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Abstract: Hydramnios is an excessive accumulation of fluid within the amniotic compartment. It is
a rare condition in mares, often associated with fetal anomalies. Hydrops of fetal membranes
predisposes to the rupture of the prepubic tendon, and many authors suggest the induction of
parturition to preserve mare’s reproductive career. This report presents the case of a 15-year-old
multiparous Quarter Horse mare, referred at 268 days of gestation for suspected hydrops. Repeated
ultrasonographic exams confirmed an increase in the depth of the amniotic fluid and reduced fetal
viability. During the hospitalization, the mare developed a partial rupture of the prepubic tendon.
In this case, a conservative approach was elected, and the mare was treated with nonsteroidal anti-
inflammatory drugs (NSAIDs) and an abdominal support bandage. At 327 days of gestation, the
mare gave birth to a foal with APGAR score 1. The resuscitation attempt was unsuccessful, and the
foal died immediately. A post-mortem examination diagnosed a congenital diaphragmatic hernia
(CDH) with pleuroperitoneal diaphragmatic eventration.

Keywords: hydramnios; congenital diaphragmatic hernia (CHD); prepubic tendon rupture; equine;
foal; mare; hydrops

1. Introduction

In mares, hydrallantoid and hydramnios are rare conditions, characterized by the
pathological accumulation of fluid within the allantoic and amniotic compartments,
respectively. Only a few cases of hydramnios in mares are described in the literature [1-
3], and only one resulted in the birth of a live foal [4]. In the amniotic compartment,
normal fetal fluid volume is reported to range from about 3 to 5 L near term; in the
allantoic compartment, there is a gradual increase to about 8-15 L [5]. In the case of
hydrops, the amount of accumulated fluid is variable: an increase in allantoic fluid to 120-
220 L was reported by Vandeplassche et al. [6], whereas Honnas et al.[1] described a 96 L
hydramnios.

In cows, the pathophysiology of hydrallantoid has been related to abnormal
placentation, whereas hydramnios has been associated with an abnormality of the fetal
head that precludes swallowing [7]. In one mare, the presence of fetal anomalies in the
head, and in particular, in the oral cavity in the case of hydramnios, would support this
thesis [2]. Conversely, the experimental induction of esophageal atresia in four ovine
fetuses during advanced gestation did not result in hydramnios, suggesting the existence
of other mechanisms in the pathogenesis of this condition [8].

Frequent complications of hydrops are the rupture of the prepubic tendon [9] and
body wall tears [10]; in most serious cases, rupture of the uterus is also reported [1].
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The present case report describes a case of hydramnios in a mare, resulting in the
full-term birth of a non-viable foal with congenital abnormality.

2. Clinical Description

In March 2021, a 15-year-old multiparous Quarter Horse mare at 268 days of
gestation was referred to the Perinatology and Reproduction Unit (Equine Clinical
Service, Department of Veterinary Medical Sciences) of the University of Bologna for
premature udder development and suspected hydrops. The referring veterinarian had
noticed an increase in the volume of amniotic fluid during a transrectal ultrasound
examination.

The mare had never shown any problems in the previous seven pregnancies. At
admission, the mare presented with severe edema of the ventral portion of the abdomen
and caudally to the udder. The mare was reluctant to move and sweaty. Body condition
score and muscular tone were normal. At physical examination, she presented
tachycardia (65 beats/min) and slight tachypnea (20 breaths/min), and the body
temperature (37.6 °C) was within normal limits. On abdominal auscultation, the motility
was decreased, and fecal output was reduced, with dry feces throughout hospitalization.
The mammary gland was well developed. Mammary secretions were evaluated with a
calcium titration method (FoalWatch; Chemetrics, Midland, VA, USA) and the
concentration of calcium was 150 ppm Ca [11]. Hemato-chemistry parameters were within
normal limits and the serum biochemistry was monitored during the hospitalization
period. Transrectal ultrasonographic (US) examination showed a combined thickness of
the utero-placental unit (CTUP) within normal limits (range 5.53-6.77 mm at 10 months
of pregnancy) (Figure 1a) [12]. The fetus was in anterior presentation, and the orbital size
was 33 x 28.7 mm (Figure 1b). Transabdominal ultrasonographic examination showed a
fetal heart rate at rest at the lower limit (58 bpm) (Figure 1c) and lower than the normal
range after activity (67-71 bpm) [13,14]. The maximum depth of the amniotic fluid was
measured in the mid-caudal quadrant (>15 cm; Figure 1d); in the mid-mid quadrant, the
allantoic fluid was measured at the maximal depth (11 cm) [14].
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Figure 1. Ultrasonographic images. (a) Transrectal ultrasonographic examination of the combined thickness of the uterus
and placenta (CTUP) (red asterisk); Al: allantoic fluid; Am: amniotic fluid; (b) fetal orbit measurement (transrectal
ultrasonography); (c) fetal heart rate measurement (58 bpm) (transabdominal ultrasonography); (d) depth of the amniotic
fluid (>15 cm) (transabdominal ultrasonography); Am: amniotic fluid.

