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Abstract
Transperineal ultrasound is an inexpensive, safe and painless technique that dynamically and non-invasively evaluated the ano-rectal area. It has multiple indications, mainly in urology, gynaecology, surgery and gastroenterology, with an increased use in the last decade. It is performed with conventional probes, positioned directly above the anus, and may capture images of the anal canal, rectum, puborectalis muscle (posterior compartment), vagina, uterus, prostate (central compartment), urethra and urinary bladder (anterior compartment). Evacuatory disorders and pelvic floor dysfunction, like rectoceles, enteroceles, rectoanal intussusception, pelvic floor dyssynergy can be diagnosed using this technique. It evaluates a dynamic evaluation of the interaction between pelvic viscera and pelvic floor musculature, with images obtained at rest, straining and sustained squeezing. This technique is an accurate exam for detecting, classifying and following of perianal inflammatory disease. It can also be used to sonographically guide drainage of deep pelvic abscesses, mainly in patients who cannot undergo conventional drainage. Transperineal ultrasound correctly evaluates sphincters in patients with fecal incontinence, namely postpartum and also following surgical repair of obstetric tears. There are also some studies referring to its role in anal stenosis, for the measurement of the anal cushions in haemorrhoids and in chronic anal pain.
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Core tip: Transperineal ultrasound is a technique that has multiple applications namely in the urology, gynaecology and gastroenterology. Obstructed defecation, inflammatory perianal diseases and fecal incontinence are the principal indications in gastroenterology, but this technique remains almost unknown to most gastroenterologists. It allows for dynamic evaluation of the structures interaction during defecation stimulation manoeuvres; the identification, classification, and follow-up in inflammatory perianal disease and it can also identify sphincter injury in fecal incontinence. In this review the technique is described and the current evidence that supports its use in several areas is also discussed.
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INTRODUCTION
Pelvic floor ultrasonography includes several different techniques, namely transvaginal sonography (TVS), endoanal ultrasound (EAUS) and transperineal ultrasound (TPUS)[1], using 2-dimensional (2D) or 3-dimensional (3D) imaging. All of these techniques are important for the evaluation of the functional anatomy of the pelvic floor[2].
TPUS was initially proposed for the examination of the ano-rectal region since 1983 in neonates with imperforate anus[3] and later, other studies have also described the importance of this exam for the assessment of this area [4]. 
This is a simple, accessible, inexpensive, safe and painless technique that dynamically and non-invasively evaluates ano-rectal structures. It has multiple indications mainly in the urology, gynaecology, surgery and gastroenterology, with an increased use in the last decade[5]. It is normally performed with conventional probes, positioned directly above the anus, capturing images of the anal canal, rectum, puborectalis muscle, vagina, uterus, prostate, urethra and urinary bladder. 

Examination technique
Patient evaluation does not require specific preparation and is performed using a conventional probe, usually a curved array with frequencies between 3.5-6 MHz. The probe is covered with gel and with a non-powdered glove for hygienic purposes. Powdered gloves should not be used due to possible reverberations of the image quality[6,7].
The technique can be performed in the left lateral position or in the dorsal lithotomy position. Prior voiding is usually preferable[6,7], but for the anterior compartment, bladder filling is useful. The probe is positioned above the anus, in the midsagital plane and the exam is initiated with the curved array probe for a more generic evaluation (Figure 1A). For better orientation, some operators prefer to identify the structures and subsequently assess the sphincter complex with a high-resolution linear probe (7-10 MHz) (Figure 1B and C). Three-dimensional transabdominal probes developed for obstetric imaging, 3D- and four-dimensional (4D) TPUS may be used.
In patients with perianal fistulas, the probe is placed in the external orifice to follow the fistula to the internal orifice. Cannulation and instillation with hydrogen peroxide will improve the assessment.

Compartment evaluation
There are different possibilities on image orientation, and in the literature several options were described. The most used is the original orientation with cranioventral aspects to the left and dorsocaudal to the right[6,7]. 
The standard midsagittal view in women includes the symphysis anteriorly, the urethra and bladder neck (anterior compartment), the vagina, cervix (central compartment), rectum and anal canal (posterior compartment). The puborectalis muscle is a hyperechogenic area, posterior to the anorectal junction. It is possible to measure the anorectal angle (ARA) and to evaluate the integrity of the perineal body and of the rectovaginal septum.
In TPUS, it is important to assess all three compartments (Figure 1A).

