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Abstract
Minimally invasive ventral mesh rectopexy (VMR) approaches are widely used surgical
managements for external rectal prolapse (ERP) and symptomatic internal rectal prolapse (IRP).
Despite the potential benefits of robot-assisted surgery with a three-dimensional magnified view
and larger range of instrument motion, the superiority of robotic ventral mesh rectopexy (RVMR)
over laparoscopic ventral mesh rectopexy (LVMR) has not been demonstrated.
In study I, the anatomical results of LVMR (n = 14) and RVMR (n = 16) were compared five
years after surgery in a follow-up of a randomised controlled trial (RCT). The corrected pelvic
floor anatomy was preserved, with no clinically significant differences between the two
procedures based on magnetic resonance (MR) defecography.
Study II was a retrospective multicentre matched pair analyses of functional and quality of life
(QoL) outcomes three years after LVMR (n = 152) and RVMR (n = 152) procedures. The
functional and QoL outcomes were comparative between the two procedures based on diseaserelated symptom questionnaires completed by patients at follow-up. Those who underwent
RVMR had lower anal incontinence symptom scores but suffered more frequent de novo pelvic
pain.
Study III was a prospective pilot study assessing the visualisation, position, and dimensions of
a synthetic iron oxide-impregnated polyvinylidene fluoride (PVDF) MR-visible mesh three
months after minimally invasive VMR (n = 8). T1-weighted flash and T2-weighted sagittal images
provided the best visualisation of the mesh in magnetic resonance imaging (MRI).
Study IV was a retrospective multicentre study assessing the utility of minimally invasive redo
ventral rectopexy in ERP and IRP patients (n = 43) three years after revisional surgery. The miniinvasive redo VMR appeared to be a safe and effective procedure with acceptable rates of
recurrence, reoperations, and complications. Patients with ERP reported postoperative defecatory
symptom relief more often compared to patients with IRP.
As a conclusion from these four sub-studies, the long-term anatomical, functional, and QoL
outcomes are mainly comparable between LVMR and RVMR procedures. The minimally
invasive redo VMR appeared to be a safe and effective procedure, with acceptable recurrence,
reoperation, and complication rates.

Keywords: laparoscopy, polyvinylidene fluoride, rectal prolapse, reoperation, robotic
surgical procedures, ventral mesh rectopexy

Laitakari, Kirsi, Ventraalisen rektopeksian pitkäaikaistulokset.
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Acta Univ. Oul. D 1623, 2021
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä
Tähystyskirurginen peräsuolen ripustusleikkaus, ventraalinen rektopeksia, on yleisesti käytetty
peräsuolen esiinluiskahduksen, rektumprolapsin, ja suolentuppeuman kirurginen hoito. Huolimatta robottiavusteisen tekniikan mahdollisista hyödyistä kolmiulotteisen leikkausnäkymän ja
kääntyväkärkisten instrumenttien myötä, robottiavusteisen menetelmän ylivertaisuutta laparoskooppiseen rektopeksiaan verrattuna ei ole osoitettu.
Ensimmäisessä osatyössä laparoskooppisen (n = 14) ja robottiavusteisen (n = 16) ventraalisen rektopeksian anatomisia tuloksia verrattiin viisi vuotta leikkauksen jälkeen satunnaistettuun
kontrolloituun tutkimukseen osallistuneiden potilaiden pitkäaikaisseurannassa. Magneettitutkimukseen perustuen anatominen leikkaustulos säilyi, eikä leikkaustekniikoiden välillä todettu
kliinisesti merkittäviä eroja.
Toinen osatyö oli retrospektiivinen parivertailututkimus laparoskooppisen (n = 152) ja robottiavusteisen (n = 152) ventraalisen rektopeksian toiminnallisista ja elämänlaatutuloksista kolme
vuotta leikkauksen jälkeen. Leikkaustekniikoiden toiminnalliset ja elämänlaatutulokset olivat
toisiinsa verrattavia. Robottileikkausryhmässä ulosteinkontinenssioirepisteet olivat alhaisemmat, mutta uusia lantion kipuja ilmeni laparoskooppista ryhmää enemmän.
Kolmas osatyö oli prospektiivinen pilottitutkimus, jossa arvioitiin synteettisen rautaoksidikyllästetyn polyvinyylideenifluoridiverkon (PVDF) kuvautumista kolme kuukautta tähystyskirurgisen ventraalisen rektopeksian (n = 8) jälkeen. Verkko kuvautui parhaiten T1-painotteisissa
flash ja T2-painotteisissa sagittaali-suunnan magneettikuvissa.
Neljäs osatyö oli retrospektiivinen monikeskustutkimus uusintarektopeksialeikkauksen (n =
43) hyödyllisyydestä kolme vuotta operaation jälkeen. Uusintarektopeksia näytti olevan turvallinen ja tehokas toimenpide, jonka komplikaatio-, uusintaleikkaus- ja prolapsin uusiutumismäärät
olivat hyväksyttäviä. Ulostusoireet lievittyivät rektumprolapsipotilailla useammin kuin suolentuppeumapotilailla.
Yhteenvetona todettakoon, että laparoskooppisen ja robottiavusteisen ventraalisen rektopeksian pitkän aikavälin anatomiset, toiminnalliset ja elämänlaatutulokset ovat pääosin toisiinsa verrattavissa. Tähystyskirurginen uusintarektopeksia näyttää olevan turvallinen ja tehokas toimenpide, jonka komplikaatio-, uusintaleikkaus- ja prolapsin uusiutumismäärät ovat hyväksyttäviä.

Asiasanat: peräsuolen esiinluiskahdus, polyvinyylideenifluoridi, robottiavusteiset
leikkaukset, uusintaleikkaus, vatsaontelontähystys, ventraalinen rektopeksia
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1

Introduction

Rectal prolapse (RP) can manifest as an external (ERP) or internal rectal prolapse
(IRP). In ERP, the mucosal layer or a full-thickness rectal wall protrudes outside
the anus (Jones, Cunningham, & Lindsey, 2011), while IRP is defined as a fullthickness invagination of the rectal wall at the level of the anus without any visible
exteriorisation (Karulf, Madoff, & Goldberg, 2001; Weiss & McLemore, 2008;
Wijffels, Collinson, Cunningham, & Lindsey, 2010). RP can occur in both women
and men, although up to 90% of adult patients are women (Kairaluoma &
Kellokumpu, 2005). The incidence of ERP in the Finnish population has been
reported to be 2.5/100 000 per year (Kairaluoma & Kellokumpu, 2005). RP is
associated with debilitating symptoms such as obstructed defecation (OD), faecal
incontinence (FI), and pelvic pain.
Surgical management remains the only curative option for RP. Laparoscopic
ventral mesh rectopexy (LVMR), developed by D’Hoore et al., represents the most
recent advancement in the field of RP surgery (D'Hoore, Cadoni, & Penninckx,
2004; D'Hoore & Penninckx, 2006). Compared to traditional procedures, in this
technique, the rectum is mobilised only anteriorly instead of posterior dissection.
This avoids rectal denervation and reduces the risk of postoperative new-onset
constipation (D'Hoore & Penninckx, 2004).
Robotic surgery provides several potential technical advantages compared to
the conventional laparoscopic technique. The surgical view is three-dimensional
(3D) with a binocular magnification viewer, and the robotic arms have joints,
allowing the free and intuitive tremor-filtrated movement of instruments (Ayav,
Bresler, Hubert, Brunaud, & Boissel, 2005; Heemskerk, Zandbergen, Maessen,
Greve, & Bouvy, 2006; Maeso et al., 2010).
Both LVMR and robotic ventral mesh rectopexy (RVMR) techniques have
been proven to be safe and effective procedures (Brunner, Roth, Gunther,
Grutzmann, & Matzel, 2018; Mäkelä-Kaikkonen, J. et al., 2014; Mehmood et al.,
2014). In addition, the outcomes in terms of intraoperative and postoperative results
as well as complication and recurrence rates are comparable between the techniques
(Mäkelä-Kaikkonen et al., 2014; Mäkelä-Kaikkonen, J. K. et al., 2016b; van Iersel,
Paulides et al., 2016b; van Iersel, de Witte et al., 2016a; Wong, Meurette, Rigaud,
Regenet, & Lehur, 2011). However, the comparative results are based on small
patient populations and a relatively short follow-up time. In addition, to date, only
one trial with two published studies performed in a randomised setting has been
carried out (Mäkelä-Kaikkonen, J. et al., 2016a; Mäkelä-Kaikkonen et al., 2016b).
17

Good anatomical pelvic floor restoration has been demonstrated after LVMR and
RVMR operations (Mäkelä-Kaikkonen et al., 2016a). However, there are no studies
demonstrating the long-term preservation of the corrected anatomy. Regarding
short-term functional outcome, no true robust difference between the two
procedures has been found. Thus, comparative studies of the RVMR and LVMR
procedures in terms of long-term functional outcomes and quality of life (QoL)
have been lacking.
The best imaging modality to show corrected pelvic floor anatomy after VMR
is a magnetic resonance imaging (MRI) scan. However, the position of the
conventional mesh cannot be continuously seen. There are no guidelines for
surgical treatment in the case of unsuccessful minimally invasive VMR, and the
evidence of the utility of redo VMR is lacking.
Our aim was to explore whether RVMR leads to a better long-term outcome
compared to LVMR in terms of anatomy correction and preservation, functional
results, and QoL. In addition, we evaluated the visualisation of a synthetic MRvisible mesh after minimally invasive VMR and explored the utility of redo VMR
surgery.
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2

Review of the literature

2.1

Rectal prolapse surgery history

RP was first mentioned in the Ebers Papyrus dating back to 1500 BC. At that time,
the focus of attention was to keep the prolapse from appearing instead of addressing
the cause of prolapse. The ancient Greeks used a treatment method of shaking a
patient by the heels upside down until the protruding prolapse returned to its place.
In addition to this, ancient Egyptian physicians utilised laxatives, enemas, and
honey-containing suppositories to treat the condition. In the period 400–500 BC,
Hippocrates and his colleagues studied and described RP within the ‘Corpus
Hippocraticum’, favoring non-surgical approaches such as anti-haemorrhagic and
pain-killing poultices, certain defecation positions, and manual retraction
(Tsoucalas, Papaioannou, Papatheodoridis, & Karamanou, 2017).
After the Middle Ages, new and more detailed information on the anatomy of
the colon, rectum, and anus was obtained from cadaver dissections. Until that point,
there had been only speculations about the cause of prolapse (Karulf et al., 2001).
The first documented surgical operation for RP was performed in 1831 by
Frederick Salmon (Salmon, 1831), who excised a mucous part of the prolapsed
rectum. Over the following years, different surgical procedures for RP treatment
were introduced, including amputation of the prolapsed rectum,
thermocauterisation of the mucous membrane, and strengthening the anus with a
silver wire (Gabriel, 1948; Wu, 2009). In 1890, the first suspension and fixation of
the colon – colopexy – was performed (Wu, 2009).
During the 20th century, more effective abdominal and perineal procedures for
RP repair were developed with a trend towards minimally invasive operations. In
addition, functional results, long-term outcomes, and recurrence rates were
considered for the first time. In 1900, Edmond Delorme presented an operation
with rectal mucosa stripping and anastomosis of the mucosal edges (Wu, 2009) and
later added muscularis propria plication, nowadays referred as Delorme’s
procedure. Rectopexy from the abdominal approach was first performed by
Kümmell in 1919 (Wu, 2009). In this procedure, the rectum was pulled up and
fixated to the anterior region of the sacral promontory. In 1923, Gant used the
ligation and excision of multiple areas of the prolapsed rectum mucosa with good
results, and this procedure, mucosal plication, with modifications, is still in use in
certain countries within the treatment procedures of RP (Wu, 2009).
19