On the third day of hospitalization, the mammary secretions were bloody. For this
reason, a partial rupture of the prepubic tendon was suspected, supported by the increase
in serum creatine kinase (CK) enzyme activity (Table 1). The mare was treated with
flunixin meglumine (1.1 mg/kg i.v. q12h) and sucralfate (20 mg/kg per os q8h) and kept
on stall rest. A commercial abdominal support bandage was applied, and the wrap was
tightened daily as the ventral edema and swelling decreased over time. On day 316 of
gestation, NSAID therapy was changed to firocoxib (loading dose 0.3 mg/kg per os SID,
then 0.1 mg/kg per os SID) [15].

Further ultrasonographic examination (US) checks were performed every 5 days,
until delivery. Repeated US exams confirmed a persistent increase in the depth of the
amniotic fluid compared to the reference values [13,14], reduced fetal viability [14,16], and
reduced fetal movements. The fetal stomach was never visualized.

Table 1. Trend of serum creatine kinase (CK) concentration during the hospitalization period.

Parameter Day 268 Day 271 * Day 277 1 Day Post-Partum
CK (U/L) 136 857 107 538
* First day of treatment.
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Figure 2. Macroscopic findings of the foal (a) foal at birth; (b) edema of the head, eyelids and lips; (c) congested mucous

In the following days, mammary secretions became milky, and mammary calcium
was 250 ppm; moreover, the mare began to drop secretions.

On day 321 of gestation, the maximal abdominal circumference was 230 cm; six days
later, it became 320 cm.

At 327 days of gestation, the mare gave birth to a non-viable male foal (Figure 2a).
The foaling took place in broad daylight, and it lasted about 20 min. The foal was born at
3:20 pm still wrapped inside the amniotic membrane, which required a certain force to be
broken. The APGAR score at birth was 1: heart rate was 40 bpm; mucous membranes were
congested/cyanotic (Figure 2c); the foal was unresponsive to stimulation, in lateral
recumbency, and spontaneous respiration did not commence. The resuscitation attempt
was unsuccessful, and the foal died immediately. The head was edematous, particularly
at the level of the lips and eyelids (Figure 2b).

membranes.

Foal’s blood lactate was measured after death by intracardiac blood sampling and
measured at 17 mmol/L; biochemical parameters and fibrinogen were also evaluated
(Table 2). The mare’s blood lactate after parturition was 1.1 mmol/L and blood glucose
115 mg/dL, both measured from jugular blood.

Table 2. Foal serum biochemistry and fibrinogen at birth with reference values in brackets [17].

CK (U/L) 538 (40-909)
Total bilirubin (umol/L) 49.42 (22.23-76.95)
Total proteins (g/L) 41.8 (43-81)
Albumin (g/L) 31.8 (25-36)
Albumin/Globulins 3.18
Urea (mmol/L) 1.28 (0.32-1.43)
Creatinine (umol /L) 271.4 (106.08-380.12)
Phosphate (mmol/L) 2.13 (1.81 £ 0.58)

Calcium (mmol/L) 4.05(2.93 +0.5)
Sodium (mmol/L) 147 (141 £ 18)
Potassium (mmol/L) 9 (4.6 £1.0)

