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It is not always what it seems: allantochorion cervical pole necrosis
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A B S T R A C T

A 286-day pregnant mare was referred for signs of impending abortion. The ultrasonographic evaluation 
revealed a high normal combined thickness of the utero-placental unit (CTUP), oligohydroallantois and a living 
fetus. No vulvar discharge was observed, and the cervical swab culture was negative. After a choke, the mare 
received NSAIDs and antibiotics and then developed systemic inflammatory response syndrome (SIRS) and 
aborted. The amniotic portion of the umbilical cord was excessively long and twisted and the chorionic side of 
the placenta showed a brown discoloration and rough surface area. E. coli was isolated from all the fetal 
membranes, fetal fluids and tissues. Histologically, degeneration and necrosis with dystrophic calcification of the 
chorial villi at the cervical pole was found. The final diagnosis was abortion due to placental infarction with 
secondary placentitis. Cervical pole necrosis is a poorly understood condition of the allantochorion, and a his
tological exam is necessary to obtain a definitive diagnosis.

1. Introduction

Pregnancy loss in mares may occur at any stage of gestation from 
fertilization to parturition and is a major problem due to its economic 
and emotional losses [1–3]. Causes of abortion, stillbirth and neonatal 
death in horses may vary over time and according to the geographical 
region [4–7]; non-infectious and infectious causes are involved [3].

Non-infectious abortions have been described as accounting for 10.5 
%–72 % of the total number of abortions and may occur at any stage of 
pregnancy in horses; causes include abnormalities of gestation and fetal 
membranes, i.e. umbilical cord (UC) and placenta, as well as maternal 
and fetal factors [8]. The pathological conditions of the UC represent the 
major cause of non-infectious abortion in the mare. In most cases, the 
cord is too long and twists to such an extent that UC flow of blood and 
urine is impeded or even completely obstructed, resulting in fetal death. 
This anomaly is known as UC torsion (UCT) and is responsible for more 
than half of all non-infectious abortions [9–13]. Cervical pole necrosis, 
also known as placental necrosis or placental infarction, is a poorly 
understood disease of the allantochorion and an infrequent cause of 
non-infectious abortion in horses. Currently, the pathogenesis of this 
unique lesion is not definitively known and only theories have been 
proposed to explain the presence of necrosis [14].

Placentitis is a common cause of abortion, stillbirth and neonatal 

death in horses [1,7,9,10,15,16]. Four morphologic types of placentitis 
have been described according to the type of lesions and potential 
pathogenesis: ascending, focal mucoid (nocardioform), diffuse (hema
togenous), and multifocal [17]. Ascending placentitis, which is caused 
by bacteria or fungi ascending through the cervical canal and infecting 
the placenta, is the most prevalent form of placentitis [18–21]. This 
condition is clinically characterized by premature udder development, 
increased uteroplacental thickness at the level of the cervical pole and 
mucopurulent vaginal discharge. If placentitis is untreated or not early 
treated, placental function is compromised, placental separation ensues 
and pathogens can spread to the fetus, resulting in fetal death and 
expulsion or the birth of a premature and/or septic compromised foal 
[22]. In chronic placentitis, the fetus may show intrauterine growth 
retardation. In this report, abortion in a 15-year-old Warmblood mare at 
293-day gestation due to UCT, and cervical pole necrosis with secondary 
placentitis is described.

2. Case presentation

2.1. Ethical Statement

The owner provided informed consent, as part of the hospital consent 
form, for the use of the horse’s data in the study.
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2.2. Presenting complaint and history

In March 2023, a 15-year- old multiparous Warmblood mare at 286 
days of pregnancy was admitted to the Equine Perinatology and 
Reproduction Unit (University of Bologna, Italy) for signs of impending 
abortion and abdominal discomfort. The owners reported that she had 
four previous normal pregnancies without complications. The mare had 
been housed with other horses, daily fed with hay and concentrates but 
was not regularly vaccinated nor dewormed. At the breeding soundness 
examination prior to artificial insemination, the uterine swab cultured 
positive for E. coli. Endometrial cytology was not performed. The mare 
did not receive any treatment. Due to a poor perineal conformation, a 
Caslick vulvoplasty has been performed.

