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Highlights (36/40) 
· Anal incontinence symptoms are not able to predict abnormal investigations in women following fourth degree OASI. 
· If recommended investigations are not available to women following fourth degree OASI, they should be offered caesarean section.
Abstract 
Management of subsequent pregnancies following fourth-degree obstetric anal sphincter injuries (OASIS)
Annika Taithongchai, Ranee Thakar, Abdul H Sultan 
Objectives:  The management of subsequent pregnancy in women who sustained OASIS remains an enigma. Nearly all studies include all grades of OASIS including fourth-degree tears. In addition, most protocols require endoanal ultrasound and anal manometric assessment to provide advice regarding mode of delivery. In reality, most women who sustain an OASI do not undergo these investigations. The aims of our study were firstly to evaluate outcomes of fourth-degree OASIS in terms of sphincter defects, anal manometry and anal incontinence symptoms. Secondly, we wished to review recommendations made regarding subsequent mode of delivery after fourth-degree OASIS according to different published protocols.  

Study Design: An observational study of all women who had undergone a primary repair of a fourth-degree tear and seen in the perineal clinic of a tertiary urogynaecology unit between January 2006 and December 2017. Three-dimensional endoanal ultrasound and anal manometry were performed on all women, and symptoms assessed using the validated modified St Mark’s Score for anal incontinence. Diagnostic test accuracy analysis was performed for use of symptoms in predicting abnormal investigations.
Results: 74 fourth-degree tears were identified (mean follow-up 5.9 months; SD 11.5). Endoanal scan showed an internal anal sphincter defect in 77% and an external anal sphincter defect in 49%. Only 18% had no defect. The mean incremental pressure rise was 12.6 mmHg (SD 15.5). 61% were asymptomatic with a mean St Mark’s Score of 3.8 (SD 5.4). The presence of symptoms alone had poor accuracy in predicting abnormal investigations. Based on Royal College of Obstetricians and Gynaecologists guidance, only 7% would not be offered a caesarean section as they are asymptomatic women with normal scan and manometry findings and would be counselled for a vaginal delivery.
Conclusions: Given that only a few units offer these specialist investigations to their OASI population, it would be reasonable to offer caesarean section to all women who have sustained a fourth-degree tear. However, in centres where EAUS and anal manometry are available, individualised counselling can be offered.

Keywords (5) – obstetric anal sphincter injury, fourth-degree tear, mode of delivery, endoanal ultrasound, anorectal manometry
Main text a
1.1 INTRODUCTION
The recommendations offered to women regarding mode of delivery (MOD) in a subsequent pregnancy after obstetric anal sphincter injury (OASI) remains controversial and varied [1-4]. It is suggested that if the woman has anal incontinence (AI) symptoms, abnormally low anal manometric squeeze pressures and endoanal ultrasonographic (EAUS) defects, an elective caesarean section should be considered [5, 6], due to evidence of sphincter compromise [5]. However, this is based on studies predominantly comprised of third-degree OASIS with far fewer fourth-degree lacerations included which are much rarer [7]. However, when directly compared, fourth-degree tears typically have worse AI symptoms [8]. 
The functional and quality of life outcomes after OASI varies, and on average 39% have AI [9]. Some report no difference in AI symptoms between those with residual sphincter defects or not [10] whilst others have shown those who develop AI are more likely to have a sphincter defect [7]. Age [11], obesity [12], instrumental delivery [12], pregnancy status [13] and the grade of tear [7] are all thought to play a significant role. Women are counselled regarding MOD to minimise the future worsening or development of AI symptoms. Various protocols have been developed, all based on symptoms, EAUS [14] and anal manometry (AM) [1,3,15,16]. 
Our unit initiated one of the first dedicated one-stop clinics where all women who sustain OASI have EAUS and AM at 3 months follow-up [3]. However, a survey of hospitals in the United Kingdom showed that only 30% have a dedicated perineal clinic to review women who sustain OASI; less than 60% offer symptomatic women an EAUS and 12.5% stated that all women who sustained OASIS were having EAUS. AM is only performed in 3.8%, and 60% perform AM for symptomatic patients [17]. Resources are not necessarily better in other countries. Furthermore, a questionnaire survey of UK obstetric consultants showed low adherence to RCOG guidelines due to lack of access to the necessary investigations, most recommending MOD based solely on symptoms, irrespective of the degree of tear. Specifically, for fourth-degree tears, 50% would recommend caesarean delivery for asymptomatic patients [18]. It remains to be established whether women who have sustained a fourth-degree tear should follow the same protocol as third-degree tears; secondly there is no evidence to formulate recommendations on MOD following a fourth-degree tear in the absence of EAUS and AM. 
The aims of our study were firstly to evaluate outcomes of fourth-degree OASIS in terms of AI symptoms, EAUS defects and AM. Secondly, we wished to establish what recommendations would be made regarding subsequent MOD after fourth-degree OASIS according to different published protocols.  
2.1 MATERIALS AND METHODS 
This was an observational study in a perineal clinic of a tertiary urogynaecology unit from January 2006 to December 2017, with all data collected prospectively. All fourth-degree OASIS seen in the perineal clinic were identified from the departmental database [19], all had undergone primary repair at the time of delivery. Local patients were routinely seen three months following OASI or tertiary patients referred when perineal clinic facilities were not available at other hospitals. 
A modified St Mark’s incontinence score (SMIS) was documented (range 0 meaning no AI to 24 indicating severe AI) [20]. Presence of AI was taken if SMIS > 0, meaning any presence of faecal urgency, liquid or solid faecal incontinence or flatal incontinence regardless of frequency. All underwent 3D EAUS (BK Medical, Herlev, Denmark) using a 12 - 16 MHz anorectal transducer (type 2050; focal point up to 20 mm and focal range 5 - 45 mm); a defect was diagnosed if 30 degrees or more disruption of the external or internal anal sphincter (IAS) at the deep, superficial and/or subcutaneous level [3,7] (Figure 1 and 2).  AM was performed using the validated Stryker pressure monitor device [21]. Mean resting pressure (mmHg), maximal squeeze pressure (mmHg) and the incremental rise between the two were measured and calculated. Abnormal AM was defined as an incremental rise of < 20mmHg from resting pressure to the maximum of 3 squeeze pressures.
2.1.1 Statistical analysis