In 1926, the first pelvic floor repair was introduced, via a perineal approach,
by Maes and Rives (Maes & Rives, 1926). In their procedure, a few sutures are
placed to approximate the anterior levator ani, plicate and suspend the rectum, and
close the cul-de-sac. In the first abdominal approach to pelvic floor reconstruction,
in 1938, Mayo’s procedure (Mayo, 1938) utilised strips of fascia lata to form a new
pelvic floor. In 1947, the first transabdominal rectopexy with prosthesis was carried
out (Orr, 1947), following popular technique modifications such as Well’s
procedure and the Ripstein technique (Ripstein, 1952; Wells, 1959). At the same
time, Altemeier popularised perineal rectosigmoidectomy by amputating the
prolapsed rectum, a procedure still in use and carrying his name (Altemeier,
Giuseffi, & Hoxworth, 1952).
The first laparoscopic-assisted rectal prolapse repair with synthetic mesh was
reported in 1992 (Berman, 1992), and few years later, Reissman introduced
laparoscopic-assisted perineal rectosigmoidectomy (Reissman, Weiss, Teoh, Cohen,
& Wexner, 1995). Sander and colleagues established perineal rectosacropexy in
1999 (Sander, Vural, & Unal, 1999). Following this, a new technique that spares
the hypogastric and pelvic autonomic nerves was introduced by Silvis (Silvis et al.,
1998), later modified and popularised by D’Hoore and colleagues as ventral
rectopexy (D'Hoore et al., 2004). In the same year, the first cases of robotic-assisted
rectopexy using the da Vinci system were established by Munz (Munz et al., 2004).
The main events in the evolution of RP surgery are presented in Figure 1.
2.2

Classification

2.2.1 Internal rectal prolapse
IRP is defined as a full-thickness invagination of the rectal wall for more than 2 cm
at the level of the anus without any visible exteriorisation (Karulf et al., 2001; Weiss
& McLemore, 2008; Wijffels et al., 2010). It occurs usually at the level of the pouch
of Douglas approximately 8–10 cm from the anus, and is associated with the events
that increase intra-abdominal pressure (e.g. straining and defecation).

20
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1938 Mayo: abdominal
pelvic floor repair

1919 Kümmel: Abdominal
rectopexy

1926 Maes & Rives:
perineal pelvic floor repair

2004 Munz: robot‐assisted
laparoscopic ventral
rectopexy

2004 D´Hoore: laparoscopic
ventral mesh rectopexy

1952 Altemeier: perineal
rectosigmoidectomy

1992 Berman: laparoscopic‐
assisted rectal prolapse repair

1947 Orr: first mesh
rectopexy

Fig. 1. The timeline of rectal prolapse surgery with the most important events.

1831 Salmon: rectal
prolapse operation

1500 BC Rectal prolapse
recognized

1990 Delorme: mucosa
stripping and plication

The severity of IRP can be graded according to the Oxford Rectal Prolapse Grading
Scale (Collinson, Cunningham, D'Costa, & Lindsey, 2009). This evaluation system
is based on the radiological identification of the lowest point of the intussusception
in relation to the rectum, rectocele, and anal canal. IRPs can be subdivided to grades
1 and 2 (high and low recto-rectal intussusception) and grades 3 and 4 (high and
low recto-anal intussusception). Grade 5 is ERP. The high anal, low anal, and ERP
(grades 3–5) are considered clinically relevant prolapses. The IRP grading
according to the Oxford Rectal Prolapse Grading Scale is presented in Figure 2 and
Table 1.
Two different theories have been described for the natural progression of IRP.
The first hypothesis is that IRP is a secondary condition caused by different pelvic
floor abnormalities associated with chronic straining and altered rectal motility and
hyposensitivity (Christiansen, Zhu, Rasmussen, & Sørensen, 1992; Hotouras, A. et
al., 2013). The second theory proposes that IRP is a primary condition that
progressively leads to a development of full-thickness ERP (Wijffels et al., 2010).
However, this hypothesis was not supported in two small observational studies,
with 36 and 38 patients, in which the progression of IRP to ERP was rarely seen
(Choi et al., 2001; Mellgren, Schultz, Johansson, & Dolk, 1997).

Fig. 2. Oxford radiological grading of rectal prolapse (Collinson et al., 2009). Published
with permission from John Wiley and Sons.
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Table 1. Oxford radiological grading of rectal prolapse (Collinson et al., 2009). RI; rectal
intussusception. Published with permission from John Wiley and Sons.
Grade of rectal prolapse

Radiological characteristics of rectal prolapse

Internal (RI)
I (high rectal)

Descends no lower than proximal limit of the rectocele

II (low rectal)

Descends into the level of the rectocele, but not into sphincter / anal canal

III (high anal)

Descends onto sphincter / anal canal

IV (low anal)

Descends into sphincter / anal canal

External (ERP)
V (overt rectal

Protrudes from anus

prolapse)

2.2.2 External rectal prolapse
In ERP, the mucosal layer or a circumferential, full-thickness rectal wall protrudes
outside the anus (Jones et al., 2011). Mucosal prolapse, in which only the rectal or
anal mucosa protrudes outside, should be distinguished from full-thickness RP
(Felt-Bersma & Cuesta, 2001; Karulf et al., 2001).
2.3

Incidence and risk factors of rectal prolapse

RP can occur in both women and men, but up to 80–90% of the adult patients are
women (Kairaluoma & Kellokumpu, 2005; Madiba, Baig, & Wexner, 2005;
Marceau, Parc, Debroux, Tiret, & Parc, 2005). The incidence of ERP in the Finnish
population has been reported to be 2.5/100 000 per year (Kairaluoma &
Kellokumpu, 2005). In women, the peak incidence of ERP is in the seventh decade
of life, but male patients are generally under 40 years (Bordeianou et al., 2017;
Yoon et al., 2000).
Several risk factors for RP have been identified. These include female gender,
vaginal delivery, multiparity, and menopause (Jones et al., 2011; Karasick &
Spettell, 1999). In contrast to this, 20–30% of patients with IRP are nulliparous or
men (Wijffels et al., 2010). With these patients, the etiological background is more
complex. The factors likely to be involved include connective tissue disorders with
loose sacral attachment of the rectum, colonic dysmotility, increased intraabdominal pressure, and certain anatomic features, such as a wide pelvis, a deep
Douglas pouch, and the absence of Denonvilliers’ fascia (Dvorkin, Knowles, Scott,
Williams & Lunniss, 2005a; Marshman, Percy, Fielding, & Delbridge, 1987; Yoon
et al., 2000). The etiological factors that also predispose one to RP include age,
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constipation and other chronic defecatory disorders, previous pelvic surgery, and
certain anatomical defects and disorders (e.g. anal sphincter weakness, levator ani
diastasis, sigmoid colon redundancy, laxity of pelvic muscles, and mesorectum) as
well as certain neurological or psychiatric conditions (Madiba et al., 2005; Marceau
et al., 2005; Wijffels et al., 2010).
2.4

Diagnosis of internal and external rectal prolapse

2.4.1 Symptoms and clinical evaluation
Symptoms associated with IRP and ERP
Both IRP and ERP can occur independently or in association with certain
debilitating symptoms and disorders. Patients with IRP may report OD symptoms
and a feeling of obstruction in the anal canal due to rectal invagination, leading to
incomplete evacuation (Wijffels, Jones, Cunningham, Bemelman, & Lindsey,
2013). Increasing grades of IRP are not associated with increasing symptoms of
OD (Hawkins et al., 2016). IRP may also cause FI, whose severity seems to be
related to the increasing grade of prolapse (Hawkins et al., 2016; Tsunoda et al.,
2016). IRP is frequently associated with a concomitant rectocele and/or enterocele
(Dvorkin et al., 2005b; Podzemny, Pescatori, & Pescatori, 2015), which may
predispose an individual to functional disorders.
IRP may also be a common proctography finding in asymptomatic individuals
diagnosed in up to 50% of normal volunteers (Shorvon, McHugh, Diamant, Somers,
& Stevenson, 1989). However, in patients with associated symptoms, IRP detected
in proctography is usually deeper and often involves the entire circumference of
the rectum (Dvorkin et al., 2005b; Pomerri, Zuliani, Mazza, Villarejo, & Scopece,
2001).
Some degree of pain, rectal bleeding, and decreased QoL is common, affecting
up to 100% of ERP patients (Bordeianou et al., 2008). Approximately 50–75% of
ERP patients present FI and 25–30% urinary incontinence (Bordeianou et al., 2008;
Varma et al., 2011). Constipation affects approximately 25–50% and mucous
diarrhoea 15–35% of ERP patients (Schultz, Mellgren, Oberg, Dolk, & Holmström,
1999; Schultz, Mellgren, Dolk, Johansson, & Holmström, 2000; Senagore, 2003).
In addition, associated descents of other pelvic organs (e.g. rectocele, uterine, or
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vaginal prolapse; cystocele, urethrocele, or enterocele) may be identified
(González-Argenté et al., 2001; Madiba et al., 2005).
Symptom severity assessment
At the time of diagnosis, a careful history of the patient’s symptoms should be
obtained, focusing on OD, faecal and urinary incontinence, and sexual function
(Bordeianou et al., 2017; Mercer-Jones et al., 2014). There are several different
questionnaires for FI and OD symptom assessment, and according to the Dutch
guidelines, the recommended questionnaires for clinical assessment and research
work are easy to use, they evaluate the severity of symptoms, and they are validated
for the population and statistical analyses (van der Schans, E. M., Paulides, Wijffels,
& Consten, 2018). FI symptoms can be assessed by using the Fecal Incontinence
Quality of Life Scale (FIQL) (Rockwood et al., 2000; 't Hoen, Utomo, Schouten,
Blok, & Korfage, 2017), the Fecal Incontinence Severity Index (FISI) (Rockwood
et al., 1999; 't Hoen et al., 2017), the Vaizey-questionnaire (Vaizey, Carapeti, Cahill,
& Kamm, 1999) and/or the Wexner score (Jorge & Wexner, 1993). There are
several questionnaires available to assess the severity of OD and constipation,
including the Cleveland Clinic Constipation Score (CCCS) also known as the
Wexner constipation score (Agachan, Chen, Pfeifer, Reissman, &Wexner, 1996),
the obstructed defecation syndrome (ODS) score (Altomare et al., 2008), and The
Patient Assessment of Constipation Quality of Life questionnaire (PAC-QOL)
(Marquis, De La Loge, Dubois, McDermott, & Chassany, 2005) and The Patient
Assessment of Constipation symptom score (PAC-SYM) (Frank, Kleinman, Farup,
Taylor, & Miner, 1999).
Clinical evaluation of IRP and ERP
Preoperative examination should exclude other gynaecological and colorectal
pathologic conditions. Colonoscopy is recommended, especially in patients with
RP and coexisting rectal blood loss (van der Schans, E. M. et al., 2018). An
associated solitary rectal ulcer may be identified (Evans, Ong, Jones, Cunningham,
& Lindsey, 2014). If the patient has OD symptoms or constipation,
recommendations are to perform anorectal manometry, defecography imaging,
dynamic MRI, or a colonic transit time study (Gallo et al., 2018). In a case of FI,
endoanal ultrasound and/or anorectal manometry are recommended (Gallo et al.,
2018).
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If a prolapse cannot be seen during a physical examination, fluoroscopic
defecography, MRI defecography, or balloon expulsion testing may give additional
information. In defecography, possible coexisting pelvic floor defects, such as
cystocele, vaginal vault prolapse, and enterocele can be diagnosed (Bordeianou et
al., 2017) and symptoms associated with these pelvic floor defects should be noted
in the planning of surgical treatment.
In ERP patients, anoperineal examination provides information, in addition to
obvious RP detection, on the severity of the prolapse (Gallo et al., 2018). The
external protrusion of the rectum is seen either directly or after straining
manoeuvres (Bordeianou et al., 2014). The measurement of the maximal external
protrusion and the assessment of the replacement of the prolapse may guide the
choice of appropriate surgical treatment (Gallo et al., 2018; Varma et al., 2011). If
a prolapse is irreducible, the patient has a risk for rectal strangulation or
incarceration.
Anal sphincter integrity and action can be examined by an anal ultrasound to
detect pathological conditions such as morphological alterations, sphincter
discontinuity, scars, anal hypotonia, and patulous anus (Dvorkin et al., 2004; Woods,
Voyvodic, Schloithe, Sage, & Wattchow, 2003). Patients with bladder function
disorders may benefit from urodynamic studies and urogynaecologic examination
(Lim, Sagar, Gonsalves, Thekkinkattil, & Landon, 2007; Sagar et al., 2008).
2.4.2 Magnetic resonance imaging
The female pelvic floor can be topographically divided into the following three
compartments: the anterior (supporting the bladder and urethra), the middle
(supporting the vagina and uterus), and the posterior (anorectal) compartments
(Law & Fielding, 2008). Weakness in the area of any compartment is usually
generalised, and several pelvic floor defects may arise simultaneously (Maglinte,
Kelvin, Fitzgerald, Hale, & Benson, 1999; Olsen, Smith, Bergstrom, Colling, &
Clark, 1997). Therefore, evaluation and imaging of the entire pelvic floor are
recommended when diagnosing pelvic floor disorders (Maccioni & Alt, 2018).
Dynamic MRI is a tool for assessing pelvic floor disorders and grading POP,
especially in the posterior compartment (Maccioni, 2013). It provides excellent
morphological and functional display of the pelvic floor in one examination
without radiation (Boyadzhyan, Raman, & Raz, 2008; Colaiacomo et al., 2009;
Law & Fielding, 2008; Woodfield, Krishnamoorthy, Hampton, & Brody, 2010).
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The static images give information about structural abnormalities, while the
dynamic imaging material shows functional disorders.
MR defecography can be performed with the patient either in a supine position
in a closed-magnet device or sitting in an open-magnet machine. While defecation
in the supine position is not physiological, the reliability of the imaging technique
has been questioned (Roos et al., 2002). Although the sitting position gives more
physiological and functional defecation evaluation, the images provided from the
use of an open-magnet device have lower soft-tissue resolution as well as a lower
signal-to-noise ratio (Law & Fielding, 2008). According to comparative studies of
open versus closed magnets, the results are in good concordance (Bertschinger et
al., 2002). MR defecography is therefore usually performed in a closed-magnet
system.
The European Society of Urogenital Radiology (ESUR) and the European
Society of Gastrointestinal and Abdominal Radiology (ESGAR) working group of
experts have given guidelines for MRI in examining pelvic floor dysfunction (El
Sayed et al., 2017). Detailed instructions for preparation are given to the patient,
and the examination is performed according to recent recommendations. The
bladder should be moderately full, and the rectum is distended with ultrasound gel
to enable the evaluation of evacuation and clear identification of IRP (El Sayed et
al., 2017). The examination is considered diagnostic only if adequate pelvic stress
during straining and the evacuation of the rectal gel during defecation are achieved.
The MR defecography is recommended to be performed with at least a 1.5 T
magnet device (El Sayed et al., 2017).
MRI interpretation
The pubococcygeal line (PCL) is the recommended reference line for measuring
and staging POPs (El Sayed et al., 2017). It is drawn on the sagittal plane from the
inferior border of the pubic symphysis to the last coccygeal joint (Yang, Mostwin,
Rosenshein, & Zerhouni, 1991). Presentation of the metric measurements at rest
are presented in Figure 3.
The perpendicular distance from the reference points to the PCL is measured
at rest and at maximum strain (El Sayed et al., 2017). In the anterior compartment,
the reference point is the most inferior aspect of the bladder base. In the middle
compartment, the reference point is the anterior cervical lip (or the vaginal vault in
patients who have undergone previous hysterectomy). In the posterior compartment,
the reference point is the anterior aspect of the anorectal junction (El Sayed et al.,
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2017). Values above the reference line have a minus sign and values below a plus
sign.