Anterior compartment: There are two important structures in this compartment, the urethra and the bladder. 
The urethra is a vertical hypoechoic area, with the urethral rhabdosphincter surrounding it appearing as a double hyperechoic stripe. In continuity with the urethra is the bladder that is also a hypoechoic structure. 
This technique is important in the anatomical, physiological and pathological evaluation of the urethra and the bladder, namely for the diagnosis of cystocele, the assessment of bladder neck mobility, bladder wall thickness and residual urine. It can also be important in the diagnosis of urethral diverticulum, bladder foreign bodies and bladder tumours[6]. 
Concerning cystocele, TPUS can be very helpful diagnosing and classifying the type of cystocele, that have different functional implications[6]. 

Central compartment: This compartment includes the vagina and the uterus in women (prostate in men). Due to its isoechoic nature, the uterus can be difficult to identify especially in postmenopausal women with atrophic uterus[6].
TPUS can demonstrate uterovaginal prolapse[6,7], explaining symptoms of voiding dysfunction in an enlarged retroverted uterus or symptoms of obstructed defecation in an anteverted uterus, that is compressing the anorectum[6]. 

Posterior compartment: TPUS is important for ano-rectal evaluation, namely in three areas: obstructed defecation, perianal inflammatory disease and fecal incontinence.

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Major applications in gastroenterology 
Obstructed defecation: Chronic constipation is a common problem that affects 2%-30% of people in the Western World and 30%-50% suffer from obstructed defecation syndrome (ODS)[8,9]. Obstructed defecation can be functional or mechanical. Functional disturbances include dyssynergia and inadequate defecatory propulsion[10,11]. The mechanical type includes rectocele, enterocele and intussusception[12].
[bookmark: _GoBack]TPUS can be used in the diagnosis of these evacuatory disorders and pelvic floor dysfunction.
The need for preparation before the exam is a matter of debate, some studies do not include any preparation[13-16], but, in others, the patient’s rectum is filled with ultrasonographic coupling gel and gel is also instilled into the vagina. The ingestion of Gastrografin® diluted in water can also improve small bowel visualization[17-19]. 
The images are obtained at rest, straining and sustained squeezing. A rectocele is a herniation of the anterior rectal wall into the vagina (Figure 2). On ultrasound, rectocele depth is measured perpendicular to a line projected along the expected contour of the anterior rectal wall[14,15]. Diagnosis is made if herniation is at least 10 mm in depth[20,21]. 
An enterocele is defined as a hernia, normally of the small bowel (enterocele) or sigmoid colon (sigmoidocele), into the Douglas pouch, vagina or between the rectum and the vagina. It is normally associated with other pelvic floor disorders. These patients tend to have a longer history of constipation and a prior hysterectomy[19]. 
For ultrasound, there is no standardized method for describing rectoceles and enteroceles. Some studies[13,22] classify rectocele as it has been previously defined in defecography: small (first degree) if < 2 cm in depth, moderate (second degree) if 2–4 cm in depth, and large (third degree) if more than 4 cm in depth[23]. Enterocele can be graded as small (grade 1), when the most distal part descends into the upper third of the vagina, moderate (grade 2), when it descends into the middle third of the vagina, or large (grade 3), when it descends into the lower third of the vagina.
Rectal intussusception is defined as an invagination of the rectal wall into the rectum or anus (Figure 3). It is a common finding on defecography and is present in up to 50% of asymptomatic subjects[24,25]. When the invagination is ≥ 3 mm thick and a cause of obstructed defecation it can have clinical relevance[24].
The anorectal angle should be calculated at the point of convergence of the longitudinal axis of the anal canal with the posterior margin of the rectal wall. During evacuation there is a characteristic widening of the posterior ARA[17] and the puborectalis muscle is considered dyssynergic when the ARA does not to open during straining.
There are several studies comparing dynamic TPUS (D-TPUS) with defecography in evacuatory dysfunction, with conflicting results.
Concerning enterocele, most studies showed good agreement between methods[15,18,19,22], with TPUS revealing a high predictive value for diagnosis. Weemhoff et al[16] showed, however, that the diagnostic quality of TPUS was limited compared to evacuation proctography, with many false-positive results.
For rectocele and intussusception diagnosis, higher and lower agreements have been described. For retocele, Cohen’s kappa concordance index values vary between low 0.26[14] and high 0.88[19], and also for intusseption Cohen’s kappa values vary between low 0.09[14] and high 0.88-0.9[13,19]. These differences may be explained by the use of contrast, selection and position of the patient, type of probe used and the experience of the operators[22]. After injection of ultrasound contrast medium into the rectum, higher agreements for the detection of rectocele and intussusception were described[18,19]. In 2008, Perniola et al[14] showed that this agreement was poor for rectocele and intussusception, but when previously diagnosed on ultrasound these results were highly predictive of findings on defecation proctography, notwithstanding low negative predictive values. When ultrasound failed to detect rectocele or rectal intussusception, defecation proctography frequently showed abnormalities. Ultrasound may be important as an initial exam, although, negative findings may require confirmation. 
Most of the studies showed a good agreement between TPUS and defecography in the measurement of puborectalis contraction and the ARA[13,17,18,22]. However, Perniola et al[14] showed that there was poor agreement for ARA measurements. Another study revealed that the difference between the techniques almost achieved significance for ARA measurement during straining, with markedly greater widening of the ARA noted during defecography. This may be explained by the position adopted for examination using D-TPUS that is likely to lead to a higher resting ano-rectal junction position and less descent on straining. In addition, maintaining the probe contact with the perineum may limit the pelvic floor movement[18].
Defecography is relatively poorly tolerated and exposes the patient to radiation. TPUS is fast, inexpensive, non-invasive, much better tolerated and without radiation. However, as previously described, it has several limitations. Ultrasound is highly operator dependent and the evacuation phase is not fully reproducible with D-TPUS. 
Concerning dynamic magnetic resonance imaging (MRI), it has several advantages, such as the lack of radiation, a better visualization of the anal sphincter (with endoanal MRI) and soft tissues surrounding the rectum and anal canal; however it is expensive and not widely available[17]. 