Chloride (mmol/L) 103 (102 + 12)
Magnesium (mmol/L) 1.10 (0.99 + 0.74)
SAA (ug/dl) 9 (0-36.600)
Fibrinogen (g/L) 1.59 (1-4)
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The fetal membranes were expelled after 50 min from parturition. Their total weight
was 4.3 kg (chorionallantois 3.25 kg). The length of the cord in the amniotic portion
measured 42 cm with five coils, whereas in the allantoic portion, it was 35 cm with four
coils. On the chorionic surface, the cervical pole presented an edematous portion 1-1.2 cm
in thickness, whereas another portion was very thin (Figure 3a). On the body, there was
an edematous portion about 2 cm thick, but the rest was normal. The villi distribution was
homogeneous, with a slight rarefaction in the body within normal limits (Figure 3c). The
attachment of the umbilical cord was between the two horns and the pregnant horn was
the left one. The allantoic surface was normal (Figure 3d). It was possible to appreciate a
thickening of some portion of the amniotic membrane. An anomalous hippomane was
detected, with heterogeneous color and soft consistency (Figure 3c). Full-thickness
samples of the chorioallantois were taken from the cervical star, the body, the non-gravid
horn and the gravid horn [18,19]. Samples were formalin-fixed and paraffin-embedded.
Routine  histological —hematoxylin—eosin-stained slides were obtained. The
histopathological exam of the chorioallantois showed diffuse edema of the chorionic
connective lamina.

Figure 3. Gross examination of the fetal membranes (a) Thickening of a portion of the cervical star; (b) hippomane; (c)
chorionic surface of fetal membranes; (d) allantoic surface.

The foal was subjected to a complete post-mortem examination. In the abdominal
cavity, a marked generalized congestion and the presence of 500 mL of serosanguineous
fluid were observed. An ovoid, firm, approximately 16 x 12 cm large opening, with no
signs of hemorrhage, was located in the right dorsolateral part of the diaphragm (Figure
4a-d). Through this foramen, the viscera from the abdominal cavity, including the small
intestine, the cecum, ascending colon, stomach, spleen and a part of the liver (the left and
the quadrate lobe) were displaced in the thorax (Figure 4d). No hernial sac was identified,
and no broken ribs were observed. In the thorax, the left ascending colon with the pelvic
flexure and the jejunal tract were in direct contact with the dorso-caudal parts of the heart
and the large vessels (Figure 4d). The right lung was hypoplastic, and appeared to be
around a third of its size, whereas the left lung was moderately compressed by the
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herniated organs. The displaced liver was enlarged and slightly increased in consistency.
No morphological changes were observed in other organs. This condition was diagnosed
as a congenital diaphragmatic hernia (CDH) with pleuroperitoneal diaphragmatic
eventration.

Figure 4. Foal’s congenital pleuroperitoneal diaphragmatic hernia: (a) cranial view of the thoracic cavity after removal of
the left thoracic wall; the thoracically translocated parts of the liver (1), the diaphragm and the area of the dorsal
diaphragmatic defect (dotted accolade) and hypoplastic left lung (2); (b,c) caudal view of the large diaphragmatic defect
with round and bold margins (indicated by surgical scissors) which allowed partial migration of the liver (white *) and
bowel (black *) from the abdomen into the thorax; (d) lateral view of the coelomic cavity after removal of the thoracic wall;
the thoracically translocated parts of the liver (1); the ventral (2) and the dorsal (3) loop of the left ascending colon; the
diaphragm and the area of the dorsal diaphragmatic defect (white arrow); the lung (4) the stomach (5) and the spleen (6).

For histology, the samples were fixed in 10% neutral buffered formalin, embedded
in paraffin following the routine processing protocol and stained using hematoxylin and
eosin (H&E). Histopathology revealed a moderate chronic, passive liver congestion, and
in the lung a diffuse congestion with mildly thickened interstitium.

During the following days, the mare’s clinical examination was normal. The ventral
abdominal edema had greatly reduced, and a week later, the mare was discharged from
the hospital.

