of the secrctory cclls contains widely clilnted profilcs of cndoplasmic I ~ C ~ ~ C ' U I U T I I  (crossed iurows) whereas thcir luminiil 

I : I~.  12. A I11ghc1- mirgn~l'lcat~on of'thc prevloLls I ' I~LII-c  showitlg rlic few short ~ i l i i l  (JI.I .~WS) of ciliated cclls and the few miurov~lli 

(crosscd arrows) on rhe surl'ace 01' ~ h c  sccrctory cclls. Thc cyroplaso~ of the ciliated cclls contain numerous apical mitochondria 

(M), ribosomes (R),  lysosonics (I,) ;~ncl v:~cuolcs (stars) of varii~hlc s ~ / c s .  'I'hc cylopliism of the secretory cells is full o f  witlley 

dilated profiles of cnrloplas~i~ic rel~culunl dislcriilcd with clectl-on-lucent or rnoderiircly eleclron-clense malcrial. (X 5,750). 
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Fig. 13. A 11-itnsrnission c lcc~ron  111i~1.0g~ilph 01' the L I ~ P C I .  I7ill.t of' thc II(CI-IIIC sel>t~lril showi~ig  logitudinally cut smooth 

muscle cclls (fibers) with clongatcd v e s i c u l ; ~  nuclci. 'l'he nlusclc ccll5 arc closely opposed with littlc intercellular 

material containing small collagen bundles (i11-1-ow.;). Tllc s:ircclplasm vhows prominent myofilarncnts (c~.osscci ;irrows) 

running longitudinally. ( X  4.500). 

1:ig. 14. A ~ ~ , a n s m ~ s s i o n  clcct~-on nlic1-ograp11 ol' the 111iddle part of- tllc utcrinc scpturll during thc pto1ifcr:ltivc phase 

showing logitudinally cut smooth ~nusc lc  Ilhcrc wit11 oliirlg~ltcd vesicula~. nu'clei and logitudiniilly oricnted myofibrils. 
, I hc ccll orgiunelles tcnd to aggregate ar thc nucleat ~x l lcs  (al-rows). 'Thc musclc cells arc separaicd by more conncctive 

tissuc contailling uollugcn hundlcs (;~I.I.OW~IC:I~S). (X 4,500). 
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Fig, IS. A trnnsmission clcctron trlicrograph of thc lowcr part of the septum o l  thc surne uterus. The srnooth rnusclc 

fihers are cut horh logitudinnlly ( a r 1 . o ~ ~ )  ancl tr:uisverscly (crossed arrows). They have vcsicular nuclci ancl protninent 

tnyofilamcnts. Notice the inc~.eascd intcrcel l~~al~.  material with ahundant collagen hutldlcs (a1.1-owheads). (X 4,500). I 

Fig. 16. A transmission electrorl microgmph of a Iiighly vascularized area of thc uterine seplurn. Bloo(1 capill~~ries (stars) and 

vct~ulcs ( V )  ;Ire sccn with erythrocytes in their lumitla. The capillary endotliclium may hc cot~tinuous (long iurow) or fcnestratcd 

(arrowlleads). Thc venulcs at-c partly surrounded with ll~uscle fihcrs (shorl arrows). Noticc the prorrii~icr~t rlr~clei of cndotl-~elial I 

cells ( N ) ,  the rluulci of assouiilrcd pcricytcs (CI-ossed arrows) and scptal smoorll musulc colls (thick art-ows). (X 4,500). 
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