Healing of disrupted perineal wounds after vaginal delivery: A poorly understood condition
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Abstract: 
Perineal injury following childbirth can result in complications such as wound infection and dehiscence. The reported incidence of these complications in the literature range between 0.1- 23.6% and 0.2% -24.6% respectively. However, the healing of disrupted perineal wounds is poorly understood. In addition, despite the incidence of perineal wound complications, with respect to maternity services, inadequate priority is given to the postpartum management of perineal morbidity (Bick 2009). In this review, we explore the normal process of wound healing in the context of infected perineal wounds following childbirth. In addition, we describe the management of complications including hypergranulation, perineal pain, dyspareunia and obstetric fistula.
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Key Points: 
1. Perineal wound infection and dehiscence can affect up to a quarter of women following vaginal delivery
2. The perineum is susceptible to wound healing complications as it is an area of high moisture, high surface temperature and in close proximity to the complex microflora of the genitourinary and gastrointestinal tract.
3. Perineal wound infection can occur in the absence of wound infection due to factors such as surgical repair technique, mechanical stress as a result of external trauma, local oedema (a normal result of the inflammatory phase of wound healing) or bleeding/haematoma
4. Complications as a result of disrupted perineal wound healing including excessive granulation or scar tissue formation can be managed in the outpatient setting 

Reflective questions: 
1. Can you name potential complications women may face with the healing of their perineal wound?
2. How can you use this new knowledge to support women with perineal wound healing concerns?
3. How can we better inform women on perineal care and potential problems they may face with regards to the healing of their perineal wound?




Main Text
Introduction: 
A wound may be defined as any disruption of tissue integrity; including the skin, mucous membranes or organs (Kujath and Michelsen 2008). This also includes clean surgical wounds closed with sutures (Li et al. 2007). In the context of perineal wounds following childbirth, approximately 63% are spontaneous and 17% are iatrogenic following an episiotomy. However, 20% of women will not sustain any perineal trauma (Smith et al. 2013). Overall, 69% of perineal wounds will require suturing (Royal College of Obstetricians and Gynaecologists (RCOG) 2004). The healing of perineal wounds following childbirth can be disrupted from complications such as wound infection and dehiscence. The reported incidence of these complications in the literature range between 0.1- 23.6% and 0.2% -24.6% respectively (Jones et al. 2019). Despite the incidence of perineal wound healing complications, disrupted perineal wound healing is poorly understood. Also, with respect to maternity services, inadequate priority is given to the postpartum management of perineal complications (Bick 2009). The aims of this review is to explore the process of normal wound healing and disrupted wound healing in the context of perineal wounds following childbirth. Additionally, the management of perineal complications will also be reviewed. Written consent was obtained for publication of the images included in this review as per the recruitment for the PERINEAL study (A Prospective observational study evaluating the sonographic appearance of the anal sphincter in women with wound infection following vaginal delivery: ClinicalTrials.gov Identifier: NCT04480684)



Pathophysiology of wound healing:
Wound healing can be categorised as either primary, secondary or tertiary (delayed primary closure) (Singh et al. 2017).  Healing by primary intention occurs when wound edges are approximated by sutures and healing by secondary intention occurs when the wound edges are separated: this process of healing takes longer as wound contraction and filling of the tissue defect needs to occur. With tertiary healing, closure of the wound is delayed, for example, in cases of heavily contaminated wounds when wound irrigation and debridement is required to reduce the risk of subsequent wound infection and abscess formation.  

Wounds are stimulated to heal in four overlapping, synchronised phases; this includes haemostasis, inflammation, proliferation (formation of granulation tissue) and remodelling (scar formation) (Figure 1) (Singer and Clark 1999; Li et al. 2007). The process of haemostasis starts immediately following tissue injury and lasts for several hours (Reinke and Sorg 2012). Vasoconstriction occurs to stem the blood loss from the injured blood vessels, platelets are then activated and aggregate to fill the wound with a fibrin clot (Robson et al. 2001; Li et al. 2007; Reinke and Sorg 2012). Once the bleeding has stopped, blood vessels dilate, facilitating the entry of blood, fluid and inflammatory cells into the wound (Robson et al. 2001; Li et al. 2007). This increase in blood vessel permeability causes local erythema, heat and oedema of the wound (Reinke and Sorg 2012). These signs may also be seen in the presence of perineal wound infection (Webb et al. 2014).