3. Discussion

In humane medicine, the term “polyhydramnios” is used to describe an increase in
the amount of amniotic fluid (>2 L), which is commonly associated with fetal
malformations. Central nervous system malformations are the most common cause of
hydramnios (up to 45%). Gastrointestinal tract anomalies are the second most common
cause, and occur in about 30% of cases. Abnormalities of the cardiovascular system, renal
malformations, and other sporadic cases are associated with hydramnios in the remaining
25% of cases [20]. In women, in a study of 76 cases of persistent non-visualization of the
stomach by ultrasound exam, in 38 cases (50%) there was an abnormality of fluid volume:
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24 were polyhydramnios and 14 oligohydramnios; of these, two cases were congenital
diaphragmatic hernia [21]. In the present study, the fetal stomach had never been
visualized during ultrasound checks. Even though thoracic and abdominal fetal organs
could be identified during transabdominal US evaluation from 6 months throughout the
term [14,22], in this case it was not possible, probably due to the ventral edema of the mare
and the amount of the amniotic fluid that did not allow visualization of the entire fetal
thoracic and abdominal cavity. The most constant aspect was the reduced fetal viability,
as indicated by the absence of fetal tone and complex movements with persistent
bradycardia detected during every US evaluation. The owner was warned that the US
findings were suggestive of a poor fetal outcome, probably due to a supposed congenital
defect which was probably the cause of hydramnios.

It is well known that hydrops predisposes to the rupture of the prepubic tendon [9],
and in the present case report, the bloody mammary secretion, clinical signs of the mare,
and the increase in serum CK activity could strongly support a partial rupture or tearing.
The use of an abdominal support bandage was likely enough to prevent total rupture of
the prepubic tendon.

Many authors suggest the induction of parturition to deliver the fetus and expel the
fetal fluids, because the mare’s survival in these cases is a priority [9,23].

The swelling of the foal, particularly of the head, could be due to an increase in fetal
volume from an excessive fluid in subcutaneous tissues. In human cases, the diagnosis of
hydrops fetalis is made prenatally and could be due to immune or non-immune
mechanisms; the latter include infections, chromosomal abnormalities, and congenital
anomalies including pulmonary hypoplasia [24], as occurred in the present case.

Congenital diaphragmatic hernia (CDH) is a rare musculoskeletal defect defined by
the presence of an orifice in the tendinous or muscular part of the diaphragm, which
causes migration of abdominal viscera into the thorax [25]. Most horses with CDH have a
pleuroperitoneal hernia with direct communication between the abdominal and thoracic
cavities [26]. Diaphragmatic hernia can be, as well as developmental (CDH), secondary to
rib fractures during dystocia (acquired DH) [25,26]. It can be difficult to differentiate CDH
and ADH in horses. In general, left dorsal defects are developmental, whereas ventral
lesions are parturition-related. Other criteria used include age, gross and histologic
appearance of the opening borders, relation of the size of the opening to the volume of
displaced abdominal content, absence of diaphragmatic tissue, and coexistence of other
developmental anomalies [26].

In the foal in this case, signs of fractured ribs or acute inflammation of the opening
were not present; furthermore, the defect of the diaphragm was too small to accommodate
the volume of herniated intestine. These findings, associated with the dorsolateral
anatomical localization, pointed to a diagnosis of CDH.

Lung hypoplasia associated with congenital diaphragmatic hernias, as seen in our
case, is frequently reported in both human and foal cases [25,27,28] of CDH. Although this
frequent association suggests that the cause of CDH can be found in primary pulmonary
defects, Keijzer et al. [27] formulated a “dual-hit hypothesis” that explains pulmonary
hypoplasia by two consecutives developmental insults: initially, a common insult of
diaphragmatic primordia which perturbs the organogenesis of both structures, and
consequently, a compression caused by the passing of the viscera through the
diaphragmatic defect [27]. Therefore, CDH appears to be a primary developmental defect
[28].

The generalized congestion that the foal exhibited may be the consequence of
persistent pulmonary hypertension caused by congenital pulmonary alterations, which
resulted in underdevelopment of the pulmonary vascular system and increased
pulmonary vascular resistance.
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4. Conclusions

Although in this case the mare recovered uneventfully, the diagnosis of hydrops
could suggest the presence of fetal anomalies and the need for a very careful
transabdominal ultrasound examination. In more severe cases, a complete ultrasound
examination could help in choosing whether or not to induce parturition to preserve
mare’s life and reproductive career.

