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			Abstract | Dystocia, an obstetrical emergency handled by veterinarians, is one of the important issues of dairy industry which lays a considerable impact on farmers economically. From a clinical frame of reference, the etiology of dystocia is either of maternal or fetal origin although the exact etiology is multifaceted. Uterine torsion is considered as one of major contributors among the maternal causes. This condition exerts considerable stress on the animal and if not treated promptly, it can lead to deterioration of liver and kidney functions resulting in toxaemia followed by dam as well as fetal mortality. So, the most important aspect in successful management of uterine torsion lies in the correct and efficient diagnosis which can mainly be achieved by anamnesis, vaginal and rectal examination. However, prognosis of uterine torsion is mainly dependent on the degree and duration of condition and can be categorised into 3 successive stages i.e. stage of positive prognosis, stage of less positive prognosis and stage of negative prognosis. Body condition assessment of the dam is of paramount importance as it can provide a snapshot about the possible prognosis of the animal diagnosed with uterine torsion.
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			Introduction

			 

			Livestock is a major player in the Indian rural economy as the biggest chunk of livestock farming is shared by bovines i.e. cattle and buffaloes. The key to a successful dairy farming venture lies in the efficacy of reproduction which includes the culmination of pregnancy via normal calving process. Calving is an extremely critical phase and any difficulty in smooth ensuing of calving, known as dystocia, puts massive stress on the animal physiologically as well as on the farmer monetarily (Funnell and Hilton, 2016). Dystocia, however is a multifaceted problem and is generally classified into being of maternal or fetal origin (Abera, 2017). Amongst the maternal causes of dystocia in bovines, uterine torsion is the most commonly encountered cause of maternal dystocia (Sharma et al., 2018). Uterine torsion in its literal terms means twisting of the gravid uterus on its longitudinal axis (Purohit et al., 2011). The condition being of grave emergency demands immediate attention as delay in managing the case might lead to further complications like delayed uterine involution, dwindled future reproductive performance and rapid mortality of the animal (Amin et al., 2011; Uttam et al., 2015). Primary risk factors for the occurrence of uterine torsion are excessive fetal movement during first stage of calving as the fetus adopts the birth posture and increased uterine instability at term (Noakes, 2009). Uterine torsion is considered to be the single largest condition contributing to dystocia in bovines with incidence as high as 56-80 per cent (Srinivas et al., 2007). The key to successful management of uterine torsion cases lies in efficient diagnosis and with the advancement of research various prognostic parameters have also been envisaged which serve as an aid in successful management of the condition (Ghuman, 2010).

			 

			Diagnosis of uterine torsion

			The most important aspect in successful management of uterine torsion lies in the correct and efficient diagnosis of uterine torsion (Purohit et al., 2011). The standardised methods for diagnosis have always relied upon set of 3 procedures to diagnose the condition viz., Anamnesis, vaginal and rectal examination while a few newer novel diagnostic aids have also been devised to aid the already existing methods of diagnosis i.e. finger side test, forearm entrance test and cranial displacement of middle uterine artery from its normal anatomical position (Thangamani et al., 2018b).

			 

			Anamnesis

			Anamnesis plays a key role in diagnosis of uterine torsion and failure in progression of calving (Ghuman, 2010) accompanied by other signs such as colic symptoms, frequent lying down and getting up of the animal as a result of pain (Ali et al., 2011). Certain external signs evident during uterine torsion are vulvar commissure displacement, sinking of lumbosacral spine along with elevated tail head (Lyons et al., 2013). Failure to correct the condition in initial stages usually leads to resorption of fully developed udder along with stretching of pelvic ligaments along with tachypnoea and tachycardia (Deosi and Dhaliwal, 2015).