Descriptive statistics were used for most of the data.  The paired t-test or Mann Whitney U test were used to analyse continuous variables depending on distribution. A P value of <0.05 was considered significant. Diagnostic test evaluations were performed to test the accuracy of AI symptoms in predicting abnormal AM or EAUS. 
2.1.2. Ethical approval

The institutional research and development department approved for the study; formal ethical approval was not required. (August 2018)

3.1 RESULTS
Over 12 years, 74 women were identified to have been seen postnatally after a fourth-degree OASI. The mean follow-up time was 5.9 months (SD 11.5). The mean age was 30.0 years (SD 5.3). Eighty-four percent sustained a fourth-degree tear during their first vaginal delivery. Twenty-two were tertiary referrals: AI symptoms 13, OASI follow-up 7 and suspected fistula 2. 
AI symptoms (SMIS > 0) were present in 39% (mean St Mark’s score 3.8). There was a significant difference in SMIS between local (2.2, SD 4.3) and tertiary patients (6.2, SD 5.9) (P<0.05). 

On EAUS, 57/74 (77%) had an IAS defect (25 isolated) and 36/74 (49%) had an external anal sphincter (EAS) defect (4 isolated). There was a defect of either the IAS or EAS in 61/74 (82%) with 32/74 (43%) having a combined IAS and EAS defect. Overall, 13/74 (18%) had both the IAS and EAS intact. There was no difference between tertiary and local patients.
On AM, the mean resting pressure was 39.8 mmHg (SD 10.7). The mean maximum squeeze pressure was 70.0 mmHg (SD 20.2) and the mean incremental rise was 12.6 mmHg (SD 15.5), with no difference between local and tertiary patients. Table 1 demonstrates the breakdown of IAS and EAS defects and abnormal AM results in symptomatic and asymptomatic patients. As can be seen, the presence of symptoms has a considerably poor diagnostic test accuracy (41.9-65.6) in terms of concurring with abnormal EAUS or AM, which in turn is relevant to the management, namely, whether to recommend a caesarean section or not. Although the absence of AI symptoms has a sensitivity of 83.3 for normal investigations, the confidence intervals are wide (35.9-99.6) with low specificity (41.2, 95% CI 29.4-53.8), meaning a high number of women would be falsely reassured that the absence of AI symptoms would suggest normal investigations. Conversely, the presence of AI symptoms has the most overall accuracy for detecting both abnormal AM and EAUS (65.5, 95% CI 54.3-75.7), but with sensitivity (77.7, 95% CI 52.4-93.6) and specificity (62.1, 95% CI 49.3-73.8) too low to justify the use of presence of AI symptoms alone to recommend a serious operation such as a caesarean section with known morbidities.
Complications occurred in 15/74 (20%): fistula formation 6 (3 were repaired, 1 declined surgery, 1 required colostomy, 1 managed conservatively, 1 moved so definitive management unknown), wound dehiscence 3 (all healed by secondary intention), secondary sphincter repair 3, wound infection without dehiscence 5, suture removal for extrusion 2, scar injection with a steroid cocktail (Depot Medrone, Hyaluronidase and Marcaine) for persisting pain 1. In 11/74 (15%) further referral was made to a joint colorectal/urogynaecology clinic and 14/74 (19%) were seen by a colorectal nurse specialist for further management.
4.1 DISCUSSION
This is the first and largest study to investigate fourth-degree OASIS using validated AI scores, EAUS and AM to evaluate outcomes and assess variations in different protocols regarding the management of subsequent delivery.