2.3. Clinical findings and follow up

On presentation, the mare was in moderate body condition (BCS 5/ 
9), with mild colic signs (constantly kicking and watching the flank), 
moderate tachypnea (36 breaths/min), normal body temperature 
(37.7◦C), and normal heart rate (40 bpm). She showed laxity of pelvic 
ligaments, premature udder development, premature lactation and 
ventral edema. No vaginal discharge was observed, and a poor perineal 
conformation was confirmed. Since there were signs of impending 
parturition, the Caslick vulvoplasty was promptly opened. Vaginal ex
amination with a speculum revealed no obvious abnormalities. A cer
vical swab was taken for bacteriological examination: microorganisms 
were not cultured. Complete blood cell count (CBC) and blood chemistry 
parameters were within normal limits (ADVIA 2120, Siemens Health
care srl, Milan, Italy; Chemistry Analyzer AU400; Olympus Diagnostica 
GmbH, Lismeehan, Ireland) and serum progesterone (P4) was 5.64 ng/ 
mL (Immulite 2000, Siemens) which was physiological for this gesta
tional age (normal range 3–6 ng/mL at 110-300 days of pregnancy) 
[13]. Transrectal ultrasound (US) showed a high normal combined 
thickness of the utero-placental unit (CTUP) of 10.3 mm [23,24]. The 
fetus was in anterior presentation, and fetal fluids had a normal echo
genic appearance. Transabdominal US showed a physiological fetal 
heart rate at rest of 83 bpm (82–98 bpm at 10 months of pregnancy) [24,
25] and moderate fetal activity. The fetal aortic diameter was 18.7 mm 
which was lower than the normal values (22.25 ± 1.5 at 10 months of 
pregnancy) [24]. The CTUP in the mid-caudal and right-caudal areas 
measured 5.4 and 6.1 mm respectively and fluid’s depth was subjec
tively reduced. No placental detachment was observed. One day after, at 
288 days of gestation, US examination confirmed the reduced volume of 
fetal fluids except for the mid-cranial area of the abdomen. The fetal 
hearth rate remained within normal limits. At 289 days of pregnancy, 
serum P4 increased to 6.86 ng/mL.

2.4. Treatment and outcome

At 290 days of pregnancy, the mare accidentally injured the left 
masseter muscle that became edematous and painful by the night and 
dysphagia with a concurrent transitory episode of esophageal obstruc
tion occurred the following day. On US of the thorax, multiple confluent 
B-lines associated with initial focal consolidation of lung parenchyma in 
the left cranio-ventral quadrant were visible. Parameters of CBC were 
within normal limits except for a slight neutrophilia (9.3 × 106/µL; 
normal ranges 2.2–8.5 × 106/µL) and serum amyloid A (SAA) level 
increased exponentially to 311 µg/dL (reference range 0–10 µg/dL); 
therefore, flunixin meglumine (1.1 mg/kg IV BID), broad-spectrum 
antibiotic treatment with procaine benzylpenicillin and dihydros
treptomycin (15000 UI/kg IM SID) and gastric protection with sucral
fate (20 mg/kg PO TID) were started associated with a soft food diet. P4 
rapidly peaked at 11.70 ng/mL.

At 292 days of gestation, the mare was depressed with poor appetite, 
hyperthermia (39.1 ◦C), tachycardia (56 bpm) and mild tachypnea (24 
bpm), and she developed profuse, watery and malodorous diarrhea. 

Total CBC revealed an increased PCV (40 %), severe leukopenia (2.4 ×
103/µL WBC; normal ranges 5.5–12.5 × 103/µL) and further increase of 
SAA (316 µg/mL). Microbiological fecal exam and blood culture tested 
negative. On transabdominal US, the fetus had a normal heart rate of 90- 
100 bpm at rest, and subsequently fetal viability was monitored every 4 
to 6 h. Considering the clinical signs and collateral exams, the mare was 
developing systemic inflammatory response syndrome (SIRS) associated 
with multiple organ dysfunction syndrome (MODS) [26,27]; therefore 
flunixin meglumine and sucralfate treatments were continued, mainte
nance fluid therapy (2 mL/kg/h) with 1 % glucose combined with 
constant rate infusion of lidocaine (0.05 mg/kg/h), paracetamol (20 
mg/kg PO BID) and pentoxifylline (10 mg/kg PO BID) were added and 
procaine benzylpenicillin and dihydrostreptomycin was replaced by 
ampicillin (20 mg/kg IV TID) and gentamicin (6.6 mg/kg IV SID). 
During the night, the first signs of laminitis developed, hence cryo
therapy was started.