The inflammation stage lasts for one to three days (Reinke and Sorg 2012) whereby, inflammatory cells such as neutrophils, monocytes and macrophages degrade necrotic tissue, debris and local bacteria (Robson et al. 2001; Reinke and Sorg 2012). In the proliferative phase (3-10 days in length), there is a shift from a fibrin filled wound surface to collagen based granulation tissue, accompanied by neovascularisation and angiogenesis (Robson et al. 2001; Reinke and Sorg 2012). As this tissue is highly vascular, it has a very red appearance, and if friable, may bleed on contact (Reinke and Sorg 2012). 

The time taken to transition from the inflammatory to the proliferative phase is crucial in the normal process of wound healing (Landén et al. 2016). If this transition process is prolonged, for example due to infection, excess and persistent granulation tissue may form (Singer and Clark 1999; Kornhaber et al. 2016). Excess granulation tissue inhibits the movement of epithelial cells across the wound surface and consequently  further delays wound healing (Kornhaber et al. 2016). Granulation tissue formation is a transitional step in the wound healing cascade, and therefore, when over production and maturation occurs, wound healing is prolonged and associated with a wide based scar (Robson et al. 2001). 

The final phase of the wound healing cascade is remodelling and begins from day 21 following tissue injury and continues for up to 1 year (Reinke and Sorg 2012). The matured granulation tissue which has filled the wound undergoes remodelling and collagen maturation occurs (Robson et al. 2001; Reinke and Sorg 2012). Subsequently, neovascularisation and angiogenesis cease, and the mature wound becomes avascular and acellular leaving a scar (Gonzalez et al. 2016; Landén et al. 2016).  

Wound infection pathophysiology:
The skin acts as a physical barrier against infection and regularly sheds its outermost layer: the epidermis, which aids in the removal of surface bacteria (Tortora et al. 2004). Therefore, in body areas where there is increased moisture and so less skin shedding, bacterial concentrations are higher (Tortora et al. 2004). Moreover, warm environments are also favourable for microbial proliferation (Bowler et al. 2001). An additional barrier to wound infection is the skin microflora. This microbial ecosystem is usually stable and consists of bacteria, viruses and fungi (Eyerich et al. 2018). These micro-organisms are protective against the overgrowth of potential pathogenic bacteria (Rashid et al. 2012). Therefore, wounds will contain bacteria and under normal conditions there is an intricate relationship between the defence ability of the skin and the number of micro-organisms that colonise the surface (Bowler 2002; Grice and Segre 2011). 

With perineal wounds, organisms from the surrounding skin, endogenous mucosal surfaces (genitourinary tract, gastrointestinal tract) or the external environment can contaminate the wound and cause infection (Karsnitz 2013).  Also, as the perineum is both an area of high moisture (from sweat, urine and faeces) and higher surface temperature, the protective barrier function of the overlying skin is weakened (Margesson 2004). All these factors increase the risk of infection and so prolonged wound healing. 

Perineal wound infection:
The diagnosis of wound infection requires subjective review by healthcare professionals for associated signs and symptoms. Although, there is no agreed standardised definition of perineal wound infection following childbirth within the literature (Jones et al. 2019), signs and symptoms which may indicate infection include the presence of markers such as perineal pain, purulent discharge and wound dehiscence (Johnson et al. 2012). Microbiological analysis can also be used to help guide management (World Union of Wound Healing Societies (WUWHS). 2008). However, microorganisms can take between 2-5 days to grow on culture media (Bowler et al. 2001). Perineal wound infections are often polymicrobial due to the complex microflora of the surrounding genitourinary and gastrointestinal tract (Childs et al. 2020) and may include gram-negative bacilli, enterococci, group B streptococci and anaerobic bacteria (Lachiewicz et al. 2015) (Figure 2). However, any microbial swab taken, even in the absence of infection is likely to isolate a range of bacteria. Therefore, diagnosis of wound infection should be made clinically, and the culture and sensitivity of microbiological swabs should guide antibiotic choice (Healy and Freedman 2006).  It is recommended that broad spectrum antibiotics are used as first-line (Webb et al. 2014). Table 1 highlights the pathogens most commonly identified in perineal wound infection from the literature. 

Perineal wound dehiscence:
Wound dehiscence can be defined as complete or partial disruption of wound edges that were previously approximated (Wound International 2018). However, there is no standardised definition for perineal wound infection in literature (Jones et al. 2019). Although perineal wound dehiscence is often reported to occur concurrently with wound infection (Dudley et al. 2013) there are a number of other causes of wound dehiscence in the absence of infection. These include surgical technique, for example if sutures have been placed under too much tension and mechanical stress as a result of external trauma, local oedema (a normal result of the inflammatory phase of wound healing) or bleeding/haematoma and poor alignment of the wound edges. In addition, any factor which can potentially disrupt the wound healing phases such as smoking and chronic diseases such as diabetes and immunocompromised states can predispose to wound dehiscence (Wound International 2018). 