The prevalence of AI symptoms (39%) in our study is much lower than other published rates for isolated fourth-degree tears (67%) [10]. This does, however correlate with rates of AI for overall OASIS data which include both third- and fourth- degree tears [9]. This is particularly surprising as the grade of tear has been shown to affect the presence of AI symptoms [7], although conflicting results to this have also been published [22]. This may be due to the varied reasons for referral, including suspected fistulae, AI or routine follow-up. This is highlighted by the higher AI rate in tertiary referrals.
The 82% rate of residual defects was high but is in-keeping with the study by Sakse et al [10] who found sphincter defects in 85% of 33 women with fourth-degree OASIS.  We found no difference between tertiary and local patients, highlighting the fact that symptoms may develop at a variable time after the injury [10,23] and the onset of symptoms may be dependent on other factors such as dietary modifications, bowel transit, rectal hypersensitivity, ageing, menopause, and neuropathy [9].  However, women with fourth-degree OASIS and residual defects tend to have more symptoms than those who sustained third degree tears [7,24]. Sultan et al first described primary separate repair of the IAS at the time of delivery in 1999 [25] as persistent IAS defects is associated with a worse outcome [26].  It is possible that some doctors may still have been on the learning curve in the early part of the study. The findings in our study of high residual defects, low mean incremental rise of pressure on AM and high complication rates suggest there is still a training issue, possibly as these types of tears are less commonly encountered. It emphasises the importance of continued training of repair techniques, particularly of the IAS, and why it is still important to offer senior supervision as recommended by RCOG guidance [6]. The scan findings can be used as an audit tool and allow for feedback to the obstetrician who can reflect on the outcome of the repair.
There was a relatively high complication rate with one fifth having a significant complication. Acknowledging that this study was performed in a tertiary urogynaecology referral unit, the rates did not differ between local and tertiary referrals. Rates of complications such as wound infection or dehiscence have been reported to be 7.3% in OASI patients, with fourth-degree tear being a recognised risk factor (OR 1.89; 95% CI 0.99-3.61; P=0.05) [27]. There is a paucity of data in the literature regarding wound complications of fourth-degree tears ranging from wound problems to fistula formation. With 8% having a fistula, this itself could be an affecting factor in the advice for future MOD.  
The strengths of this study include the use of validated questionnaires and the standardised advice and management that is offered to all women seen in the clinic. In addition, there is robust follow-up for all local patients limiting the attrition rate. The limitation of this study is its retrospective nature and lack of follow-up after subsequent pregnancies for women from other units. In addition, sexual function and quality of life were not included. We know in lower grade OASIS, sexual function is an important consideration by woman desiring caesarean delivery, not necessarily the presence of bowel symptoms [28]. We also do not have data on the experience, seniority or level of supervision of the obstetricians who performed the repairs. As this study was conducted between 2006 and 2017 there would have been significant advances in training which may have had a temporal effect on the results.