Fig. 3. Presentation of the metric measurements on sagittal plane at rest (Maccioni &
Alt, 2018). (a) The reference points are marked according to the PCL. This image at rest
presents all reference points in a normal location without protrusion or descent. (b) The
hiatus at rest presents with a normal width and is located in a normal position according
to the PCL without descent (M-line). PCL – pubococcygeal line, B – bladder neck, C –
anterior cervical lip, P – pouch of Douglas, ARJ – anorectal junction, H-line hiatal width,
M-line hiatal descent. Reproduced from Diagnostic Imaging – IDKD Book [Internet].
IDKD International Diagnostic Course Davos. Published with permission from the
Creative Commons Attribution 4.0 International License (http://creativecommons.org/
licenses/by/4.0/).

The recommended grading system for rectal descent in the posterior compartment
ranges from °0 (up to +3 cm below the PCL) to °II (more than +5 cm below the
PCL) (El Sayed et al., 2017). An IRP is commonly only visible at the end of the
defecation phase, when the gel is evacuated. Peritoneocele, enterocele, and
sigmoidocele are defined if the pelvic peritoneal sac herniates to the pouch of
Douglas and contains fat, small-bowel loops, or sigmoid colon (El Sayed et al.,
2017).
Cystoceles and uterine descent in the anterior and middle compartments are
recommended to grade from °0 (up to +1 cm below the PCL) to °III (more than
+6 cm below the PCL) (El Sayed et al., 2017). Rectocele, the bulging of the anterior
rectal wall, should be reported as ranging from °0 (no outpouching) to °III
(outpouching at least 4 cm) (El Sayed et al., 2017).
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The reporting of pelvic organ mobility (POM), which is defined as the
movement of the organs compared to their location at rest, can give more valuable
information than a grading system alone (Alt et al., 2014).
POPs are often associated with pelvic floor relaxation, which can be evaluated
with the length of the hiatus (H-line, extending from the inferior point of the pubic
bone to the posterior wall of the rectum), the descent of the levator plate (M-line),
and the levator plate angle at rest and during maximal straining (El Sayed et al.,
2017).
2.5

Surgical management for rectal prolapse

2.5.1 Surgical treatment for IRP
According to recent recommendations, indications for surgical intervention for IRP
include grade 3–4 IRP with coexisting symptoms of OD and/or FI (Mercer-Jones
et al., 2014; van der Schans, E. M. et al., 2018). Conservative treatment is
recommended in all cases as an initial therapy, including diet, medication,
techniques to improve evacuation, bowel training programmes, and biofeedback
therapy as well as anal tampons and anal cubes for patients suffering from FI. IRP
followed by painful rectal ulcer can be considered at least a relative indication for
surgical treatment (Mercer-Jones et al., 2014; van der Schans, E. M. et al., 2018).
Certain contraindications for IRP surgery are suggested. Absolute
contraindications for surgery are pregnancy, active proctitis, mental instability, and
dyssynergia of the pelvic muscles (Mercer-Jones et al., 2014; van der Schans, E. M.
et al., 2018). Relative contraindications for surgical treatment for IRP are previous
pelvic radiotherapy, history of inflammatory bowel disease, and pain not related to
solitary rectal ulcer (Mercer-Jones et al., 2014; van der Schans, E. M. et al., 2018).
Regarding perineal procedures, relative contraindications include previous
rectopexy operation (all but Delorme’s operation) and symptoms of urge FI. Within
abdominal surgery for IRP, relative contraindications include severe intraabdominal adhesions, previous endometriosis or diverticulitis, and male patients
with morbid obesity.
As of yet, the agreement on the best surgical treatment for IRP is lacking. The
initial surgical treatment techniques for IRP mirrored those for ERP (Christiansen
et al., 1992; Johnson, Carlsen, Mjåland, & Drolsum, 2003; McCue & Thomson,
1990), resulting in high morbidity rates and poor functional outcomes.
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The surgical procedures for IRP are divided into abdominal and perineal
approaches. Abdominal rectopexy can be performed using open or laparoscopic
approaches or resection or non-resection rectopexy with suturing or mesh insertion.
The most common perineal procedures for IRP are rectal mucosal resection,
Delorme’s operation (Uhlig & Sullivan, 1979), and stapled anal rectal resection
(STARR) (Pescatori, Favetta, Dedola, & Orsini 1997). According to the Dutch
guidelines, perineal surgery can be considered only in situations where a
transabdominal approach is contraindicated (van der Schans, E. M. et al., 2018).
A consensus statement for VMR from 2014 and the 2017 the Dutch guidelines
for RP management recommend LVMR for the surgical treatment of ERP but also
for patients with symptomatic IRP (Mercer-Jones et al., 2014; van der Schans, E.
M. et al., 2018). IRP with a concomitant 3–4 cm complex rectocele and/or an
enterocele could also be well treated with LVMR (Mercer-Jones et al., 2014). These
patients should have debilitating symptoms and failed conservative treatment.
Urological and gynaecological functional symptoms, previous anorectal surgery,
and obstetric history are recommended to be assessed in a multidisciplinary
approach (van der Schans, E. M. et al., 2018).
2.5.2 Surgical treatment for ERP
More than 100 different surgical procedures have been developed to treat ERP
(Williams, Madoff, & Goldberg, 2007; Wu, 2009). Regardless of the procedure,
surgical management is aimed to eliminate the prolapse by either resection or
restoring the pelvic floor anatomy to alleviate possible symptoms of incontinence
and constipation and avoid creating new postoperative bowel dysfunction
symptoms. According to recent recommendations, any patient with ERP should be
considered for surgical intervention (Mercer-Jones et al., 2014; van der Schans, E.
M. et al., 2018).
Surgical correction can be performed either using an abdominal or a perineal
approach. Abdominal procedures, utilising open, laparoscopic, or robotic
techniques, involve the mobilisation and fixation of the rectum to the sacrum
(rectopexy) with or without sigmoid resection. Although resection rectopexy is
associated with the improvement of OD, severe complications can also occur,
including anastomosis leakage (Senapati et al., 2013), and there is no evidence
supporting this procedure as a primary treatment for ERP. Abdominal rectopexy
can be approached either anteriorly or posteriorly, and the bowel suspension can be
performed using sutures and/or a mesh.
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In terms of perineal procedures, Delorme’s operation with rectal mucosa sleeve
resection and Altemeier’s procedure with perineal rectosigmoidectomy are the two
most common. These techniques have similar functional outcomes and recurrence
rates (Senapati et al., 2013). A perineal repair is suggested if a transabdominal
surgery is not feasible (van der Schans, E. M. et al., 2018). Levatorplasty is
recommended (van der Schans, E. M. et al., 2018) to be combined with Delorme’s
procedure to decrease the risk of recurrence (Youssef et al., 2013).
Several factors should be noted when choosing the surgical technique. Patientrelated factors, such as age, sex, comorbidities, the extent of prolapse, and bowel
function, are important to consider for individual treatment planning (Bordeianou
et al., 2014; Williams et al., 2007). In addition, procedure-related factors, such as
surgeon’s preference and familiarity with technique, the extent of procedure,
predicted recurrence rate, and effects on continence and bowel function, might also
have an influence on the choice of procedure (Hrabe & Gurland, 2016; van der
Schans, E. M. et al., 2018; Williams et al., 2007).
It is difficult to compare the outcomes of the procedures because of a limited
number of high-quality studies and the heterogeneity of trial designs. The Cochrane
analysis with 15 randomised trials and 1007 patients was unable to show whether
the abdominal or the perineal technique was most effective in the repair of ERP
(Tou et al., 2015). There were no significant differences in the recurrence rates or
postoperative QoL between the abdominal and perineal approaches. However,
abdominal procedures are generally recommended for young and healthy patients,
whereas perineal procedures tend to be preferred for elderly patients with
significant comorbidity or where general anaesthesia is contraindicated (Hammond
et al., 2007; Tou, Brown, Malik, & Nelson, 2008).
The Italian Society of Colorectal Surgery (SICCR) revealed a consensus
statement of ERP management and treatment in 2018 (Gallo et al., 2018). Perineal
and abdominal approaches were suggested to achieve similar outcomes in terms of
perioperative complications, functional results, recurrence, and QoL. The
American Society of Colon and Rectal Surgeons (ASCRS) have published very
similar clinical practice guidelines (Bordeianou et al., 2017). Traditional posterior
rextopexies were stated to be a primary abdominal procedure for ERP with a strong
recommendation and evidence level. According to both sets of guidelines, perineal
rectosigmoidectomy is an option in cases of contraindicated abdominal surgery as
well as Delorme’s operation for short segment prolapses (Gallo et al., 2018).
Furthermore, ERP patients with OD symptoms should be treated with resection
rectopexy, which is in line with the conclusion of 2015 Cochrane review (Tou et
31