			 

			Vaginal and rectal examination

			Vaginal examination is primarily of use in diagnosis of post-cervical uterine torsion by palpating the stenosed anterior vagina (Jeengar, 2013) though rectal examination is considered as a gold standard in diagnosis of pre-cervical uterine torsion as broad ligament can be felt as a tight band running towards opposite direction to that of uterine torsion (Bai et al., 2016). Ascertaining the degree of uterine torsion is also a very critical step as uterine torsion of increased degree has been found to be correlated with negative prognosis and thus, the treatment regimen to be adopted is also based on taking into consideration the degree of condition (Srinivasarao, 2016). The degree of uterine torsion is mainly assessed by the status of cervix accessibility as the degree of uterine torsion exceeds, the cervical accessibility also diminishes accordingly (Purohit and Gaur, 2014). Uterine torsion has been classically categorised into mild, moderate and severe degree (Naidu et al., 2014) and most commonly encountered uterine torsion falls into moderate degree (Srinivas et al., 2007).

			 

			Newer diagnostic aids

			Though the conventional methods still continue to be the gold standard in diagnosing uterine torsion and differentiating the condition from other medico-surgical conditions like tympany, intussusception, vagal indigestion and colic (Purohit et al., 2013) but still over the years a few novel methods have also been devised to aid the conventional techniques. These novel methods include tests such as forearm entrance test, finger side test and cranial displacement of middle uterine artery from its normal anatomical location (Thangamani et al., 2018b). Forearm entrance test implies that only one fourth of forearm passes in the vagina during uterine torsion as compared to three fourth in advanced gestational bovine while the finger test implies the principle that the fingers go to the left side through the vaginal folds and dorsal face of the fore arm faced on right side indicating right side torsion and vice versa for left side uterine torsion (Thangamani et al., 2018b).

			 

			Prognostic indicators of uterine torsion

			The main determinants of prognosis of uterine torsion are the degree and duration of condition, as the cut off duration for better prognosis has been established as 36 hours (Jeengar et al., 2015). The stage of prognosis in uterine torsion cases has been categorised into 3 successive stages i.e. stage of positive prognosis, stage of less positive prognosis and stage of negative prognosis (Ghuman, 2010). Assessing the body condition of the dam is always of paramount importance as it can provide a snapshot about the possible prognosis of the case presented and hence, these points must always be given due consideration while deciding the treatment protocol (Joshi et al., 2018).

			 

			Parturition is a stressful event in the life of an animal as evinced by changes in certain haematological and biochemical parameters (Joshi et al., 2018). Uterine torsion being an even more stressful condition exerts even more stress on the body of bovine and there is massive alteration in the haematological and biochemical values as they continue to vary from case to case depending upon degree and duration of the condition (Tripathi and Mehta, 2016). Certain new techniques like Doppler sonography of middle uterine artery in addition to haemato-biochemical estimations have been very useful in acting as prognostic indicators of uterine torsion affected animals (Thangamani et al., 2018a).

			 

			Haematological alterations

			Uterine torsion affected bovines reveal profound changes in their haematological picture which is characterised by normocytic normochromic anaemia and neutropaenia along with leucopaenia due to endotoxaemic condition (Amer et al., 2008). The reason attributed to normocytic normochromic anaemia was accumulation of large amount of metabolic waste or massive haemorrhages which usually occur following uterine torsion (Amer and Hashem, 2008). The duration of condition also lays a considerable impact on the haematological parameters as prolonged duration of the condition leads to corresponding decrease in haemoglobin and mean cell haemoglobin concentration coupled with an increase in total leucocyte count, neutrophilia and lymphopaenia (Dhindsa et al., 2005). The reason for these changes has been found to be related with the activation of adrenal gland as a consequence of stress thereby causing increased mobilisation of neutrophils in blood stream. The increase in neutrophils as sequelae of uterine torsion has been imputed to occur due to increase in cortisol levels which further decreases neutrophil superoxide production and subsequently, phagocytosis of neutrophils (Brown et al., 2008). In normal advanced gestation bovines owing to increased maternal erythropoietin production, there is increase in total erythrocyte count (TEC) along with haemoglobin concentration (Chandra et al., 2012; Mohamed et al., 2015) but in uterine torsion affected bovines owing to the massive haemorrhages, there is reduction in the TEC and haemoglobin. In animals which fail to yield a satisfactory response to maneuver, it was reported that Red blood cells fail to get stabilised after detorsion and continue to remain fragile and liable to breakdown (Thangamani et al., 2018a).