This data provides some guidance to aid counselling women with fourth-degree tears. Should we follow the same protocol for fourth-degree tears and third-degree tears when discussing MOD? Our study suggests that this cohort has worse outcomes in terms of residual defects, AM pressures and complication rates compared to other published data on third-degree tears. However, the pathophysiology as to why women will develop AI will remain the same and therefore it would be reasonable to follow the same protocols as those for third-degree tears. With variations in available facilities, guidelines, advice and protocols internationally [1,3,14-16,29], women can be offered conflicting advice with regards to MOD depending on where they are seen, demonstrated in Table 2. At our institution we offer individualised plans, accounting for severity of symptoms, EAUS and AM as well as family circumstances [3,16]. Based on this prospectively validated protocol, 15/74 (20%) in this study would be recommended caesarean section. This is in comparison to the other end of the spectrum where 97% would be recommended caesarean delivery when less discriminate criteria are used such as with Karmarkar et al [15]. The Royal College of Obstetricians and Gynaecologists (RCOG) guidance states, “all women who have sustained OASIS in a previous pregnancy and who are symptomatic or have abnormal endoanal ultrasonography and/or manometry should be counselled regarding the option of elective caesarean birth” [6]. Of our cohort, 93% would fit RCOG criteria, and be offered a caesarean delivery (Table 2). However, the ability to offer individualised recommendations is limited by availability of resources, equipment and expertise. Nevertheless, safe and practical guidance, taking into consideration long-term outcomes, needs to be offered.  If offering caesarean delivery is only based on the presence of symptoms (as is the case in centres without investigative facilities) [18], over half the women would be recommended a vaginal delivery when in fact they may have abnormal investigations, risking the development of AI symptoms [23]. This is again highlighted by the inability of AI symptoms alone to predict abnormal investigations (Table 1) to discriminate which women should be offered caesarean delivery. 
Without data from a randomised controlled trial, the current published protocols (Table 2) are varied, with relatively short-term follow-up, differ in definitions and have unsubstantiated recommendations [30]. The difficulty particularly arises because the investigations which the protocols are based on, are not available universally. Therefore, in the absence of investigations, should all women who sustain a fourth-degree tear be offered a caesarean section? We are only aware of one study that specifically assessed (by postal questionnaire) the effect of MOD on long-term AI symptoms in women who have sustained a fourth-degree tear. Interestingly, when they compared subsequent vaginal or caesarean delivery there was no difference in symptoms. This was however performed in a country where all women who complain of AI after OASIS are advised for caesarean delivery [8]. We propose that, given only a few units offer specialist investigations to their OASI cohort, it would be reasonable to offer caesarean section to all women who have sustained a fourth-degree tear and not base this on presence of symptoms alone. However, in centres where EAUS and AM are available, clinicians should offer these investigations for more individualised counselling.  The women would need to understand the short- and long-term risks including the recovery of each MOD, as well as the fact that a caesarean section would be a recurring indication for all subsequent pregnancies. 
5.1 CONCLUSION
In our cohort, fewer than 1 in 10 women would be recommended a vaginal delivery after a fourth-degree tear if appropriate investigations are carried out and RCOG guidance for MOD counselling is followed. However, for most women in the UK, EAUS and AM are not available.  The presence of symptoms alone is not able to predict those who will have residual sphincter defects or abnormal AM. It would therefore be reasonable to counsel all women who have sustained a fourth-degree tear regarding the option of elective caesarean section in a subsequent pregnancy if EAUS and AM are not available and not rely on presence of symptoms. The inherent short- and long-term risks of each MOD must be explained.
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Tweetable Abstract - Appropriate to offer caesarean delivery to all fourth-degree tears in a subsequent pregnancy if endoanal ultrasound and manometry are not available.  
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Table 1. Table demonstrating the breakdown of abnormal and normal investigations in symptomatic and asymptomatic women (for anal incontinence) following fourth 
degree tears. Endoanal ultrasound defects are for external and/or internal anal 
sphincter unless specified. The diagnostic test accuracy of the presence of anal incontinence 
	
	Symptomatic

N=29 (% of those symptomatic)
	Asymptomatic

N=45 (% of those asymptomatic)
	Sen (95% CI)
	Spec (95% CI)
	PLR (95% CI)
	NLR (95% CI)
	PPV (95% CI)
	NPV (95% CI)
	Acc (95% CI)

	Normal EAUS and normal manometry
	1 (3)
	5 (11)
	*83.3 (35.9-99.6)
	*41.2 (29.4-53.8)
	*1.4 (0.9-2.1)
	*0.4 (0.1-2.5)
	*11.1 (7.7-15.8
	*96.6 (82.1-99.4)
	*44.6 (33.0-56.6)

	Abnormal EAUS and/or manometry
	26 (90)
	40 (89)
	39.4 (27.6-52.2)
	62.5 (24.5-91.5)
	1.1 (0.4-2.7)
	1.0 (0.6-1.7)
	89.7 (77.1-95.7)
	11.1 (6.6-18.1)
	41.9 (30.5-53.9)