al., 2015). However, European colorectal surgeon experts have given different
kinds of recommendations, which are discussed later in the next section (MercerJones et al., 2014; van der Schans, E. M. et al., 2018).
2.5.3 Laparoscopic ventral mesh rectopexy
LVMR, developed by D’Hoore et al., represents the most recent advancement in
the field of prolapse surgery (D'Hoore et al., 2004; D'Hoore & Penninckx, 2006).
Compared to traditional procedures, in this technique, the rectum is mobilised only
anteriorly instead of in the posterior dissection. This avoids rectal denervation and
reduces the risk of postoperative new onset constipation (D'Hoore & Penninckx,
2004). A recent RCT was the first to provide robust evidence for the superior longterm functional outcome of LVMR compared to posterior sutured rectopexy in
patients with ERP (Hidaka, Elfeki, Duelund-Jakobsen, Laurberg, & Lundby, 2019).
In Europe, LVMR is the most frequently performed surgical procedure for ERP
(Formijne Jonkers et al., 2013a). The 2017 Dutch guidelines of RP management
state that LVMR is the preferred surgical ERP treatment (van der Schans, E. M. et
al., 2018). In a consensus statement of ventral rectopexy, an ERP was stated as a
definitive indication for ventral rectopexy and a symptomatic high-grade IRP as a
relative indication (Mercer-Jones et al., 2014) for LVMR after failed maximal
conservative management. LVMR has shown to be safe even in elderly patients
(Boons, Collinson, Cunningham, & Lindsey, 2010), whom surgeons normally
prefer to operate on using a perineal procedure. According to the clinical practice
guidelines by the committee of the ASCRS, ventral rectopexy has not gained full
acceptance among American general surgeons. They claim that there is limited
evidence of long-term outcomes compared to more traditional procedures
(Bordeianou et al., 2017).
However, some criticism towards the increased use of LVMR has risen of late
(Lundby & Laurberg, 2015). Studies assessing LVMR results compared to other
surgical procedures or conservative treatment are lacking. In terms of IRP-related
OD symptoms, which can be due to dysfunction of the motility and sensitivity of
the rectosigmoid colon, the correlation between pelvic floor anatomy restoration
and improvement in ODS has not been showed. Furthermore, possible mesh-related
complications should always be kept in mind.
With the use of enhanced recovery after surgery (ERAS) protocol, LVMR can
be performed as a day case procedure (Powar, Ogilvie, & Stevenson, 2013) either
laparoscopically or with robot assistance.
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Operative technique as described by D’Hoore
The original technique and operative details of LVMR described by D’Hoore’s are
presented in Figure 4 (D'Hoore et al., 2004; D'Hoore & Penninckx, 2006).
According to this technique, a trocar for a camera is placed at umbilicus followed
with a 12-mm port to the right lower quadrant and 5-mm ports to the left lower
quadrant and to the lateral at right. The patient is set in steep Trendelenburg position.
The uterus retraction is obtained with transparietal sutures through the round
ligaments, and the sigmoid colon is retracted to the left.
Starting at the level of the sacral promontory at right, the peritoneum is
dissected as an inverted J-form along the rectum and extended over the deepest part
of the pouch of Douglas. Denonvilliers’ fascia is incised, and the rectovaginal
septum is dissected down to the pelvic floor.
A synthetic polypropylene mesh is trimmed to size of 17 × 3 cm and sutured to
the ventral side of the distal rectum with non-absorbable sutures. A mesh is fixed
without traction to the sacral promontory with either sutures or an endofascia
stapler. The posterior vaginal fornix or vaginal vault is elevated and sutured to the
mesh with two or more lateral sutures, allowing the closure of the rectovaginal
septum, suspension of middle pelvic floor, and correction of vaginal vault prolapse
or enterocele. Finally, the peritoneum is closed over the mesh.
Over time, some modifications to the original technique may have been
developed according to the surgeon’s preference. The uterus retraction is usually
obtained with sutures through the abdominal wall or broad ligaments. A synthetic
or biological mesh, usually a size of 18–20 cm × 4 cm, is used (Mercer-Jones et al.,
2014). Long-term absorbable sutures for mesh fixation are recommended to use
due to potential risk of erosion when using non-absorbable sutures (Tejedor et al.,
2019). The proximal head of the mesh is secured to the periosteum of the sacral
promontory using sutures, screws, or tacks.
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Fig. 4. Laparoscopic ventral rectopexy as described by D’Hoore (Schiedeck T., Farke S.,
Hetzer F., Marti L., 2018). a) Dissection line from sacral promontory along the right rectal
wall across the pouch of Douglas. b–c) Mesh is sutured to anterior rectal wall and fixed
to sacral promontory. d) Peritoneum is closed over the mesh. Published and modified
with permission from Springer Nature.
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2.5.4 Robot-assisted surgery
Robotic surgery offers several potential technical advantages compared to the
conventional laparoscopic technique. In the Da Vinci Surgical System (Intuitive
Surgical Inc., Sunnyvale, CA, USA), the operating view is improved with a 3D and
binocular magnification viewer. In addition, the robotic arms have joints allowing
540 degrees of intuitive tremor-filtrated, motion-scaled instrument movements
with good surgeons’ ergonomics (Ayav et al., 2005; Heemskerk et al., 2006; Maeso
et al., 2010). Robotic colorectal surgery has shown to have a steeper learning curve
compared to conventional laparoscopy. Bokhari and colleagues (Bokhari, Patel,
Ramos-Valadez, Ragupathi, & Haas, 2011) noted that a higher level of competence
was reached as early as after 15 to 25 operations, whereas in conventional
laparoscopic colorectal surgery, the learning curve was estimated to be after 88–
152 cases (Miskovic, Ni, Wyles, Tekkis, & Hanna, 2012). The potential benefits of
robot-assisted surgery are illustrated in Figure 5.
RVMR has been shown to be a feasible and safe procedure but also more
expensive and time-consuming (Mantoo et al., 2013; Wong et al., 2011).
Heemskerk and colleagues reported costs of 3 673 and 3 116 euros for laparoscopic
and robotic rectopexy, respectively (Heemskerk et al., 2007). In addition, the
acquisition and maintenance costs are over 1.5 million euros. Although the robot
device assistance in VMR is more expensive than LVMR in the short-term, RVMR
seems to be cost-effective in the long term (Mäkelä-Kaikkonen, J. et al., 2019).
This study revealed that the incremental cost-effectiveness ratio for RVMR was
16.7 € / quality-adjusted life years compared to LVMR 5 years postoperatively.
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Fig. 5. Robot-assisted surgery offers instrument joints with 540-degree movements and
a 3D binocular magnification viewer.

2.5.5 Meshes in ventral rectopexy
The rectal suspension can be obtained using either a biological or synthetic
prosthesis. There is hardly any evidence to support mesh selection for LVMR.
According to the available data, the synthetic and biological meshes are equal in
terms of recurrence and mesh-related complications after LVMR (Evans et al., 2015;
Smart, Pathak, Boorman, & Daniels, 2013). In a recent review comparing the
literature on synthetic and biological mesh erosions, low mesh-related erosions
were reported in both groups (1.87% and 0.22%) though a statistically significant
difference was found favouring biological implants (Balla et al., 2017). Although
synthetic grafts are used more often (88.9% vs 11.1%) (Balla et al., 2017), there are
no evidence-based recommendations to support their superiority over biological
implants (Ahmad, Sileri, Franceschilli, & Mercer-Jones, 2012.
In 2011, the US Food and Drug Administration (FDA) published a safety
communication concerning serious complications after transvaginal surgical mesh
placement for POP repair. The purpose of the released communication was to
inform that the mesh-related complications were not rare and that the efficiency of
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mesh use in prolapse surgery is not clear. After this, the US Pelvic Surgeons
Network published a response with disagreements regarding some of the FDA’s
safety communication conclusions (Murphy et al., 2012). In their article, Murphy
and colleagues pointed out the fundamental flaw in the FDA’s analysis that mesh
usage would be superior for all patients. They concluded that surgical meshes are
not suggested for all patients, and in some cases with a high risk of failure, the
potential advantages of a mesh repair may outweigh the risks (Murphy et al., 2012).
Also, in Europe, the Pelvic Floor Society published a position statement on behalf
of the Association of Coloproctology of Great Britain and Ireland on the use of
mesh in ventral rectopexy (Mercer-Jones, Brown, Knowles, & Williams, 2020).
They concluded that the mesh morbidity related to VMR is far lower than in
transvaginal procedures.
Synthetic meshes are absorbable, partial absorbable, or non-absorbable.
Commonly used non-absorbable synthetic meshes are made of polypropylene or
polyester. Polypropylene mesh usage was preferred in LVMR procedures according
to two recent recommendations for LVMR procedures (Mercer-Jones et al., 2014;
van der Schans, E. M. et al., 2018). Lightweight and titanium-coated mesh was
recommended in the consensus report of experts (Mercer-Jones et al., 2014), while
heavyweight meshes were preferable in the Dutch guidelines except for the
potential risk of shrinkage found in hernia surgery study (Conze, Krones,
Schumpelick, & Klinge, 2007). Completely or partial absorbable meshes are not
recommended because of increased risk of recurrence (van der Schans, E. M. et al.,
2018). In addition, polyester implants are suggested to be associated with higher
risk for mesh erosions compared with polypropylene and titanium-coated
polypropylene and are suggested contraindicated (Mercer-Jones et al., 2014; Evans
2015). The pore size of synthetic grafts is noted to be in association with mesh
erosions. Meshes with a pore size > 75 µm are reported to have a lower risk for
mesh erosion in gynaecologic pelvic surgery compared to meshes with smaller pore
size (Nazemi & Kobashi, 2007).
Biologic implants are porcine-derived and either non-cross-linked or crosslinked (Mercer-Jones et al., 2020). They serve as a collagen base for soft tissue
remodelling and regeneration after the degradation of the graft (Ahmad et al., 2012).
The consensus statement on ventral rectopexy recommended considering
biological meshes for patients with young age, diabetes, a smoking history,
previous pelvic radiation, and inflammatory bowel disease (Mercer-Jones et al.,
2014). Also, in cases of intraoperative rectum or vagina injury and for reproductive
aged women, a biological implant was recommended (Mercer-Jones et al., 2014).
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The biological implant could be cost-effective and justified in patients with a
significant fistula formation (Smart et al., 2013) even though the short-term costs
may be higher compared to the use of synthetic mesh due to the more expensive
mesh material (Gouvas et al., 2015). Overall, a synthetic mesh might be a preferable
graft choice in uncomplicated conditions (Smart et al., 2013). According to the
review article by Gouvas and colleagues, the biological implant suggested to be
more difficult to suture to the sacral promontory than a synthetic mesh (Gouvas et
al., 2015). The synthetic and biological meshes are shown to be equal in terms of
recurrence after LVMR (Smart et al., 2013).
There is no clear evidence of the optimal mesh fixation to the rectum or to the
sacral promontory (Formijne Jonkers et al., 2012; Tou et al., 2015). There are no
randomised trials comparing sutures, tacks, and staples.
The radiologic visibility of meshes has gained more interest recently. After
hernia operations, the prosthesis visibility has been found to depend mainly on the
mesh properties, such as density, structure, and thickness, and secondly on the host
inflammatory reaction caused by the implanted graft (Rakic & LeBlanc, 2013).
Polypropylene and polyester hernia meshes are either invisible or poorly visible on
CT or MRI (Rakic & LeBlanc, 2013). Ultrasound has been used to visualise meshes
after sacrocolpopexy (Eisenberg et al., 2014; Eisenberg, Steinberg, Weiner, Schiff,
& Lowenstein, 2017), but the penetration depth and tissue contrast of the device
clearly limit its use for appropriate evaluation. Paramagnetic iron oxide (Fe3O4)
microparticles (0.2 µm) can be integrated into mesh filaments to gain complete
visualisation of the graft in MRI (Krämer et al., 2010). Microparticles are integrated
into PVDF mesh, which has better biocompatibility and textile properties than
polypropylene (Klinge, Klosterhalfen, Ottinger, Junge, & Schumpelick, 2002).
MRI visibility enables non-invasive postoperative evaluation of the mesh’s position
and morphology (Sindhwani et al., 2015).
2.6