At 293 days of gestation, there had been no clinical improvement, 
and the US demonstrated the death of the fetus. Transvaginal palpation 
was performed, and it was possible to feel the head of the fetus due to a 
dilated cervix, although no evident uterine contractions were found. 
Dystocia due to fetal malposition developed: the fetus was in anterior 
presentation, dorso-pubic position, with lateral head deviation and 
bilateral shoulder flexion. The fetus was extracted via obstetric manip
ulations per vaginam2 h after it was found dead. The fetus was a 30 kg 
male, in good body condition and moderately autolyzed. The UC was 
macroscopically abnormal, 145 cm long (125 cm the intra-amniotic 
portion with 9 coils, 20 cm the intra-allantoic portion with 2 coils), 
excessively twisted, edematous, congested, inserted between the two 
horns (Fig. 1a) and the urachus showed segmental fluid-filled dilatations 
in the amniotic portion and petechiae in its inner walls (Fig. 1b). 
Placenta passed 2 h after abortion: the allantochorion weighed 5 kg (16 
% fetal body weight) with a type III pattern of vascularization and the 
gravid horn was the right one. Macroscopically, on the chorionic side 
there was a brownish lesion with firmly adherent calcified materials 
bordered by congestion, distended vessels and diffuse edema originating 
from the cervical pole and ascending to the base of the non-gravid horn 
(Fig. 1c); near the cervical star necrotic areas with transmural perfora
tions were present (Fig. 1d) and on the allantoic side diffuse congestion. 
The amnion had focal necrotic areas and distended vessels (Fig. 1e). 
Portions of 1 × 1 cm were collected from fetal membranes (pregnant 
horn, non-pregnant horn, body, cervical pole and amnion) for micro
biological and histopathological examination. The gastric contents of 
the fetus were collected and submitted for bacteriological analysis. The 
fetus was sent to the Experimental Zooprophylactic Institute of Lom
bardia and Emilia Romagna for necropsy and microbiological exami
nation. After stage III parturition, the mare became brighter and alert, 
the appetite improved, and diarrhea declined. On the same day, the 
lidocaine infusion was discontinued.

The next day, the mare showed mild hyperthermia (38.7 ◦C) and stiff 
gait, she was still leukopenic (3.9 × 103/µL WBC) and SAA was still 
elevated (249 µg/mL). A transrectal US revealed > 6 cm hypoechoic 
fluid in the uterine body and right horn; therefore, a uterine lavage was 
performed with 25 L of sterile isotonic NaCl solution: the recovered fluid 
was hemorrhagic with abundant fibrinous debris and a 50 mL sample 
was collected for bacteriological culturing; 10 IU oxytocin IV was 
administered at the end of the procedure. Together, these signs were 
indicative of septic puerperal metritis [28–30]. Therapies remained 
unchanged, and cryotherapy was continued. Uterine lavages were per
formed every other day until no more fluid was visible on US. Since the 
submitted samples of fetal membranes, fetal gastric contents and uterine 
fluid resulted positive for E. coli on culture (VELABAC) a Kirby-Bauer 
susceptibility test was performed, and gentamicin was replaced by 
amikacin (10 mg/kg IV SID).

Five days after abortion, diarrhea and leukopenia resolved (7.4 ×
103/µL), the consolidation was no longer detectable on US of the thorax, 
but SAA was unchanged. Vaginal examination with a speculum revealed 
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no obvious abnormalities but on US, an inhomogeneous 3 cm long area 
with a hyperechoic center was visualized ventral to the cervix suggestive 
of a uterine wall abscess or hematoma. A low volume uterine lavage was 
performed, and a 50 mL uterine fluid sample was sent for microbio
logical examination. Eleven days after abortion, uterine involution was 
proceeding normally [31] and US demonstrated a 30 mm follicle on the 

left ovary which ovulated four days later.
Thirteen days after abortion, all therapies were stopped except for 

antibiotics as the culture of the low volume lavage was still positive for 
E. coli and also cultured positive for Staphylococcus aureus. Based on 
antibiogram results, ampicillin and amikacin were substituted with 
sulfadiazine/trimethoprim (30 mg/kg PO BID) that was continued for 