	EAUS defect and normal manometry
	17 (59)
	21 (47)
	44.7 (28.6-61.7)
	66.7 (49.0-81.4)
	1.3 (0.8-2.4)
	0.8 (0.6-1.2)
	58.6 (44.2-71.7)
	53.3 (44.2-62.3)
	55.4 (43.4-67.0)

	EAUS defect and abnormal manometry
	7(24)
	17 (38)
	29.2 (12.6-51.1)
	56.0 (41.3-70.0)
	0.7 (0.3-1.3)
	1.3 (0.9-1.8)
	24.1 (13.7-39.0)
	62.2 (53.6-70.2)
	47.3 (35.6-59.3)

	EAUS normal and abnormal manometry
	2 (7)
	2 (4)
	50.0 (6.8-93.2)
	61.4 (49.0-72.8)
	1.3 (0.5-3.6)
	0.8 (0.3-2.2)
	6.9 (2.6-17.1)
	95.6 (88.8-98.3)
	60.8 (48.8-72.0)

	EAS defect and abnormal manometry
	14 (48)
	4 (9)
	77.7 (52.4-93.6)
	62.1 (49.3-73.8)
	2.1 (1.4-3.1)
	0.4 (0.2-0.9)
	35.9 (27.4-45.4)
	91.1 (80.9-96.1)
	65.5 (54.3-75.5)


symptoms for the different outcomes of endoanal ultrasound or manometry are provided.
*Diagnostic test accuracy of the absence of symptoms for normal investigations

EAUS = Endoanal ultrasound, EAS = External anal sphincter, Sen=sensitivity, Spec=specificity, PLR=positive likelihood ratio, NLR=negative likelihood ratio, PPV=positive predictive value, NPV=negative predictive value, Acc = accuracy, CI=Confidence Interval
Table 2. Table to demonstrate the variations in recommendations regarding mode of delivery based on available protocols.
	Published Protocol
	Women being recommended caesarean delivery (n/N, %) from this study cohort based on protocol
	Protocol Validated by Subsequent Pregnancy Outcomes 

	Royal College of Obstetricians and Gynaecologists (RCOG)

All women who have sustained OASIS in a previous pregnancy and who are symptomatic or have abnormal endoanal ultrasonography and/or manometry should be counselled regarding the option of elective caesarean birth.
	69/74 (93%) not recommended but offered counselling for CS
	(

	Jordan et al (Croydon University Hospital, London)

Elective caesarean section offered if asymptomatic or mild anal incontinence symptoms with EAS defect AND low incremental rise from resting to squeeze (<20mmHg) 
	15/74 (20%)

(3 patients with EAS defect and abnormal manometry had severe symptoms but as they were already planned to have a secondary anal sphincter repair, they were advised to have a vaginal delivery and undergo a secondary sphincter repair after family complete)
	(

	Karmarkar et al (St Mary’s Hospital, London)

Elective caesarean section offered if anal incontinence symptoms or anal sphincter defect (IAS or EAS) or low resting pressure (<40mmHg) or low incremental rise from resting to squeeze (<20mmHg) 
	72/74 (97%)

(4 patients with low resting pressures but had normal endoanal ultrasound and normal anal manometry)
	(

	Cassis et al (Norfolk and Norwich)

Elective caesarean section offered if asymptomatic with EAS defect AND low incremental rise from resting to squeeze <20 mmHg. If symptomatic only one abnormal investigation required (EAS defect or incremental rise) for CS to be recommended. 
	27/74 (36%)
	(

	Fitzpatrick et al (Dublin, Ireland)
Elective caesarean delivery advised for those with severe symptoms (Wexner score > 5) and ultrasound defects greater than one quadrant. For women with ultrasound defects <1 quadrant but were symptomatic or women who had ultrasound defects >1 quadrant on ultrasound but were asymptomatic, other determinants including tone on rectal examination, manometry and patient wishes were all considered in the decision making process. 
	Unable to determine due to non-specific criteria
	(

	Centres only offering caesarean section based on presence of anal incontinence symptoms.
	29/74 (39%)
	(


IAS = Internal anal sphincter, EAS = external anal sphincter, CS = caesarean section
Figure Legends
Figure 1. Endoanal ultrasound at the superficial (mid) level demonstrating a residual defect in the hypoechoic internal anal sphincter (ends shown by white arrows) and resultant ballooning of the residual muscle ring as well as a defect in the hyperechoic external anal sphincter (ends shown by the white lines). 
Figure 2. Photograph obtained from www.perineum.net demonstrating a fourth -degree tear. The disrupted anal mucosa, internal anal sphincter and external anal sphincter all clearly labelled. 