Results of LVMR and RVMR

2.6.1 Intraoperative outcome
According to the results of a systemic review and meta-analysis comparing LVMR
and RVMR for ERP and IRP, RVMR had a longer operating time with a statistically
significant difference although the mean weighted difference was only 23 minutes
(Albayati, Chen, Morgan, & Toh, 2019). Conversion rates to open surgery were
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low (RVMR 0.9% and LVMR 2.6%), with no statistically significant difference
between the groups (Albayati et al., 2019). Intraoperative bleeding has shown to be
slightly less in RVMR procedures though the difference has no clinical significance
(Mantoo et al., 2013). Intraoperative mortality has shown to be low, occurring from
0% to 1.1% in LVMR and RVMR operations for ERP and IRP (Consten et al., 2015;
Formijne Jonkers, Poierrie, Draaisma, Broeders, & Consten, 2013b; Mantoo et al.,
2013; Randall, Smyth, McCarthy, & Dixon, 2014). Van Iersel et al. published a
cohort study of 248 robotic operations for ERP or IRP. They reported intraoperative
complications in 1.9% of patients, including two posterior vaginal wall perforations,
one minor bladder perforation, and two mild haemorrhages (van Iersel et al., 2017).
Consten et al published a study of 919 LVMR operations for ERP or IRP with 0.8%
intraoperative complications including two vaginal wall perforations, bleeding
from the left iliac vein in four patients, one small bowel perforation, and one rectum
perforation (Consten et al., 2015).
2.6.2 Short-term outcome
In a recent meta-analysis comparing LVMR and RVMR for IRP or ERP, the length
of hospital stay after RVMR was statistically significantly shorter (-0.36 days)
(Albayati et al., 2019). The pooled complication rates were comparable between
the groups with no statistically significant difference (12.4% for RVMR versus
16.2% for LVMR, respectively) (Albayati et al., 2019).
For LVMR, early postoperative complications have been reported to range
from 7.0% to 12.0%, including haemorrhage, urinary retention, worsening or de
novo urinary incontinence, faecal impaction (rare), male sexual dysfunction (rare),
dyspareunia (uncommon), osteomyelitis of the sacrum, and spondylodiscitis (rare)
(Consten et al., 2015; Mercer-Jones et al., 2014).
After RVMR, early postoperative (< 30 d) major complications, including
bowel obstruction, abscess, and colovesical fistula, occurred in 1.9% of patients
(van Iersel et al., 2017). The risk for minor complications such as urinary tract
infections, pulmonary infections, wound infections, spondylodiscitis,
gastroenteritis, constipation, paralytic ileus, urinary retention, bladder spasm,
pulmonary oedema, hypertension, electrolyte imbalance, and genitofemoral nerve
paraesthesia have been reported to be 7.0% (van Iersel et al., 2017). Late
postoperative (> 30 d) major and minor complications after RVMR occurred in
7.1% and 3.5%, respectively (van Iersel et al., 2017). In the same study by van
39

Iersel, the postoperative (< 60 d) mortality after RVMR for ERP or IRP was 0.4%
(van Iersel et al., 2017).
Both LVMR and RVMR allow good anatomical correction of the pelvic floor
as assessed by MR defecography and the POP-Q method three months
postoperatively, with no difference between the techniques (Mäkelä-Kaikkonen et
al., 2016a; Mäkelä-Kaikkonen et al., 2016b).
2.6.3 Long-term outcome
Only one previous prospective study has compared the long-term functional
outcome following RVMR and LVMR for RP. Mantoo et al. conducted a small
cohort study with 44 RVMR and 74 LVMR performed for various indications and
16 ± 7 months’ follow-up time. Authors reported comparable improvements in the
postoperative Wexner scores between the RVMR and LVMR groups but a greater
reduction in ODS scores after RVMR (Mantoo et al., 2013).
There are several retrospective reports on the long-term results of LVMR and
RVMR separately. Although the outcomes of these cohort studies are not as such
comparable, the results are listed as follows. LVMR for IRP patients has shown to
improve OD 74% and FI 80% in with median follow-up time of 33.9 (Consten et
al., 2015). After LVMR for ERP, a meta-analysis showed the weighted mean rates
of improvement in FI 79% and constipation 71% (Emile et al., 2019). According to
a retrospective study, RVMR performed for ERP or IRP improved OD in 78.6%
and FI in 63.7% of patients in the long term (van Iersel et al., 2017). After LVMR,
de novo OD has been reported in 17.6% and new onset OD in 4.8% of patients
(Auguste, Dubreuil, Bost, Bonaz, & Faucheron, 2006; D'Hoore et al., 2004).
However, following RVMR, de novo OD or constipation have been reported in
6.3% and 0.4% of patients and new onset FI in 3.9% within mean follow-up times
of 37 and 23.5 months, respectively (Postillon et al., 2020; van Iersel et al., 2017).
In a cohort study with 916 patients and a median follow-up time of 33.9 months,
estimated mesh-related complications after LVMR assessed by survival curves and
Kaplan-Meier analysis at 3, 5, and 10 years were 1.5%, 2.9%, and 4.6%,
respectively, though this also included mesh detachment from the sacral
promontory (Consten et al., 2015). According to large multicentre and review
studies, risks for complications related to synthetic meshes is 1.9 to 2.4% (Balla et
al., 2017; Evans et al., 2015). The robotic technique does not seem to reduce this
risk since the Dutch study group reported a 1.3% mesh-related complication rate
after RVMR with synthetic mesh (van Iersel et al., 2017). There are no data
40

available to compare the results after LVMR and RVMR when biological grafts are
used.
To date, the largest cohort study with long-term follow-up on LVMR (n = 919),
by Consten et al., resulted in estimated IRP recurrence rates of 11.1% at the fiveyear follow-up and 14.2% at the 10-year follow-up using the Kaplan-Meier curve
(Consten et al., 2015). A review and meta-analysis on the results of LVMR for ERP
with 1 242 patients, showed a mean ERP recurrence rate of 2.8% (Emile et al.,
2019). In a retrospective study with 258 patients operated with RVMR, the actuarial
recurrence for IRP was 2.6% after one year, 6.3% after three years, and 10.4% after
five years, and for ERP, the recurrence rates were 4.2% after one and 12.9% after
three and five years, respectively (van Iersel et al., 2017). Postillon et al. reported
a comparable recurrence rate of 12.5% following RVMR for ERP with a mean
follow-up of 37 months (Postillon et al., 2020).
2.7

Redo-surgery

The need for redo surgery seems to diminish because of the better techniques and
results of modern primary operations. The estimated recurrence rate for ERP used
to be up to 30% (Senapati et al., 2013), but in a recent review study reporting the
results of LVMR, the recurrence rate was only 2.8% (Emile et al., 2019).
There have been suggested certain patient-related risk factors for recurrence.
Male gender is significantly associated with a high recurrence rate and risk for redo
surgery (Emile et al., 2019, Rautio et al., 2016). The reason for higher recurrence
in men has been assumed to be due to anatomical reasons, such as a narrow android
pelvis (Emile et al., 2019). In addition to male gender, Fu and colleagues found
elderly patients with poorer preoperative continence and prolonged pudendal nerve
terminal motor latency to be at higher risk for ERP recurrence (Fu & Stevenson,
2017).
The reasons for the failure of RP repair are suggested to also associate with
inaccurate operative technique. A recent study with meta-regression analysis
revealed the length of a mesh to be significantly associated with ERP recurrence
rate (Emile et al., 2019). The analysed studies in which a 20-cm mesh was used
reported a 0.9% recurrence rate, whereas the recurrence rate was 5.1% if the meshes
used were 15–17 cm. This observation has not been noted before. The authors
assume that longer mesh enables an appropriate fixation to the sacral promontory,
while the fixation of a shorter mesh produce tension, which might lead to a higher
risk of detachment (Emile et al., 2019). However, the authors also concluded that
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previous surgical technique for prolapse, type of mesh used, operation time,
number of operating surgeons, or conversions to open surgery are not predictive for
the recurrence of ERP (Emile et al., 2019).
Guidelines or consensus for the surgical treatment for recurrent RP are missing.
In addition, only few studies address issues regarding redo surgery for ERP, and
there are no studies on revisional surgery after recurrent IRP. Hotouras et al.
published a review article on surgery for recurrent ERP, including 14 studies and
300 patients comprising various perineal procedures in 144 patients and traditional
abdominal procedures in 158 patients (Hotouras, A. et al., 2015). Complication
rates ranged from 0% to 17% after the perineal and from 0% to 32% after the
abdominal operations. The median follow-up time for patients who underwent the
perineal procedure was 35 months (range 8.8–81 months). After abdominal surgery,
patients were followed from 0 up to 23 years with no reported median time due to
some missing exact data. Recurrence rates varied from 0% to 50% after perineal
redo surgery and from 0% to 15% after abdominal operations.
There are only two published small-numbered studies on the effectiveness of
revisional VMR surgery for recurrent posterior POP (Brunner, Roth, Gunther,
Grutzmann, & Matzel, 2019; Gurland et al., 2017). According to the results of these
studies the risk for complications is 13% to 19%, and there were no mesh-related
complications (Brunner et al., 2019; Gurland et al., 2017). The functional results of
revisional surgery are poorly demonstrated. Brunner et al. reported improved OD
symptom scores, but there was no significant improvement in the constipation or
FI scores after primary abdominal prolapse surgery (Brunner et al., 2019).
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3

Aims of the study

The aims of the present study were as follows:
1.

2.
3.
4.