			 

			Biochemical and hormonal alterations

			Being an extremely stressful condition, uterine torsion leads torsion leads to changes in biochemical as well as endocrinological parameters (Ghuman, 2010). In addition to haemato-biochemical changes, uterine torsion induces massive oxidative stress at tissue level due to increased production of free radicals as discernible by the high levels of malondialdehyde, superoxide dismutase and glutathione. These levels provide a very accurate estimate of cellular and tissue damage, thereby aiding in instituting a better treatment protocol for a favourable prognosis (Bansal et al., 2011). 

			 

			Uterine torsion also puts effect over hepatic and renal system as reflected by the changes in the levels of liver specific enzymes, glucose and renal function tests (Amer et al., 2008). Therefore, the extent of damage and hence the prognosis of each case could be readily analysed by liver and kidney function tests (Tripathi and Mehta, 2016). Uterine torsion leads to catecholamine release via activation of stress axis characterised by an increase in cortisol and superoxide dismutase levels (Khan, 2012). This leads to hypoperfusion of the kidneys thereby leading to failure of the kidneys to excrete out creatinine and subsequently results in creatinine buildup along with other toxic products (Yadav et al., 2015). Similarly, an increase in level of total bilirubin and blood urea nitrogen along with decreased total protein level is also a prognostic indicator of uterine torsion (Srinivasarao, 2016).

			 

			As far as endocrinological profile of uterine torsion affected bovines is concerned, a reverse endocrinological picture to that of normally calving bovineshas been observed (Ghuman, 2010). Coupled with the alterations in the haemato-biochemical parameters, the malady also showcases its effect on the mineral status of the animal (Singh et al., 2009). Amongst the trace minerals, zinc is the most crucial mineral involved in parturition and its altered concentration makes the animal prone to calving problems (Khan, 2012). Hyperglycemia is a consistent feature of fresh uterine torsion cases as activation of stress axis leads to increased gluconeogenesis (Ghuman, 2010) while with the increase in the chronicity of the condition; there is gradual hypoglycaemia (Srinivasarao, 2016). Increase in the blood lactate levels can act as a prognostic indicator of tissue, thereby helping in arriving at prognosis of the case (Murakami et al., 2017). 

			 

			Blood histamine levels are very useful prognostic markers as they give an overall picture regarding the extent of tissue damage as there is a subsequent release of histamine (Mehra et al., 2018). Besides these, certain other markers such as plasma haptoglobin which is an acute phase protein released as a result of inflammatory process (Ghuman et al., 2009) and creatine kinase which is indicative of the muscle damage can also be used as prognostic indicators (Amin et al., 2011). Amongst the electrolytes, lowered magnesium concentration has been found to be correlated with poor prognosis of the case as magnesium is a cofactor of many enzymes involved in the tissue repair (Rukgauer, 2005).

			 

			Doppler sonography of middle uterine artery

			Trans-rectal Doppler sonography being a comparatively less invasive method of assessing the haemodynamic status has generated a keen interest among researchers (Bollwein et al., 2016). Various semi-quantitative indices such as resistance index, pulsatility index, time average maximum velocity, time average mean velocity and blood flow volume have been established to quantitatively establish the perfusion status of various organs and they are relative quantities which measure the resistance encountered by blood flow (Bollwein et al., 2002). Since these indices depict the resistance to the blood flow, hence they can be used as a prognostic indicator in case of uterine torsion (Ratta et al., 2016). Resistance index (RI) also known as Pourcelot’s ratio is an indicator of tissue perfusion during the diastole (Ratta et al., 2016) while pulsatility index (PI) measures the resistance offered to the blood flow due to vascular bed constriction with the point of measurement being distal in position (Elmetwally, 2012).