Inflammatory perianal disease: TPUS is an accurate exam for diagnosing, classifying and managing perianal fistulas and abscesses. 
Perianal fistulas can be classified according to their nature or relationship with the sphincter. Concerning the nature, there are two major types of fistulas: cryptoglandular (90% of the cases) or related with inflammatory bowel diseases (IBD), mainly Crohn’s disease (10% of the cases). Regarding the relationship with the sphincter, Park’s classification, is one of the most used, classifying fistulas in 5 types: superficial, intersphincteric, transphincteric, extrasphincteric or suprasphincteric. This classification has several limitations, specifically it does not include important information about perianal disease. The American Gastroenterological Association[26] developed another classification based on anatomical and clinical parameters, classifying fistulas as “simple” or “complex”. Simple fistula are low, with a single external opening, without pain or fluctuation to suggest perianal abscess, and without evidence of a rectovaginal fistula or anorectal stricture. Complex fistula are high, have multiple external openings, are associated with the presence of pain or fluctuation to suggest a perianal abscess, and are associated with rectovaginal fistula, anorectal stricture or active rectal disease at endoscopy. Patients with complex fistulas have a higher risk of fecal incontinence after surgery, worse healing and higher risk of recurrence so the precise description of a fistula tract is mandatory.
In cases of inflammatory perianal disease, TPUS can overcame several limitations of EAUS, such as pain that does not allow for probe introduction, in cases of anal strictures and also the focal limitation of EAUS. TPUS can be a useful complementary technique to MRI given its advantages in detecting anovaginal and rectovaginal fistulae and some superficial lesions. It can also be used in patients with metallic clips or claustrophobia. Thus, TPUS combines the high resolution and real time capabilities of EAUS and the panoramic view generated by MRI[27].
Fistulas are hypoechoic linear areas or fluid-containing tubular areas and TPUS has a > 85% sensitivity in fistula classification and a positive predictive value of 86.5%[28]. Instillation with hydrogen peroxide can improve their visualization. Abscesses are larger oval hypoecogenic structures, most often associated with a fistulous tract (Figure 4). TPUS has a 90% to 95% sensitivity for the identification of the internal orifice[27,29-30], that is suggested by a hypoechoic image at the subepithelial or intersphincteric space with internal sphincter disruption. 
Studies published by Wedemeyer et al[27] and Maconi et al[28,31], showed that TPUS has a high sensitivity and specificity in detecting perianal disease comparable to that of MRI and EAUS. A study by Rasul et al in 2003[32], showed that TPUS can be used to follow perianal fistulas in Crohn’s disease patients, namely concerning therapeutic response. In this study, therapeutic response to infliximab, in patients with perianal Crohn’s disease was monitored by TPUS. This technique can be used as a simple tool to monitor therapeutic response, to guide biologic therapy suspension in cases of abscess and to evaluate complete healing. A recent paper by Hwang et al[33], revealed that TPUS can also be used in paediatric perianal Crohn’s disease evaluation. 
In ulcerative colitis TPUS can be used to assess the wall of the distal rectum and anorectal junction in the setting of an assessment of a perianal fistula and the function of the pouch-anal anastomosis in patients with ileal pouch-anal anastomosis in whom obstructed defecation and fecal incontinence have developed. Pouchitis may be revelead by subtle wall thickening in the pouch and a large volume of fluid feces within its lumen[34].
The two major limitations are related to poor penetration below 5-6 cm, not allowing for a good evaluation of the structures that are away from the probe (extrasphincteric and suprasphincteric tracts), and also in the evaluation of some superficial lesions, when gas is present in the lesions or anal folds. Moreover, it has limitations in differentiating active from inactive fistulas and active fistulas from collections. 
TPUS can also be used to sonographically guide drainage of deep pelvic abscesses, mainly in patients who cannot undergo conventional transabdominal, transvaginal, or transrectal catheter drainage[35,36]. This approach offers a short, safe and direct route to deep pelvic fluid collections and is associated with a high success rate[36]. Sperling et al[36] performed a study including 12 patients with deep pelvic abscesses that were submitted to TPUS guided drainage. Transperineal needle placement was successful in all patients and clinical success was achieved in 9 out of 10 patients with no complications. 
In a study evaluating the accuracy of combined transperineal and color doppler sonography in the detection and characterization of perianal inflammatory disease, Mallouhi et al[37] showed that although color doppler sonography did not improve the sensitivity and specificity for detecting perianal abscesses and fistulas, the presence of pathologic vascular structures in the peripheries of the abscesses and fistulas supported the findings shown on gray scale sonography and thus improved the operator’s diagnostic confidence and was highly predictive for the presence of a perineal inflammatory disease.