Fig. 1. Umbilical cord (a): 145 cm long (125 cm the intramniotic portion with 9 spires, 20 cm the intrallantoic part with 2 spires), excessively twisted, segmentally 
edematous, congested and implanted between the two horns. Urachus (b): The urachus showed segmental fluid-filled dilatations in the amniotic portion and in its 
inner surface petechiae were visible. Allantochorion (c): Brownish lesion with firmly adherent calcified materials originating from the cervical pole and ascending 
up to the base of the non-gravid horn. It was surrounded by congestion and diffuse edema. Cervical star (d): In proximity of the cervical star, necrotic and devitalized 
areas were present characterized by fenestrations of the placenta. Amnion (e): Diffusely congested, with focal necrotic areas and distended blood vessels.

Fig. 2. Placenta at the level of the cervical star (a), (b) and (c). Diffuse congestion of the chorion (a) showing necrosis (asterisk) and calcification (arrow) of the 
chorionic villi and scant inflammatory infiltrate (arrowheads) (b); degenerated neutrophils in the superficial layer of the chorion (c). Placenta at the level of the 
uterine body (d) atrophy and necrosis (asterisk) of chorionic villi and trophoblasts associated with dystrophic calcification (arrow) and mild inflammation (ar
rowheads). Placenta at the level of the gravid horn (e), (f). Placenta of the gravid horn shows normotrophic villi (e) but marked dilation and hyperemia of blood 
vessels and focal microthrombosis (arrow) (f). Scale bar (μm): (a) 800; (b) 500; (c) 200; (d) 100; (e) 300; (f) 200.
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10 days; on US, the uterine wall lesion was still present and unchanged. 
The following day, SAA normalized, and the patient was discharged. 
Based on the referring veterinarian examination, the mare fully 
recovered.

2.5. Gross and histopathological diagnosis

At postmortem exam, fetal septicemia was demonstrated by isolation 
of E. coli from the fetal spleen and liver accompanied by subcutaneous 
icterus, subendocardial petechiae and hepatic necrosis. A real time PCR 
abortion panel (EHV, EAV, Leptospira; Experimental Zooprophylactic 
Institute of Lombardia and Emilia Romagna) performed on fetal mem
branes and tissues was negative. Histological examination of the cervical 
pole revealed necrosis and calcification of the villi, with sparse degen
erated neutrophils in the superficial layer of the chorion (Fig. 2a–c). At 
the level of the body of the allantochorion severe hyperemia of chorionic 
vessels and edema were present; moreover, atrophy and necrosis of 
chorionic villi and trophoblasts associated with dystrophic calcifications 
and minimal cellular inflammation were the predominant findings 
(Fig. 2d). Normal villi were scattered but the overlying epithelium and 
trophoblasts were atrophic and vacuolised. The allantochorion villi of 
the non-gravid horn were necrotic and focal calcifications of vessel walls 
and trophoblasts associated with scant neutrophils were further find
ings. The allantochorion at the level of the gravid horn showed normo- 
trophic and normo-plastic chorionic villi (Fig. 2e) but, in the chorion, 
marked congestion of blood vessels, focal thrombosis in small vessels 
(Fig. 2f) and rare perivascular neutrophils were also evident.

3. Discussion

At admission, the mare presented in this report showed typical signs 
of a high-risk pregnancy and impending abortion, i.e. colic symptoms 
and premature udder development/lactation [32]; additionally, she had 
poor perineal conformation and a history of a positive uterine swab 
before breeding which are predisposing factors for an ascending infec
tion of the reproductive tract due to fecal contamination and/or air 
aspiration in the vagina and cervix [33,34]. However, no vulvar 
discharge was present and the cervical swab at admission cultured 
negative for microorganisms. The transrectal US showed reduced fluids 
depth and a high normal CTUP [23,24]: decreased allantoic fluid’s depth 
is an indication of fetal distress and is associated with a negative 
outcome in human beings and horses [35]. In women, it usually de
velops due to decreased fetal urine production and is a good indicator of 
fetal chronic hypoxia [36], associated with intrauterine growth retar
dation and a poor perinatal outcome [37]. In mares, reduced amounts of 
allantoic fluid have been associated with a poor fetal outcome [35]. 
Collectively, none of the findings recorded at admission were indicative 
of an ascending placentitis but the mare was, despite that, closely 
monitored to detect any potential changes.