Author Contributions: Conceptualization, A.L., M.I, M.M.,, E.F., C.C. and ].M.; methodology, A.L.,
M.I, MM, E.F, C.C. and ].M,; validation, A.L., M.I, MM, E.F,, C.C. and ].M.; formal analysis, A.L.,
J.M. and M.M.; investigation, A.L., M.I, M.M.,, F.F., C.C. and ].M.; resources, M.M. and ].M.; data
curation, A.L, M.I, M.M,, F.F,, C.C. and ].M.; writing—original draft preparation, A.L., M.I, M.M.
and ].M.; writing —review and editing, A.L., M.I, M.M., F.F., C.C. and ].M.; visualization, A.L.,, M.,
MM, EF, C.C. and ].M,; supervision, ].M.; project administration, ].M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study,
due to the presence of the owner consent.

Informed Consent Statement: Informed consent was obtained from the mare involved in the
present case report.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank the referring vet, Nicolo Azzarone, and all the
vets and students working at the Perinatology and Reproduction Unit.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Honnas, C.M.; Spensley, M.S,; Laverty, S.; Blanchard, P.C. Hydramnios causing uterine rupture in a mare. . Am. Vet. Med. Assoc.
1988, 193, 334-336.

2. Sertich, P.L.; Reef, V.B.; Oristaglio-Turner, R.M.; Habecker, P.L.; Maxson, A.D. Hydrops amnii in a mare. ]. Am. Vet. Med. Assoc.
1994, 204, 1481-1482.

3. Bucca, S.;; Romano, G. Un caso di idramnios in una fattrice in gestazione avanzata. Ippologia 2000, 11, 35-38.

4.  Christensen, B.W.; Troedsson, M.H.T.; Murchie, T.A.; Pozor, M.A.; MacPherson, M.L.; Estrada, A.H.; Carrillo, N.A.; Mackay,
R.J.; Roberts, G.D.; Langlois, ]. Management of hydrops amnion in a mare resulting in birth of a live foal. J. Am. Vet. Med. Assoc.
2006, 228, 1228-1233, d0i:10.2460/javma.228.8.1228.

5. Arthur, G.H. The fetal fluids of domestic animals. J. Reprod. Fertil. Suppl. 1969, 9, 45-52.

6.  Vandeplassche, M.; Bouters, R.; Spincemaille, J.; Bonte, P. Dropsy of the fetal sacs in mares: Induced and spontaneous abortion.
Vet. Rec. 1976, 99, 67—69, d0i:10.1136/vr.99.4.67.

7.  Roberts, S.J. Veterinary Obstetrics and Genital Diseases (Theriogenology), 3rd ed.; Woodstock, Vermont, David & Charles: 1986.

8.  Wintour, E.; Barnes, A.; Brown, E.; Hardy, K.; Horacek, I.; McDougall, J.; Scoggins, B. The role of deglutition in the production
of hydramnios. Theriogenology 1977, 8, 160, doi:10.1016/0093-691x(77)90122-4.

9.  Jalim, S.L. Prepubic tendon rupture in the mare. Equine Vet. Educ. 2020, 32, 3945, doi:10.1111/eve.12922.

10. Ross, J.; Palmer, J.E.; Wilkins, P.A. Body wall tears during late pregnancy in mares: 13 cases (1995-2006). J. Am. Vet. Med. Assoc.
2008, 232, 257-261, doi:10.2460/javma.232.2.257.

11. Diel de Amorim, M.; Montanholi, Y.; Morrison, M.; Rodriguez, M.L.; Card, C. Comparison of Foaling Prediction Technologies
in Periparturient Standardbred Mares. |. Equine Vet. Sci. 2019, 77, 86-92.

12. Renaudin, C.D.; Troedsson, M.H.T; Gillis, C.L. Transrectal ultrasonographic evaluation of the normal equine placenta. Equine
Vet. Educ. 1999, 11, 75-76, doi:10.1111/j.2042-3292.1999.tb00925..x.

13. Reef, V.B.; Vaala, W.E.; Worth, L.T.; Spencer, P.A.; Hammett, B. Ultrasonographic Evaluation of the Fetus and Intrauterine
Environment in Healthy Mares during Late Gestation. Vet. Radiol. Ultrasound 1995, 36, 533-541, doi:10.1111/j.1740-
8261.1995.tb00308.x.