Fecal incontinence: In TPUS, in the coronal plane, anal mucosa has a hyperechogenic star shape, and the internal anal sphincter (IAS) is a hypoechogenic structure surrounded by the external anal sphincter (EAS) that is hyperechogenic (Figure 1C).
The most common cause of fecal incontinence is obstetric anal sphincter injury. Sphincter evaluation is normally performed with EAUS. Studies with EAUS showed that one third of women have occult anal sphincter injury after first vaginal delivery[38] and that endosonography reveals sphincter defects after primary repairs in 54% to 93% of women[39-42]. 
In 2014, Shek et al[43] published a retrospective observational study (141 women) to evaluate the prevalence of residual defects of EAS after primary repair of obstetric anal sphincter injury using 4D TPUS and to correlate sonographic findings of residual defects and levator avulsion with significant symptoms of anal incontinence. A residual defect was found in 40% of the cases and levator avulsion in 19%. Both were found to be independent risk factors for fecal incontinence. This study had several limitations, namely the IAS was not accessed, short follow-up period of two months and a lack of comparison with EAUS.
Obstetric tears are divided into several subclasses: injury to the perineal skin grade 1; injury to the perineum involving the perineal muscles grade 2; involvement of the anal sphincter < 50% EAS grade 3a; > 50% EAS grade 3b; involvement of the IAS grade 3c; involvement of the anal sphincter as well as the anorectal epithelium grade 4[44,45]. Early recognition, particularly during the immediate postpartum period, and surgical repair are fundamental to reduce later anal incontinence[46]. 
 Four ultrasonographic signs indicative of damage after repair were defined: EAS or IAS sphincter discontinuity, thickening of the EAS at the 12-o’clock position, thinning of the IAS in the area of rupture in conjunction with thickening opposite the rupture site (the “half-moon” sign), and abnormality of the mucous folds[47,48].
The PREDICT[49] study revealed that 2D TPUS had a sensitivity and specificity of 64% and 85%, respectively, for detecting sphincter defect when compared with EAUS. TPUS can be useful in identifying normality, but not sensitive enough to identify an underlying sphincter defect in women following obstetric anal sphincter injury and/or presenting postpartum with symptoms of fecal incontinence. In this study, TPUS revealed to be difficult in analysing the distal levels of the anal sphincter complex. Furthermore, it is sometimes difficult to visualize the posterior and lateral parts of the EAS. Y
This, however, is of relatively minor importance as the focus in this group of patients is on the anterior part of the anal sphincter. Other studies have confirmed the low sensitivity of 2D TPUS when compared with EAUS[50]. Nevertheless, a study by Roche et al[51] compared the two techniques showing that they are comparable in detecting sphincter defects, mainly in the EAS.
Oom et al[52] conducted a study comparing 3D TPUS with 2D EAUS for detection sphincter defects in women with fecal incontinence, revealing a good agreement between the two techniques.
There are several studies showing that 3D TPUS is an accessible, inexpensive and confortable method, allowing good sphincter evaluation namely in the postpartum period and also following surgical repair [47, 48, 53]. This technique has a multiplanar image, more precise volume calculation, shorter examination period, with a possibility for a second opinion consultation, without the presence of the patient[47]. Nonetheless, most of these studies have an important limitation because authors did not perform a direct comparison of the 3D-TPUS images with the currently considered gold standard, EAUS. 