Due to the suspected aspiration pneumonia following the mandib
ular injury and a choking episode, the mare was administered procaine 
benzylpenicillin. Subsequently, she developed SIRS associated with 
MODS [26,27,38]; in addition, P4 peaked, indicating fetal stress due to 
progestogens synthesis from the fetal adrenal gland [24,39,40–42] and 
on US no more fetal heart activity was detectable. Experimental studies 
on neonatal leukocytes indicate that killing E. coli bacteria with b-lactam 
antimicrobial agents leads to a greater release of endotoxin and 
increased cellular synthesis of tumor necrosis factor compared to ami
kacin alone or the combination of amikacin and ampicillin [43]. In our 
case, it could be hypothesized that the stress of the choke induced 
cortisol and prostaglandins release stimulating parturition or that the 
administration of the antimicrobial drug may have caused a massive 
release of endotoxins from the fetoplacental unit and/or from the 
maternal gastro-intestinal tract leading to abortion, or a combination of 
both. Moreover, the mare had signs of impending delivery at presenta
tion and the timing of abortion may simply reflect progression of the 

underlying pathology.
UC length (UCL) in normal gestation can be quite variable and 

twisting is a physiological phenomenon that affects all its structures, 
sometimes with pathological implications [44,45]. Coiling is considered 
pathologic when it is excessive, causing vascular obstruction, edema, 
hemorrhage, thrombosis of umbilical vessels and/or obstruction of the 
urine flow [45–48]. UCL is affected by mare parity, age [49,50], fetal sex 
[49,51] and to date, the only known risk factor associated with UCT in 
equine fetus is an UCL > 80 cm [45,52–58]. The development of an 
excessive UCL could be potentially influenced by the site of UC insertion 
and the type of vascular pattern of the allantoic surface [59] with 
approximately half of the UCT cases associated with type II or III pattern 
[56]. More recently, some authors suggested that genetics may explain 
this condition, but more research is needed to confirm this [60,61]. 
Another possible explanation may be the association with the amount of 
fetal movement [62] with the excessive UCL that develops secondary as 
a response to stretching of the UC because of tension arising from the 
twisting of the UC [61,63]. The fetal-amniotic unit is highly mobile 
within the first five months of gestation, hereafter its mobility decreases 
and ceases by approximately the 7th month [64], mainly because of 
decreased space within the uterine lumen as the fetus grows [44,64]. 
Increased length of the amniotic part of the UC has been associated with 
UCT, and the risk of abortion due to UCT increased by 7.3-fold when the 
amniotic: allantoic UCL ratio was >1 [58]. These findings combined 
with the high fetal mobility up to 7th month of gestation and the 
exponential growth of the amniotic UC in the same time period support 
the hypothesis that may explain the high prevalence of abortion asso
ciated with UCT in the 6th to 8th month of gestation and that UCT is 
more likely to occur in the amniotic UC part rather than the allantoic one 
[13,45,52,58,63]. Altogether, these data correspond with those of this 
study: in fact, the total UCL was longer than normal (145 cm) with a 
more twisted amniotic portion (125 cm long, 9 coils) compared to the 
allantoic one (20 cm long, 2 coils), and a vascular type III pattern. 
However, not all mares with a long UC will abort due to UCT and they 
may even deliver a clinically normal foal at term [6]. In our case, UCT 
was macroscopically characterized by pathological twisting with tension 
and compressive forces on the affected portion of the cord, blanched 
constricted areas, edema, hemorrhage, aneurysms, tearing of the intima 
of vessels, thrombosis, and urachal dilatations of varying sizes forming 
urine-filled sacculations. Moreover, in cases of UCT, as observed in the 
present study, the fetus is fully developed, with good BCS and slightly to 
moderately autolyzed consistently with fetal death prior to abortion [45,
47,56]. The most consistent histopathological finding related to UCT is 
the evidence of necrotic changes with secondary deposition of calcified 
material in the blood vessels of the allantochorion [6,45]. Mineraliza
tion due to hypoxia may be caused by the decreased integrity of 
damaged endothelial cell membranes, allowing extracellular calcium to 
enter cells and combine with phosphate to produce the vascular endo
thelial mineralization observed with UC compression [65]. In a recent 
study by Roach et al (2023), histological assessment of the allantocho
rion identified three features associated with UCT diagnosis such as 
autolysis, villous mineralization and villous karyorrhexis but no UCT 
cases exhibited a significant inflammatory infiltrate in the allantocho
rion compared to cases without UCT [58]. Overall, these findings are 
similar with those of the present study since the lesion was mainly 
characterized by necrosis, mineralization and scarce inflammatory 
clusters. The presence of karyorrhexis and mineralization likely reflects 
ischemic injury resulting from poor perfusion of the chorion and, in the 
case of UCT, as a response to episodes of venous stasis following 
increased vascular resistance associated with the increase in UCL and/or 
vascular obstruction. All this suggests a more chronic pathophysiology 
involving lengthening of the amniotic, not allantoic, UC [58]. Identifi
cation of these features enables evidence-based refinement of diagnostic 
criteria for UCT, which can now undergo consultation to reach a 
generally accepted consensus [58].