			 

			Doppler sonography can also be used to differentiate fetal viability status by assessing the fetal heart rate at various stages of the pregnancy (Jonker et al., 2014). Doppler sonography of the middle uterine artery can be used in determining the degree, duration as well as prognosis of uterine torsion cases both in dam as well as fetus. Doppler indices such as RI and PI showed an increase in uterine torsion affected bovines indicative of massive hindrance to the blood flow while there is a corresponding fall in blood flow volume and time average maximum and mean velocities along with the presence of prediastolic notch, thereby indicative of end diastolic flow being negligible in uterine torsion cases (Hussein, 2013). This notch evidently becomes indiscernible at 6 months during normal gestation (Varughese et al., 2013), thereby indicating completion of anatomical and vascular bed completion (Laven and Peter, 2001). 

			 

			Besides the constriction of blood vessel during uterine torsion, another endocrinological explanation has also been put forth which states that there is lowered estrogen thereby leading to reduction in the vascular perfusion status of the artery (Rawy et al., 2018). With an increase in the duration and degree of uterine torsion, there is also proportionate reduction in the blood flow to the uterus and can be evidently seen by spectral waveforms of middle uterine artery with evident cardiac abnormalities in torsion affected bovines (Schonfelder et al., 2005). Reduction in blood flow gets more pronounced as degree and duration of the condition increases and hence, can act as a prognostic marker (Ratta et al., 2016). In addition to trans-rectal sonography, trans-abdominal ultrasonography can also act as a very useful prognostic tool in predicting the fate of clinical cases by assessing the changes in echotexture of the uterus as a consequence of inflammatory and necrotic changes in uterine tissue which occur following occurrence of uterine torsion (Devender et al., 2016). Besides aiding in prognosis of uterine torsion cases, Doppler sonography of middle uterine artery and fetal umbilicus can also be very useful in determining the pattern of blood flow throughout the gestation in bovines (Singh et al., 2018).

			 

			Conclusions and Recommendations

			 

			Uterine torsion has always generated a keen interest among animal reproduction researchers owing to the mysteries surrounding the occurrence of the condition. Besides the conventional prognostic techniques like haemato-biochemical techniques, certain novel techniques like Doppler sonography have opened new avenues to be explored. In coming times, the studies focused on the genetic aspect of the condition need to be explored to explain and find out that whether the occurrence of the condition is related to some genetic level malady or not as this area has been left totally unexplored as of now.
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Introduction
T ivestock is a major player in the Indian rural
A_seconomy as the biggest chunk oflivestock farming
is shared by bovines i.. cattle and buffaloes. The key to
a successful dairy farming venture lies in the efficacy
of reproduction which includes the culmination of
pregnancy via normal calving process. Calving is an
extremely critical phase and any difficulty in smooth
ensuing of calving, known as dystocia, puts massive
stress on the animal physiologically as well as on
the farmer monetarily (Funnell and Hilton, 2016).
Dystocia, however is a multifaceted problem and is
generally classified into being of maternal or fetal

origin (Abera, 2017). Amongst the maternal causes
of dystocia in bovines, uterine torsion is the most
commonly encountered cause of maternal dystocia
(Sharma et al., 2018). Uterine torsion in its literal
terms means twisting of the gravid uterus on its
longitudinal axis (Purohit et al., 2011). The condition
being of grave emergency demands immediate
attention as delay in managing the case might lead to
further complications like delayed uterine involution,
dwindled future reproductive performance and rapid
mortality of the animal (Amin et al., 2011; Uttam et
al., 2015). Primary risk factors for the occurrence of
uterine torsion are excessive fetal movement during
firststage of calving as the fetus adopts the birth posture
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