Perineal wounds that have dehisced can either be managed conservatively (healing by secondary intention with antibiotic cover) or surgically. With wounds that are managed conservatively, healing occurs through growth of new tissue from the base of the wound to fill the space between the unopposed wound edges (Norman et al. 2016). Currently there is no agreed best practice recommendation for the management of perineal wound dehiscence due to a lack of robust evidence comparing conservative management and re-suturing (Figure 5) (Dudley L.M. et al. 2013). This means that in the United Kingdom (UK), healing by secondary intention is often advised. However, this can be a protracted process, during which regular patient review of wound healing progress is required (Figure 3). Figure 4 graphically depicts the wound healing trajectory of a dehisced perineal wound. The graphs show how the rate of wound depth/volume healing tends to be much faster than wound contraction which correlated with the rate of wound area/perimeter healing. In comparison to wound area, a decrease in the volume of a wound is a more important indicator of appropriate wound healing, as it corresponds with the rate of wound re-epithelialisation. Furthermore, during wound healing, the area can increase slightly in the initial phases (Sangwine et al. 1998). It has been argued that with re-suturing there is the additional risk of further wound infection and dehiscence (Webb et al. 2014). 

Complications of disrupted perineal wound healing:
Excessive granulation tissue:
Granulation tissue forms during the proliferative wound stage to fill the wound defect from the base upwards. When the proliferative stage of wound healing is prolonged, hypergranulation can occur (Singer and Clark 1999; Kornhaber et al. 2016). Hypergranulation can be defined as excess granulation tissue which overfills the wound bed beyond normal surface height resulting in a raised mass of tissue (Vuolo 2010) (Figure 6A). Causes of hypergranulation include excessive moisture, prolonged periods of inflammation secondary to infection or irritation from foreign bodies (for example wound dressings) and wound dehiscence leading to healing by secondary intention (Vuolo 2010; Kornhaber et al. 2016).  Therefore, in perineal wounds with disrupted healing, hypergranulation can occur due to infection/dehiscence, the high moisture levels of the perineum and potential irritation from maternity pads. As granulation tissue is highly vascular, women may also report bleeding and excessive discharge.

Hypergranulation can be managed in the outpatient setting with cautery using silver nitrate (Figure 6B & C) (Wan et al. 2020). However, there are no studies investigating the effectiveness of topical silver nitrate for the management of over-granulated perineal wounds following childbirth. Although, its use has been described for granulation tissue in other sites such as the umbilicus in neonates (Ogawa et al. 2018). As silver nitrate is caustic, application can be painful, and if not done with care, irritate surrounding healthy skin; therefore the patient should be pre-warned and care should be taken during application (Hampton 2007). Topical local anaesthetics such as 5% lidocaine ointment or Instillagel® can be applied prior to silver nitrate application to provide an analgesic effect and the application can be continued as and when necessary. In a small number of cases, surgical management under anaesthesia including diathermy and/or surgical excision may be required for persistent hypergranulation despite repeated treatment with silver nitrate (Webb et al. 2014). 

Perineal pain/dyspareunia:
When normal wound healing is disrupted, the wound may heal with a hypertrophic scar due to excess collagen deposition (Martin and Nunan 2015). Disrupted perineal wound healing can lead to scar tissue formation or a web of skin at the posterior fourchette (Figure 7). This can lead to fissuring, bleeding and pain during sexual intercourse (Kettle et al. 2005). 

In the outpatient setting, perineal pain secondary to scar tissue formation can be managed with perineal massage and/or vaginal dilators with topical 5% lidocaine ointment (Wan et al. 2020). However, the evidence supporting the use of topical anaesthetics for perineal pain following childbirth is limited (Hedayati et al. 2005). In cases of persistent pain, a combination of 10ml 0.5% bupivacaine, 1500IU hyaluronidase and 40mg methylprednisolone acetate can be infiltrated into the perineum at the site of maximal tenderness. In cases of persistent perineal scarring, perineoplasty may be required to surgically divide the band of scar tissue at the introitus (Wan et al. 2020). 
 