Other possible indications
Anal canal stenosis can be primary, due to congenital malformations (rare) or secondary, namely to IBD, overly extensive haemorrhoidectomy, radiation therapy or trauma. The most important information regarding anal stenosis is length and level of the stenosis and the status of the anal sphincters. Proctological examination and EAUS are often unfeasible or very difficult to perform even under local or general anestesia. In a study by Kolodziejczak et al[54] including four cases of patients with anal stenosis, 3D TPUS was used to provide detailed information on the length and level of stenosis and upon the integrity of the anal sphincters. Further studies are needed to confirm if TPUS can be used to evaluate anal stenosis and possibly plan optimal surgical treatment.
Visualization of the anal cushions was previously described using TVS[55,56]. In a study by Zbar et al[57] TPUS performed with a linear probe, was used to measure the anal cushion area in a group of patients with internal haemorrhoids. Anal cushion area was measured by subtracting the luminal diameter of the undisturbed mid anal canal from the inner border of the internal anal sphincter. In this study, there was a significant difference between normal subjects, patients with symptomatic haemorrhoids and after haemorrhoidectomy. TPUS can be useful for an objective assessment of internal haemorrhoids, although does not provide clinical benefit in cases with a substantial external haemorrhoidal component, nor has a real role in the therapeutic decision, where generally larger and more symptomatic haemorrhoids are treated operatively[57].
In a study by Gabel et al[58] static and dynamic TPUS and EAUS were used to evaluate a cohort of patients presenting with chronic previously undiagnosed anal pain (> 3 mo duration with no clinical anorectal signs). In 25% of the cases occult intersphincteric sepsis was detected. EAUS and TPUS are important techniques, to exclude organic causes of anorectal pain.

CONCLUSION
TPUS is an important technique for uro-gynaecologic and ano-rectal evaluation. Obstructed defecation, inflammatory perianal diseases and fecal incontinence are the principal indications in Gastroenterology.
D-TPUS evaluates structure interaction during defecation stimulation manoeuvres. In patients with ODS and ultrasound positive findings others exams can be possibly avoided. In inflammatory perianal disease it identifies, classifies, and evaluates complications, as well as, monitors response to treatment. In fecal incontinence, it can identify sphincter injury, namely in the postpartum period and also following surgical repair of obstetric tears, especially with 3D. TPUS may possibly be seen as an extension of the ano-rectal examination. 
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Figure 1 Transperineal ultrasound standard image. A: Midsagittal view; B: Upper anal canal in the transversal view; C: Transversal view of the middle anal canal. SP: Symphysis pubis; U: Urethra; B: Bladder; V: Vagina; UT: Uterus; R: Rectum; A: Anal canal; PR: Puborectalis muscle; IAS: Internal anal sphincter; EAS: External anal sphincter.
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Figure 2 Woman with symptoms of obstructed defecation. A: Transperineal ultrasound at rest; B: Transperineal ultrasound during maximal straining, after rectum filling with ultrasonographic coupling gel, showing a herniation of the anterior rectal wall into the vagina confirming a retocele (arrow). SP: Symphysis pubis; U: Urethra; B: Bladder; V: Vagina; R: Rectum; A: Anal canal; PR: Puborectalis muscle.
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Figure 3 Woman with symptoms of obstructed defecation. A: Transperineal ultrasound at rest, after rectum filling with ultrasonographic coupling gel; B: Transperineal ultrasound during maximal straining, after rectum filling with ultrasonographic coupling gel, showing a herniation of the rectal wall into the anal canal confirming a rectal intusseption (arrow). U: Urethra; B: Bladder; V: Vagina; R: Rectum; A: Anal canal.
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Figure 4 Transversal view of the anal canal (A) in a case of inflammatory perianal disease, fistula (left image, between lines) and abscess (right image, arrows). 
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