To compare the correction and preservation of pelvic anatomy five years after
LVMR and RVMR assessed by MR defecography. The second aim was to
compare the functional outcomes after the two procedures.
To assess the impact of the robotic technique for VMR compared with LVMR
on long-term functional outcome and QoL.
To assess the visualisation, position, and dimensions of the synthetic MRvisible PVDF mesh used in minimally invasive VMR.
To assess the technical details, safety, and efficacy of redo minimally invasive
VMR for patients with recurrent ERP or relapsed symptoms of IRP.
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4

Materials and methods

4.1

Patients

Study I was a five-year follow-up of a prospective single centre RCT (MäkeläKaikkonen et al., 2016a; Mäkelä-Kaikkonen et al., 2016b) designed to compare
LVMR with RVMR in the treatment of ERP and IRP. The pilot study was conducted
at Oulu University Hospital in Finland between February 2012 and May 2012.
Female patients aged 18–85 years referred for surgical treatment were enrolled in
the study. Patients with future pregnancy plans, history of major pelvic operation,
suspected frozen pelvis, and American Society of Anesthesiologists (ASA) classes
4–5 were excluded. During the recruitment period, 33 patients were assessed for
eligibility, of which three patients were excluded. A total of 30 patients were
randomly allocated – 16 patients to receive RVMR and 14 patients to receive
LVMR. The patient flow in study I is shown in Figure 6. The primary outcome of
study I was maintenance of the corrected pelvic floor anatomy at five years after
surgery assessed by MR defecography. The secondary outcome was functional
results at five years postoperatively assessed by self-reported symptom
questionnaires completed by the patients.
Study II was a comparative matched pairs study using registry and
questionnaire data to evaluate long-term functional and QoL outcomes after RVMR
and LVMR. The data of consecutive female patients who underwent RVMR
(n = 187) at Oulu University Hospital and LVMR (n = 214) at two central hospitals
(Central Finland Central Hospital and Päijät-Häme Central Hospital) in Finland for
ERP or symptomatic IRP from January 2011 to December 2016 were
retrospectively collected. The patients who underwent RVMR were matched by age
(± 5 years) and diagnosis (ERP or IRP) at a 1:1 ratio to the patients who underwent
LVMR. After matching, a total of 304 patients (152 in each group) were included
in the final analyses. In two subpopulations, matching was performed in addition
to age and diagnosis by indication of 1) incontinence and 2) obstructive defecation
syndrome (ODS)/OD. The only exclusion criterion was a redo rectopexy procedure.
The primary outcome of study II was functional and QoL results assessed with a
disease-related symptom questionnaire completed by the patients. The patient flow
in study II is presented in Figure 7.
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Enrollment

Assessed for eligibility (n = 33)

Excluded (n = 3)
• Not meeting inclusion criteria (n = 2)
• Declined to participate (n = 1)

Randomised (n=30)

Allocation
Allocated to LVMR and received intervention
(n = 14)
(12 intussusceptions, 2 rectal prolapses)

Allocated to RVMR and received intervention
(n = 16)
(12 intussusceptions, 4 rectal prolapses)

Analysis
Analysed (n = 13)
• Excluded from analysis (n = 1) (Protocol
violation, dyssynergic defecation missed in
conventional defecography at the time of
enrollment)

Analysed (n = 16)

Follow-up
at 24-month post op
Lost to follow-up at 24 months (n = 1)
• Declined to follow-up

Analysis
Analysed (n = 12)

Analysed (n = 16)

Follow‐up at 5‐year
post‐op
Lost to follow-up at 5 years (n = 2)
• Declined to follow-up

Analysis
Analysed (n = 14)

Analysed (n = 12)

Fig. 6. Flow chart of study I. Published with permission from John Wiley and Sons.
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Minimally invasive VMR
n = 496

Primary minimally invasive VMR
n = 448

Redo minimally invasive VMR
n = 48

Excluded (n = 47)
- men n = 26
- concomitant rectocele,
solitary rectal ulcer, bulge
feeling, other n = 21

n = 401
Matched for age and diagnosis at
1:1 ratio

Excluded (n = 5)
- concomitant rectocele,
solitary rectal ulcer, bulge
feeling, other n = 5

Excluded due to matching n = 97
Study IV
n = 43
Analysed
Study II
n = 304
Analysed

LVMR
n = 152

RVMR
n = 152

Fig. 7. Flow chart of studies II and IV.
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Study III was a prospective pilot study designed to assess the visualisation, position,
and dimensions of the synthetic MR-visible PVDF mesh used in minimally
invasive ventral rectopexy. Eight consecutive patients with POP were recruited to
LVMR or RVMR from February to April 2018 in Oulu University Hospital. The
primary outcome was the visibility of the mesh in MR defecography sequences
assessed subjectively.
Study IV was a retrospective cohort study conducted to assess the technical
details, safety, and outcomes of redo minimally invasive VMR. Patients excluded
from study II because of redo VMR formed the study population for study IV. The
patient flow of study IV is shown in Figure 7. The primary outcomes were
complication, reoperation, and recurrence rates after redo VMR. The secondary
outcomes were functional results and QoL assessed with a symptom-related
questionnaire.
4.2

Methods

4.2.1 Questionnaires
Pelvic floor dysfunction
FI was assessed with the Wexner score (Jorge & Wexner, 1993) (range 0–20), with
a score over nine regarded as disturbing incontinence symptoms (studies I–IV).
Constipation and OD were evaluated with the ODS score (Altomare et al., 2008)
(range 0–40), with a score over 20 regarded as disturbing constipation (studies I–
IV). The discomfort with incontinence/ODS was measured by the VAS scale (range
0–100, no discomfort to great discomfort) (studies II–IV).
The Pelvic Floor Distress Inventory short-form-20 (PFDI-20) was used to
measure pelvic floor symptoms and their impact on QoL via 20 questions (summary
score 0–300) (study I) (Barber, Walters, & Bump, 2005). It includes Urinary
Distress Inventory with six questions (UDI-6), Pelvic Organ Prolapse Distress
Inventory with six questions (POPDI-6), and Colorectal-Anal Distress Inventory
with eight questions (CRADI-8), each scored 0–100. A change of 45 points (15%)
in PFDI-20 (Barber et al., 2005) and 5 points in CRADI-8 (Jelovsek et al., 2014)
would be considered clinically important.

48

New postoperative and pre-existing symptoms
Patients were asked about new postoperative de novo symptoms, including urinary
incontinence, urinary retention, pelvic pain, loss of sensation in defecation, and
urge (studies II, IV). The change in symptoms existing pre- and postoperative
(urinary incontinence, urinary retention, pelvic pain, POPs) was assessed using the
VAS scale (range 0–100, much worse to much better) (studies II, IV).
Sexual function
The patients were asked about their postoperative satisfaction with their sexual life
via the VAS scale (range 0–100, much worse to much better) (studies II, IV). The
Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire short-form-12
(PISQ-12) measures POP and urinary incontinence symptoms and their impact on
sexual function (range 0–48) (Rogers, Coates, Kammerer-Doak, Khalsa, & Qualls,
2003) (study I).
QoL
The impact of surgery on QoL was assessed using VAS (0–100, much worse to
much better). An answer within the limits of 61–100 was regarded as improvement
in QoL due to the operation (studies II–IV). The limit was chosen by the researchers.
The Pelvic Floor Impact Questionnaire short-form-7 (PFIQ-7) measures pelvic
floor disorders and their impact on QoL (summary score 0–300) (Barber et al.,
2005). It includes the Urinary Impact Questionnaire with seven questions (UIQ-7),
the Colorectal-Anal Impact Questionnaire with seven questions (CRAIQ-7), and
the Pelvic Organ Prolapse Impact Questionnaire with seven questions (POPIQ-7),
each scored 0–100 (study I). A change of 36 points (12%) in the PFIQ-7 (Barber et
al., 2005) and eight points in the CRAIQ-7 (Jelovsek et al., 2014) would be
considered clinically important.
Benefit from surgery
The patients were asked whether they were satisfied with the operation
(yes/no/cannot say) (studies II–IV). The change in symptoms due to the operation
was measured by the VAS scale (range 0–100, much worse to much better). An
answer within the limits of 61–100 was regarded as a successful effect of the
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operation on symptom relief (studies II–IV). The limit was chosen by the
researchers.
4.2.2 Clinical evaluation of pelvic floor
The clinical evaluation of the pelvic floor included the assessment of POP using
the International Continence Society Pelvic Organ Prolapse Quantification (ICS
POP-Q) system (Figure 8). Point A is 3 cm proximal to the hymen, point B is the
most bulging/distal edge, point C is the most distal edge of the cervix or vaginal
cuff scar, and point D is the posterior fornix. The measures were taken in rest and
maximum straining in the lithotomy position. The POP-Q prolapse stages were not
included in the evaluation (study I).

Fig. 8. A diagrammatic representation of POP-Q staging (Rosati, Bramante, Bracale,
Pignata, & Azioni, 2013). Published with permission from JSLS and the Society of
Laparoscopic Surgeons.

4.2.3 MR defecography
Study I
MR defecography was performed using a 1.5 T magnet device (Optima MR450w;
General Electric Healthcare, Chicago, Illinois, USA). Before the study, the rectum
was filled with 200 ml of gel (Resource® Thickenup instant thickener; Nestle®,
Vevey, Switzerland) using a rectal catheter. A phased array body coil was used
while the patient was lying supine in the magnet. A dynamic FIESTA sequence was
obtained (TR 5.2 ms, TE 2.1 ms, matrix 256 × 256, field of view 33 cm, slice
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thickness 6 mm). A mid-sagittal plane was defined, and dynamic images were
obtained during squeeze, after which the patient was asked to evacuate. Images
were repeatedly obtained during the evacuation until it was evident that proper
straining had been performed multiple times. Each dynamic sequence lasted 54
seconds.
The MR images obtained at the three-month and five-year follow-up visits
were assessed visually for intussusception, RP, rectocele, and enterocoele. A
rectocele was measured as the depth of wall protrusion exceeding the expected
margin of the normal rectal wall. A rectocele of ≥ 20 mm was considered to be
clinically relevant, and this size limit was used in the analysis.
The anatomical landmarks for assessing the MRI scans were the most distal
part of the bladder for the anterior compartment, the cervix, or the leading edge of
the vaginal cuff (for patients after hysterectomy) for the middle compartment, and
the anorectal junction for the posterior compartment. From the PCL, a
perpendicular line was drawn to the anatomical landmarks, and the distance was
measured in millimetres. Mid-sagittal sequences at rest and at maximum straining
were used to measure POP at each landmark. The MR images taken at both followup visits were assessed using the PCL as reference. POM was measured as the
differences between the distances between each anatomical landmark (anorectum,
apex, and bladder) at rest and at maximum straining.
The HMO system was used to assess the degree of pelvic relaxation. The Hline (the distance from the inferior border of the pubic symphysis to the posterior
anorectal junction) (Comiter, Vasavada, Barbaric, Gousse, & Raz, 1999) was
assessed as the anteroposterior width of the levator hiatus. The M-line (the hiatal
descent) was measured perpendicularly from the PC-line to the posterior end of the
H-line. Abnormal pelvic relaxation was considered present when the H-line
exceeded 6 cm, and the M-line exceeded 2 cm.
One radiologist (EP) assessed the MRI findings three months after surgery; the
imaging at five years was evaluated in consensus by two radiologists (EP, IK). Both
radiologists were blinded to the clinical data and the operative technique used.
Study III
MRI was performed by a 3 T magnet (Siemens, Vida, Erlangen, Germany). The
patients were asked to empty their bladder before imaging. No other patient
preparation was used. Patients were lying supine in the magnet. A body matrix
surface coil was used in addition to the posterior spine coil. T2-weighted sagittal,
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coronal, and transverse images were obtained (TR 3720–6100, TE 81–90, sagittal
and coronal FOV 230, transverse FOV 200, 3-mm slice, 0.6-mm gap, sagittal and
coronal matrix 256 × 320, transverse matrix 544 × 640). Breath-hold transverse
T1-weighted vibe Dixon (TR 4, TE 1.3 and 2.5, FOV 309 × 380, 3-mm slice,
195 × 320 matrix) and T1-weighted (TR 129, TE 2.5, FOV 333 × 380, 3-mm slice,
210 × 320 matrix) flash images were also obtained. The total time of the
examination was 30–35 min.
The visibility of the mesh in each sequence was assessed subjectively. Scores
from 1 to 4 were used. A score of 1 was given to image series if the mesh was
visible in all slices. Scores of 2, 3, and 4 were given if the visibility was ≥ 3/4, ≥ 1/2,
or < 1/2 of the slices, respectively.
The position of the lower insertion point according to the anorectal junction
was assessed as well as the insertion point to the levator muscle on each side. The
length of insertion to the anterior rectal wall was measured. The width of the mesh
was measured at the lower insertion point, at the highest insertion point in the
rectum, and at the higher insertion point in the promontorium. Also, the narrowest
part of the mesh was measured as well as its distance from the highest rectal
insertion point.
4.2.4 Ventral mesh rectopexy technique
The surgical procedures were primarily carried out as described by DʼHoore and
Penninckx (D'Hoore et al., 2004; D'Hoore & Penninckx, 2006). The robot-assisted
operations were performed using the Da Vinci Si Surgical System (Intuitive
Surgical Inc., Sunnyvale, CA, USA) with five trocar placements. Side docking was
included in the operating time. The laparoscopic procedures were carried out using
a two-dimensional operating view with four trocar placements. Redo operations
were performed using the procedure chosen by the surgeons according to their
experience and preoperative clinical and imaging findings. Perioperative care was
conducted according to the ERAS protocol. In study I, three experienced surgeons
performed the RVMR operations, and, in addition, a fourth surgeon attended in the
LVMR procedures. In study II, the RVMR operations were performed by three and
the LVMR procedures by two experienced surgeons.
The peritoneum was dissected using a monopolar hook, harmonic scalpel, or
monopolar scissor. The rectovaginal space in females and Denonvilliers’ fascia in
male patients (study IV) was dissected to the level of the levator. The mesh was
positioned as distally as possible and sutured to the levator muscles in both
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techniques and on the anterior rectal wall with multiple interrupted seromuscular
non-absorbable sutures (2–0 Ethibond, Ethicon Endosurgery). In the laparoscopic
procedures of study III, only four to five sutures were used to fix the mesh on the
proximal rectal wall, and the distal part of the mesh was fixed with glue. For vaginal
sutures, two multifilament sutures were used only if necessary. Suspension to the
sacral promontory was performed using spiral attachments (Pro-Tack TM Fixation
Device, Medtronic), and the peritoneum was closed over the mesh with 15-cm-long
V-Loc™ continuous sutures.
4.3