Prevention of perineal wound healing complications:
Perineal wound infection and dehiscence can have a negative impact on the wellbeing of new mothers. These complications can significantly impact women physically and emotionally and subsequently lead to social isolation (Dudley et al. 2017).  Moreover, a large retrospective study of 3254 women attending a dedicated perineal clinic at our unit showed that 670 (20.6 %) women experienced perineal complications including wound infection (n=236), dehiscence (n=209) or perineal pain/dyspareunia (n=225). Sixty-four (30.6%) women with wound dehiscence underwent secondary re-suturing. In those with perinea pain/dyspareunia,  topical 5% lidocaine ointment or local perineal injections were used in 58 (25.8%) and 17 (7.6%) women respectively (Wan et al. 2020). 

To minimise the maternal morbidity associated with perineal wound healing complications, preventative strategies should be prioritised. This can first start with the technique used to repair perineal wounds. A Cochrane systematic review reported that in comparison to an interrupted suturing technique, continuous suturing of the vagina, perineal muscles and skin is associated with less pain at 10 days and need for suture removal (Kettle et al. 2012). The exposed knots of interrupted sutures are a nidus for bacterial colonisation and can lead to perineal wound infection or dehiscence (Figure 8). Secondly, based on the risk factors (Table 2) for these complications obstetric practice can be modified. An example of this is the prophylactic antibiotic administration intraoperatively and following repair of OASI (Fernando et al. 2002). However, there is insufficient evidence to support the use of prophylactic antibiotics with other perineal tears such as episiotomies (Bonet et al. 2017). Prophylactic antibiotics after operative vaginal delivery have been shown to reduce the risk of maternal infection, as found in the ANODE trial (a randomised controlled trial of prophylactic ANtibiotics to investigate the prevention of infection following Operative vaginal DElivery) (Knight et al. 2019). However, it is important to note that antimicrobial stewardship is a significant health priority and the overuse of antibiotic is associated with anti-microbial resistance (National Institute for Health and Care Excellence 2015). Therefore, alternative methods to tackle perineal wound complications have been investigated. 

Firstly, good perineal hygiene is important in order to keep the perineum clean and dry. This includes hand hygiene, regular changing of maternity pads and daily washing of the perineum with water followed by gentle drying (National Institute for Health and Care Excellence 2006).  A randomised control trial (RCT) investigating the use of copper-impregnated maternity pads following vaginal delivery showed a significant reduction in superficial and deep perineal wound infection by 75% and 85% respectively (Arendsen et al. 2020).  

Advanced wound care technology:
Advances have been made in wound care to aid clinicians in managing wound complications.  This includes imaging devices which allow point-of care diagnosis of wound infection and accurate three-dimensional measurement of wound size. The MolecuLight i:X imaging device (MolecuLight, Toronto, Canada) uses bacterial fluorescence imaging technology to evaluate bacterial loads within and surrounding wounds (Ottolino-Perry et al. 2017; Rennie et al. 2019). This device has been used in addition to microbiological culture and to assist with the dressing changes of chronic leg ulcers, surgical wounds, burns, skin grafts and traumatic wounds (Hurley et al. 2019). The Silhouette® camera uses the laser assisted scanning technology in order to obtain accurate 3D measurements of wounds (Jørgensen et al. 2016) and has been described to aid prediction of wound healing in chronic leg ulcers and surgical wounds (Romanelli et al. 2008; Hammond and Nixon 2011). However, to our knowledge the use of advance wound care technologies has never previously been described for the management of perineal wounds complications.  

Conclusion:
Perineal wound infection and dehiscence can affect up to a quarter of women following vaginal delivery (Jones et al. 2019). Women should be given clear information on perineal care and potential problems they may face with regards to the healing of their perineal wound. It is important clinicians are aware of how these complications may present and their management in order to improve the quality of postnatal care. However, at present there is a paucity of research into the natural history of perineal wound healing, therefore we are currently undertaking research to address this. 
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Figure Legend:

Figure 1: A graph demonstrating the overlapping phases of wound healing- (Gonzalez et al. 2016)
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Figure 2 : Bacterial fluorescence images of infected perineal wounds taken using the MolecuLight i:X imaging device. Wounds showing red (A, B) or white (C) fluorescence (arrows) with microbiological culture results below
[image: ]