14. Bucca, S.; Fogarty, U.; Collins, A.; Small, V. Assessment of feto-placental well-being in the mare from mid-gestation to term:
Transrectal and transabdominal ultrasonographic features. Theriogenology 2005, 64, 542-557,
doi:10.1016/j.theriogenology.2005.05.011.

15. Fogle, C.; Davis, J.; Yechuri, B.; Cordle, K.; Marshall, J.; Blikslager, A. Ex vivo COX-1 and COX-2 inhibition in equine blood by

phenylbutazone, flunixin meglumine, meloxicam and firocoxib: Informing clinical NSAID selection. Equine Vet. Educ. 2021, 33,
198-207, doi:10.1111/eve.13280.



Vet. Sci. 2021, 8, 201 9 of 9

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

Reef, V.B.; Vaala, W.E.; Worth, L.T.; Sertich, P.L.; Spencer, P.A. Ultrasonographic assessment of fetal well-being during late
gestation: Development of an equine biophysical profile. Equine Vet. ]. 1996, 28, 200-208, doi:10.1111/j.2042-3306.1996.tb03773 x.
Bauer, J.E.; Harvey, ].W.; Asquith, R.L.; McNulty, P.K.; Kivipelto, J. Clinical chemistry reference values of foals during the first
year of life. Equine Vet. |. 1984, 16, 361-363, d0i:10.1111/j.2042-3306.1984.tb01944 x.

Schlafer, D.H. Postmortem examination of the equine placenta, fetus and neonate, methods and interpretation of findings. Proc.
Am. Ass. Equine Pract. 2004, 50, 144-161.

Pozor, M. Equine placenta—A clinician’s perspective. Part 2: Abnormalities. Equine Vet. Educ. 2016, 28, 396-404.

Ben-Chetrit, A.; Hochner-Celnikier, D.; Ron, M.; Yagel, S. Hydramnios in the third trimester of pregnancy:A change in the
distribution of accompanying fetal anomalies as a result of early ultrasonographic prenatal diagnosis. Am. ]. Obstet. Gynecol.
1990, 162, 1344-1345, doi:10.1016/0002-9378(90)90058-f.

McKelvey, A.; Stanwell, J.; Smeulders, N.; Nasr, R.; Curry, J.; Pandya, P. Persistent non-visualisation of the fetal stomach:
Diagnostic and prognostic implications. Arch. Dis. Child — Fetal Neonatal 2010, 95, F439-F442, doi:10.1136/adc.2009.179341.
Agnew, MLE; Slack, J.; Stefanovski, D.; Linton, J.K.; Sertich, P.L. Sonographic appearance of the late gestation equine fetal
intestine. Theriogenology 2019, 138, 121-126, doi:10.1016/j.theriogenology.2019.07.006.

Frazer, G. Hydrops, ruptures and torsions. Proc. Soc. Therio 2000, 33-38.

Windsor, P. Abnormalities of Development and Pregnancy in Veterinary Reproduction and Obstetrics; Noakes, D.E., Parkinson, T.J.,
England, G.C,, Eds.; Elsevier: Amsterdam, The Netherlands, 2019; pp. 168-194.

Tébaran, A.F.; Nagy, A.L.; Cétoi, C.; Morar, I.; Tébaran, A.; Mihai, M.; Bolfa, P. Congenital diaphragmatic hernia with concurrent
aplasia of the pericardium in a foal. BMC Vet. Res. 2015, 11, 309.

Kelmer, G.; Kramer, J.; Wilson, D.A. Diaphragmatic Hernia: Etiology, Clinical Presentation, and Diagnosis. Compend. Equine
2008, 3, 28-35.

Keijzer, R.; Liu, J.; Deimling, J.; Tibboel, D.; Post, M. Dual-Hit Hypothesis Explains Pulmonary Hypoplasia in the Nitrofen
Model of Congenital Diaphragmatic Hernia. Am. J. Pathol. 2000, 156, 1299-1306, doi:10.1016/s0002-9440(10)65000-6.

Babiuk, R.P.; Greer, ].J. Diaphragm defects occur in a CDH hernia model independently of myogenesis and lung formation. Am.
J. Physiol. Cell. Mol. Physiol. 2002, 283, L1310-L1314, doi:10.1152/ajplung.00257.2002.



	1. Introduction
	2. Clinical Description
	3. Discussion
	4. Conclusions
	References