Statistical analysis

The data for study I was analysed using SPSS for Windows (IBM Corp., released
2016, Version 24.0. Armonk, NY, USA) and SAS (version 9.4; SAS Institute Inc.,
Cary, NC, USA). For all continuous variables (the primary and secondary
outcomes), the linear mixed model was used with time, group, and interaction
between time and group as the fixed effects and the patient as the random effect
(repeated measurements at baseline and at the three-month and five-year follow-up
visits) with a two-sided 5% significance level. The covariance structure was chosen
based on the Akaike information criterion, and degrees of freedom were calculated
using the Kenward–Roger method. As the linear mixed model allows for the
analysis of unbalanced datasets without imputation, all available data (the full
dataset) were analysed. Between-group differences at the five-year follow-up and
the differences between the three-month and five-year measurements for all
continuous outcomes with 95% confidence intervals (95% CI) were derived from
the linear mixed model. Between‐group comparisons for the categorical data were
performed using Fisher’s exact test, and the change from three months to five years
was compared using McNemar’s test.
For study II, all statistical analyses were performed using SAS (version 9.4,
SAS Institute Inc., Cary, NC, USA) or SPSS for Windows (IBM Corp., Released
2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.).
Summary statistics were presented as mean with standard deviation or as median
with 25th–75th percentiles unless otherwise stated. Matched pair analyses were
performed using a linear mixed model for continuous variables and a generalised
linear mixed model for categorical variables. In both models, matched pairs were
used as random effects. Two-tailed p-values were presented.
In study IV, analyses were performed using SPSS for Windows (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY,
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USA: IBM Corp.). Summary statistics were reported as mean with standard
deviation unless other stated. Between-group comparison for continuous data was
analysed using Student’s t-test or the Welch test; the latter was used if the
assumption of equal variances did not hold. Categorical data were analysed using
Fisher’s exact test. Two-tailed p-values were reported. A p-value < 0.05 was
considered statistically significant.
4.4

Ethical considerations

Studies I, II, and IV were register and questionnaire studies in which the
participants did not face any risks or inconveniences from participating in the study.
Study III was a prospective pilot study in which there were no risks or
disadvantages for patients to participate in the study. The PVDF mesh had been in
clinical use earlier in the Oulu University Hospital before the beginning of study
III.
All the study protocols were approved by the Ethical Committee of the Oulu
University Hospital. All patients were asked for written consent to participate in
the study. The studies were conducted in accordance with the Declaration of
Helsinki.
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5

Results

5.1

Patient demographics

The baseline characteristics of the patients in studies I–IV are summarised in Table
2. Study I consisted of patients who had been allocated to 12 LVMR and 14 RVMR
study groups. In study II, 152 patients for both LVMR and RVMR groups were
included after matching by age and diagnosis. Pilot study III consisted of eight
patients (5 RVMR and 3 LVMR). In study IV, 43 patients with redo operations were
studied.
Table 2. Baseline characteristics of the patients in studies I–IV.
Variable

Study I
LVMR1

Study II
RVMR2

LVMR1

Study III

Study IV

RVMR2

Patients

12

14

152

152

8

43

Women

12 (100)

14 (100)

152 (100)

152 (100)

8 (100)

41 (95.3)

Age

65.7 ± 10.5

59.9 ± 10.0

63.9 ± 14.2

62.7 ± 13.7

63.0 ± 15.2

67.4 ± 14.2

BMI3

24.5 ± 3.2

25.2 ± 4.7

26.3 ± 4.8

26.4 ± 4.4

23.6 ± 1.7

25.7 ± 4.8
15 (34.9)

ASA4
1

2 (14.3)

3 (25.0)

58 (38.7)

33 (21.7)

0

2

10 (71.4)

4 (33.3)

51 (34.0)

78 (51.3)

4 (50%)

16 (37.2)

3

2 (14.3)

5 (41.7)

34 (22.7)

37 (24.3)

4 (50%)

10 (23.3)

4

0

0

7 (4.7)

4 (2.6)

0

2 (4.7)

IRP6

9 (75.0)

10 (71.4)

116 (76.3)

116 (76.3)

2 (25%)

21 (48.8)

ERP7

3 (25.0)

3 (21.4)

36 (23.7)

36 (23.7)

2 (25%)

22 (51.2)

Enterocele

9 (75.0)

11 (78.6)

na5

na5

4 (50%)

na5

Diagnosis

Nominal variables are presented as counts and percentages (in parentheses). Continuous variables are
presented as means and standard deviations. 1 Laparoscopic ventral mesh rectopexy, 2 Robotic ventral
mesh rectopexy, 3 Body mass index, 4 American Society of Anaesthesiologists, 5 not analysed, 6 internal
rectal prolapse, 7 external rectal prolapse
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5.2

Study I

The MRI findings for posterior compartment procidentia at three months and five
years are presented in Table 3. The anatomical outcome in terms of ERP and IRP
recurrence was comparable between the two study groups at the five-year followup visit. There was no recurrence of ERP in either groups. In patients with IRP, 14%
after RVMR and 17% after LVMR developed new-onset IRP with no significant
difference between the study groups (p = 0.78).
The anatomical and functional outcome five years after RVMR and LVMR are
summarised in Table 4. The MRI and POP-Q measurements of the corrected pelvic
floor anatomy were equal between RVMR and LVMR with no significant
difference. Patients in the RVMR group had a better outcome for the CRADI-8
subscale (mean 38, SD 23 vs mean 59, SD 25; p = 0.009), POPDI-6 subscale (mean
23, SD 24 vs mean 52, SD 22; p = 0.001), and PFDI-20 symptom score (mean 96,
SD 71 vs mean 161, SD 59; p = 0.004) compared to the patients in the LVMR group.
The anatomical outcomes for the whole study population at three months and
five years postoperatively are summarised in Table 5. The measurements assessing
the three-compartment anatomy results in MRI, including the elevating effect of
VMR to the anorectum and cervix/vaginal cuff during straining, remained
unchanged over time. In the POP-Q measurements, the most protruding point of
the posterior wall (Bp) was surprisingly slightly better at the five-year time point
than the three-month time point (mean -3, SD 0 vs mean -2, SD 2; p = 0.006). The
cervix or hysterectomy scar (C) had descended a little over time (mean -5, SD 2 vs
mean -4, SD 3; p = 0.03).
Some symptom score values for the total study population increased over time.
The Wexner score for FI was higher at the five-year time point (mean 5, SD 5 vs
mean 9, SD 6, p = 0.003) as were the CRADI-8 subscale (mean 29, SD 16 vs mean
48, SD 26; p < 0.001), and POPDI-6 subscale (mean 24, SD 19 vs mean 37, SD 27;
p = 0.025) as well as the PFDI-20 symptom score (mean 88, SD 46 vs mean 126,
SD 72; p = 0.001) than at the three-month time point.
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0
1 (6)

Enterocele, n (%)

Rectocele ≥ 20 mm, n (%)
25 (SD 6)

4 (29)

1 (7)

2 (14)

0

24 (SD 3)

2 (15)

0

0

0

(n = 13)

3 months

5 years

4 (33)

0

2 (17)

0

(n = 12)

24 (SD 5)

LVMR

23 (SD 3)

4 (14)

0

0

0

(n = 29)

3 months

24 (SD 5)

8 (31)

1 (4)

4 (15)

0

(n = 26)

5 years

Total group

0.62

0.063

n.d.

> 0.9

n.d.3

p1

n.d.

> 0.9

> 0.9

0.78

n.d.

p2

1

p-value for the change (3 months–5 years), 2 p-value for difference (3 months–5 years) between groups, 3 not definable

Continuous variables are reported as the mean and standard deviation (SD), categorical variables are reported as counts and percentages (in parentheses),

21 (SD n.d.)

0

Internal rectal prolapse, n (%)

Rectocele size, mm, mean (SD)

0

5 years
(n = 14)

(n = 16)

RVMR
3 months

External rectal prolapse, n (%)

Type of procidentia

and Sons.

Table 3. Magnetic resonance findings for rectal prolapse, enterocele, and rectocele. Published with permission from John Wiley

Table 4. MR defecography, POP-Q, and functional results 5 years after RVMR and LVMR.
Variable

RVMR1

LVMR2

Difference

(n = 14)

(n = 12)

between

Patients

Mean

Patients

Mean

the

(n)

(SD)

(n)

(SD)

means

95% CI

p

MRI3, mm
Anorectum strain4

14

52 (13)

12

49 (12)

3.9

-6.8 to 14.6

0.47

Anorectum POM5

14

30 (15)

12

25 (8)

5.2

-5.2 to 15.6

0.32

Rectocele strain

14

10 (12)

12

9 (12)

-1.1

H strain

14

82 (16)

12

79 (19)

4.1

H POM

14

17 (12)

12

20 (9)

-1.3

-10.4 to 7.9

0.78

Cervix strain

14

0 (14)

12

-6.7

-19.9 to 6.5

0.31

Cervix POM

14

33 (9)

12

30 (16)

4.1

-7.9 to 16.1

Bladder strain

14

26 (7)

12

28 (17)

-0.1

-10.7 to 10.4

Bladder POM

14

36 (9)

12

39 (18)

-1.5

-11.8 to 8.7

8 (20)

-10.8 to 8.7

0.83

-9.0 to 17.2

0.53

0.50
> 0.9
0.76

POP-Q6, cm
Ap7

14

-3 (0)

11

-3 (0)

-0.3

-1.1 to 0.5

Bp8

14

-3 (0)

12

-3 (0)

0.0

n.d.

C9

14

-5 (2)

12

-4 (4)

-1.4

-3.5 to 0.7

0.18

D10

9

-5 (5)

6

-7 (2)

1.2

-3.9 to 6.3

0.62

Aa11

14

-1 (1)

12

0 (2)

-0.4

-1.5 to 0.6

Ba12

14

-1 (1)

12

-1 (2)

0.0

-1.2 to 1.2

0.45
n.d.