Figure 3: Wound healing of a dehisced episiotomy, two (A), three (B), four (C), five (D), six (E), and seven weeks (F) where the wound has healed with a wide based scar. Corresponding wound measurements taken using the Silhouette® camera are shown below (length x width x depth).
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Figure 4: Wound healing trajectory of a dehisced episiotomy using the Silhouette® camera. The graphs show the rate of area (cm2) (A), perimeter (mm) (B), depth (mm) (C) and volume (cm3) (D) change over time
[image: ]



Figure 5: A dehisced episiotomy diagnosed week 1 (A) following a ventouse and forceps delivery. The patient opted for surgical resuturing which was perfomed 2 weeks following delivery. The images show the uncomplicated healing of the wound two (B), three (C) and four (D) weeks following delivery
[image: ]



Figure 6: Excessive granulation tissue formation at seven-week postnatal following healing of a dehisced perineal wound healing by secondary intention (A). The area was treated with silver nitrate (B). The area of granulation tissue 2 weeks after treatment (C)
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Figure 7: A vaginal examination being performed to show a perineal web at the posterior fourchette (A). The perineum after surgical division of the perineal web (B)
[image: ]


Figure 8: At one week following diagnosis and treatment with oral antibiotics, there was no bacterial fluorescence in wounds closed with sub-cuticular sutures (A). However, red fluorescence (arrows) in the knots of interrupted sutures of wounds that had dehisced (B) and remained approximated (C). Microbiological culture results from wound swabs above and loose sutures below
[image: ]



Table 1: Microorganisms causing perineal wound infection following childbirth
	Organisms
	Reference

	Gram positive cocci

	Staphylococcus spp.
	(Ajibade et al. 2013), (Arendsen et al. 2020), (Fox 2011), (Rotas et al. 2007), (Sule and Shittu 2004), (Zhang and Han 2017)

	Streptococcus spp.
	(Ajibade et al. 2013), (Almarzouqi et al. 2015), (Arendsen et al. 2020), (Chua et al. 2017), (Fox 2011), (Shy and Eschenbach 1979), (Wiseman et al. 2019), 

	Enterococcus spp.
	(Ajibade et al. 2013), (Häusler et al. 1994), (Tsenov et al. 2001)

	Gram positive rods
	

	Escherichia spp.
	(Almarzouqi et al. 2015), (Fox 2011), (Häusler et al. 1994), (Shy and Eschenbach 1979), (Sule and Shittu 2004), (Tsenov et al. 2001), (Zhang and Han 2017)

	Gram negative aerobic

	Acinetobacter spp.

	(Zhang and Han 2017)

	Pseudomonas spp.
	(Ajibade et al. 2013), (Zhang and Han 2017)


	Enterobacter spp. 
	(Zhang and Han 2017)

	Proteus spp.
	(Rai et al. 2015)

	Mixed anaerobes
	(Arendsen et al. 2020), (Fox 2011)

	Gram negative rods

	Bacteroides spp.

	(Almarzouqi et al. 2015), (Fox 2011), (Shy and Eschenbach 1979), 

	Gardnerella spp.

	(Fox 2011)

	Coliforms
	(Ajibade et al. 2013), (Arendsen et al. 2020)

	Anaerobic

	Klebsiella spp.

	(Fox 2011), (Rai et al. 2015), (Shy and Eschenbach 1979)

	Clostridium spp. 

	(Shy and Eschenbach 1979)

	Fungi

	Candida spp.
	(Ajibade et al. 2013), (Fox 2011), (Zhang and Han 2017)

	Saccharomyces spp.
	(Zhang and Han 2017)






Table 2: Risk factors for perineal wound complications (infection/dehiscence) following childbirth

	Risk Factors
	Reference

	Obesity
	(Edwards et al. 1978), (Stock et al. 2013), (Zhang and Han 2017), (Gommesen et al. 2019)

	Smoking
	Jallad et al. 2016), (Stock et al. 2013)

	Co-morbidities e.g. Diabetes
	(Zhang and Han 2017)

	Prolonged rupture of membranes
	(Johnson et al. 2012)

	Premature rupture of membranes
	(Zhang and Han 2017)

	Puerperal reproductive tract infection
	(Zhang and Han 2017)

	Number of vaginal examinations >3
	(Zhang and Han 2017)

	Instrumental delivery
	(Jallad et al. 2016), (Johnson et al. 2012), (Lewicky-Gaupp et al. 2015), (Stock et al. 2013), (Wilkie et al. 2018)

	Episiotomy
	(Gommesen et al. 2019), (Jallad et al. 2016), (Johnson et al. 2012), (Wilkie et al. 2018)

	Obstetric anal sphincter injury
	(Jallad et al. 2016)
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