Apart from UCT, cervical pole necrosis was confirmed in the present 
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case. It has been reported that inadequate perfusion can cause intra
vascular thrombosis in the peripheral tissues of the allantochorion and 
possible localized ischemic necrosis in placental portions distant from 
UC insertion, such as the cervical pole [52,62,66]. In fact, cervical pole 
necrosis has been theorized to occur either secondarily to placental 
detachment at the cervical pole or by ischemic insult related to hemo
dynamic abnormalities associated with long UCs and/or vascular oc
clusion [14,56]. Grossly, this condition appears as a sharply delineated 
area of brown discoloration without an increase in thickness and 
random foci of ischemic necrosis that may produce fenestrations in the 
allantochorion. Loynachan (2023) reported that 33/57 cases of cervical 
pole necrosis had no signs of impending abortion while 22 cases pre
sented signs of placentitis and were treated; in 44 cases the outcome was 
abortion and in one case was also present UCT; UCL was on average 89.4 
cm long and fetuses age averaged 272 days of pregnancy [14]. These 
observations were also noted in the current report. Although the 
macroscopic lesion on the chorionic side of placenta ascending from the 
cervical star to the base of non-gravid horn and the isolation of E. coli in 
fetal membranes and tissues could give reason to suspect an ascending 
placentitis alone as cause of abortion [33,67], a microscopic examina
tion of fetal membranes was needed to reach a final diagnosis. The 
histological changes described in the present report were suggestive of a 
chronic lesion of the allantochorion characterized by degeneration, 
necrosis and dystrophic calcification with concurrent low to moderate 
inflammatory infiltrate localized mainly at the cervical pole. The dif
ferential diagnosis should include placental infarction with subsequent 
secondary placentitis or primary chronic infectious placentitis. Both 
diagnostic conclusions are possible but considering the chronicity of the 
lesion characterized by low grade of inflammation, its main localization 
at the cervical pole, and the degeneration and necrosis, which are typical 
consequences of ischemia, the final diagnosis is most likely the former 
according to previous studies [56,68]. E. coli is one of the most common 
causes of cervical pole placentitis and an abortive agent in the equine 
species [8,69]. In this report, primary necrosis and devitalization of the 
cervical pole region, due to chronic ischemia associated with UCT, may 
have allowed this opportunistic pathogen to access the fetal membranes 
and consequently/secondarily instigating the placentitis [14,67]. 
Abortion due to bacterial infections generally is more frequent from the 
9th month of gestation [8] as observed in this report.

4. Conclusions

Cervical pole necrosis is an idiopathic, non-infectious, placental 
condition that can result in abortion, premature birth, delivery of a weak 
foal or delivery of a viable foal. A histopathological exam is of para
mount importance to reach a final diagnosis of this condition, but future 
studies are needed to better understand this unique cause of equine 
abortion.
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