0.42
> 0.9

Symptom scores
Wexner13

14

9 (7)

12

8 (5)

-4.3 to 5.0

0.89

CRADI-814

14

38 (23)

12

59 (25)

-21.0

-36.5 to -5.5

0.009
0.001

0.3

POPDI-615

14

23 (24)

12

52 (22)

-30.1

-47.9 to -12.2

UDI-616

14

34 (28)

12

50 (22)

-14.8

-34.4 to 4.8

0.14

PFDI-2017

14

96 (71)

12

161 (59)

-66.2

-109.9 to -22.5

0.004

Continuous data are reported as mean and standard deviation (SD), Student`s t test statistically
significant at p = 0.05 level (two-tailed), 1 robotic ventral mesh rectopexy, 2 laparoscopic ventral mesh
rectopexy, 3 magnetic resonance imaging, 4 The distance between the defined anatomical landmarks and
the pubococcygeal line, 5 pelvic organ mobility, 6 pelvic organ prolapse quantification, 7 the point 3 cm
above the hymen in the posterior wall, 8 the most protruding point of the posterior wall, 9 cervix or
hysterectomy scar, 10 posterior fornix of vagina, 11 the point 3 cm above hymen in the anterior wall, 12 the
most protruding point of the anterior wall; n.d.: not definable, 13 Wexner Continence Grading Scale,
14

Colorectal-Anal Distress Inventory, 15 Pelvic Organ Prolapse Distress Inventory, 16 Urinary Distress

Inventory, 17 Pelvic Floor Distress Inventory
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Table 5. MR defecography and POP-Q measurements from 3 months to 5 years after
VMR1 in the total study population.
Variable

3-months

5-years

Mean

postoperative

postoperative

difference

Patients

Mean

Patients

Mean

(n)

(SD)

(n)

(SD)

95% CI

p

0.71

MRI2, mm
Anorectum strain3

29

52 (12)

26

51 (13)

0.8

-3.5 to 5.2

Anorectum POM4

29

29 (11)

26

28 (13)

1.1

-3.5 to 5.7

0.64

Rectocele strain

29

6 (10)

26

9 (11)

-3.5

-8.1 to 1.1

0.13

H strain

29

77 (14)

26

80 (17)

-4.0

-9.7 to 1.7

0.16

H POM

29

21 (10)

26

18 (11)

3.1

-0.6 to 6.9

0.10

Cervix strain

29

1 (16)

26

4 (17)

-3.0

-9.2 to 3.1

0.33

Cervix POM

29

31 (18)

26

31 (12)

-0.3

-7.1 to 6.5

> 0.90

Bladder strain

29

26 (13)

26

27 (13)

-0.4

-4.2 to 3.4

0.82

Bladder POM

29

40 (12)

26

37 (14)

3.5

-0.7 to 7.7

0.10
0.36

POP-Q5, cm
Ap6

29

-3 (1)

26

-3 (0)

0.2

-0.3 to 0.7

Bp7

29

-2 (2)

26

-3 (0)

1.0

0.3 to 1.6

0.006

C8

29

-5 (2)

26

-4 (3)

-1.2

-2.3 to -0.1

0.03

D9

17

-8 (1)

15

-6 (4)

-2.3

-4.9 to 0.2

0.07

Aa10

29

-1 (1)

26

-1 (1)

0.0

-0.5 to 0.4

0.86

Ba11

29

-1 (1)

26

-1 (1)

-0.1

-0.7 to 0.5

0.74

Continuous data are reported as mean and standard deviation (SD), Student`s t test statistically
significant at p = 0.05 level (two-tailed), 1 ventral mesh rectopexy, 2 magnetic resonance imaging, 3 The
distance between the defined anatomical landmarks and the pubococcygeal line, 4 pelvic organ mobility,
5

pelvic organ prolapse quantification, 6 the point 3 cm above the hymen in the posterior wall, 7 the most

protruding point of the posterior wall, 8 cervix or hysterectomy scar, 9 posterior fornix of vagina, 10 the point
3 cm above the hymen in the anterior wall,

11

the most protruding point of the anterior wall
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5.3

Study II

The median follow-up time was 3.3 and 3.0 years for the RVMR and LVMR groups,
respectively. The response rates for the follow-up questionnaires were 75.8% and
68.2% for the RVMR and LVMR groups without matching, respectively. There was
no difference between the patient satisfaction after the RVMR and LVMR
operations (58.9% vs 57.8%, respectively).
The long-term functional outcome comparison after RVMR and LVMR is
presented in Table 6. The patients in the RVMR group had a better outcome in FI
as they had lower Wexner incontinence scores (median 5 vs median 8; p < 0.001),
suffered less often significant ongoing incontinence symptoms (30.6% vs 49.0%;
p < 0.001), and experienced less FI discomfort as assessed with VAS (scale 0–100,
median 11 vs median 39; p = 0.005) compared with patients in the LVMR group.
De novo pelvic pain occurred more often after RVMR than after LVMR (31.8% vs
11.8%). No differences were found for the OD symptoms, defecation symptoms,
or QoL measures between the study groups.
After matching incontinence and OD results by age, diagnosis, and indication,
119 patients with incontinence and 134 patients with ODS were detected for both
RVMR and LVMR groups, respectively. The difference in better outcome after
RVMR compared to LVMR in Wexner FI scores remained (median 5 vs median 7;
p < 0.032) after additional matching. No differences were found in other functional
outcome measurements.
5.4

Study III

The visibility of the iron oxide-impregnated PVDF mesh in different MRI
sequences is presented in Table 7. The best information about the position and
integrity of the mesh used in minimally invasive VMR is provided in T1-weighted
flash and T2-weighted sagittal MR images. The visualisation of the mesh in T1weighted flash and T2-weighted sagittal images are illustrated in Figure 9.
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72 (50–89)
70 (64.8%)
54 (47–78)
21 (19.1%)
21 (19.1%)
35 (31.8%)

Defecatory symptom improvement (VAS 61–100)6

Postoperative QoL10 (VAS)5,9

Experience of QoL improvement (VAS 61–100)6,9

Postoperative contentment with sexual life (VAS)5,9

De novo urinary incontinence6

De novo urinary retention6

De novo pelvic pain6

8 (4–14)

12 (11.8%)

15 (14.7%)

23 (22.6%)

55 (46–82)

65 (63.7%)

77 (54–89)

68 (67.3%)

72 (52–89)

43 (18–71)

14 (13.5%)

12 (7–17)

39 (6–69)

51 (49.0%)

< 0.001

0.55

0.53

0.89

0.87

0.74

0.61

> 0.9

0.13

0.35

0.11

0.005

< 0.001

< 0.001

p

0.71

-1.2

-0.29

6.9

1.7

-12.6

-2.5

Difference11

3.5

1.4

0.81

1.0

0.81

1.8

0.46

OR12

1.7 to 7.3

0.66 to 2.8

0.4 to 1.6

-9.5 to 10.9

0.59 to 1.9

-8.4 to 6.0

0.46 to 1.4

-7.7 to 7.1

-2.1 to 16.0

0.89 to 3.8

-0.4 to 3.7

-21.3 to -3.9

0.3 to 0.8

-3.9 to -1.0

95% CI3

Quality of life, 11 Difference between means, 12 Odds Ratio (reference group LVMR), 13 Odds Ratio (reference group LVMR) for Not satisfied for

operation/Cannot say

10

great discomfort; 0–100), 8 obstructed defecation symptom score (minimum-maximum; 0–40), 9 VAS: visual analogue scale (much worse–much better; 0–100),

20), 5 Values are reported as medians with (25th and 75th percentiles), 6 values are reported as counts and percentiles, 7 visual analogue scale (no discomfort-

robotic ventral mesh rectopexy, 2 laparoscopic ventral mesh rectopexy, 3 confidence interval, 4 Wexner score for fecal incontinence (minimum–maximum; 0–

67 (62.6%)

Defecatory symptom change (VAS)5,9

1

56 (18–86)
72 (50–88)

Obstructed defecation discomfort (VAS)5,9

13 (8–20)
25 (22.1%)

Significant ongoing OD symptoms (ODS >20)6

11 (1–49)

Fecal incontinence discomfort (VAS)5,7

ODS score5,8

34 (30.6%)

5 (2–10)

LVMR2
(n = 152)

RVMR1
(n = 152)

Significant ongoing incontinence symptoms (Wexner >9)6

Wexner score4,5

Variable

Table 6. Long-term functional outcome comparison.

Table 7. The visibility of the mesh in MR sequences. Published with permission from
Springer Nature.
Patient

T2

T2

T2

T1

Dixon in

Dixon out of

sagittal

transverse

coronal

flash

phase

phase

A

11

44

4

1

22

4

B

33

4

4

1

2

4

C

1

3

4

1

1

4

D

4

4

4

1

2

4

E

1

3

3

1

1

4

F

1

4

4

1

2

4

G

1

2

3

1

2

4

H

1

3

3

1

2

4

1

mesh was visible in all slices, 2 visibility was ≥ 3/4 of the slices, 3 visibility was ≥ 1/2 of the slices,

4

visibility was < 1/2 of the slices

Fig. 9. The visualisation of the mesh in MRI. Published with permission from Springer
Nature. a) The mesh is visualised in its full length on T2-weighted sagittal image. b) On
T1-weighted flash images, the mesh is also well visualised close to the lower insertion
point.

5.5

Study IV

The intraoperative data and technical details of study IV are presented in Table 8.
Of all 43 reoperations, 35 LVMR (81.4%) and eight RVMR (18.6%) were
performed. Conversion to open laparotomy was needed only in one case (2.3%),
which was a LVMR procedure for IRP. Blood loss was minor in all operations
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performed. In most cases, the mesh was disconnected from the sacrum (30.2%) or
from the rectal wall (23.3%). In addition, the mesh was assessed to be too proximal
in 20.9% of cases. In 11.6% of patients, no obvious reasons for recurrence were
found. In addition to a new mesh suturing, the previous mesh was left in situ or
partially removed in 62.8% and 20.9% of operations, respectively. The previous
mesh was totally removed in 7% of operations. Mere re-fixation of the previous
mesh without a new graft was done in 7% of operations. Polyester mesh was most
used (55.8%), and no biological grafts were implanted.
Short-term postoperative outcomes are summarised in Table 9. A total of 23.3%
of patients faced complications, which included bleeding, vaginal perforation,
mesh-related complication, paralytic ileus, and small bowel obstruction. Patients
with IRP experienced more complications (38.1%) than patients with ERP (9.1%,
p = 0.03). Of all complications, two cases were Clavien Dindo ≥ 3 complications.
There were no reoperations because of immediate postoperative complications.
One recurrence of the prolapse (ERP) was noted, causing a recurrence rate of 4.5%,
but no operation was needed because of mild symptoms. Three reoperations were
performed, of which none was VMR. There was no postoperative 60-day mortality.
Long-term functional outcome and QoL data are presented in Table 10. The
median follow-up time was 3.0 years. Of all patients, 65.2% reported defecatory
symptom relief, and 54.2% were satisfied with the redo LVMR or RVMR result,
with an overall response rate of 59.5%. Significant ongoing incontinence symptoms
or ODS were reported in 9.3% and 16.3% of patients, respectively. The patients
with ERP reported significantly better postoperative VAS scale scores in the effect
on QoL, symptom relief, and symptom changes for the better than IRP patients.
Patients with IRP suffered de novo pelvic pain more often compared to the ERP
group. Patients with ERP were more often satisfied with the operation results than
patients with IRP (69.2% vs 36.4%).
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Table 8. Intraoperative data. Published with permission from Springer Nature.
Variable

All

ERP1

IRP2

(n = 43)

(n = 22)

(n = 21)

35 (81.4)

17 (77.3)

18 (85.7)

Operation technique, n (%)
Laparoscopic
Robotic

p
0.70

8 (18.6)

5 (22.7)

3 (14.3)

Operating time, mean (SD), min

157 (46)

152 (49)

161 (43)

0.51

Operating theatre time, mean (SD), min

198 (43)

194 (49)

205 (35)

0.61

Bleeding, mean (SD), ml

51 (102)

43 (46)

60 (140)

0.60

Conversion, Yes, n (%)

1 (2.3)

0 (0)

1 (4.8)

0.38

42 (97.7)

22 (100)

20 (95.2)

mesh off from sacral attachment area

13 (30.2)

5 (22.7)

8 (38.1)

mesh off from rectal attachment area

10 (23.3)

6 (27.3)

4 (19.0)

mesh off from pelvic attachment area

3 (7.0)

2 (9.1)

1 (4.8)

mesh positioned too proximally

9 (20.9)

5 (22.7)

4 (19.0)

No
Primary finding during operation, n (%)

> 0.9

mesh too loose

2 (4.7)

1 (4.5)

1 (4.8)

no obvious reason

5 (11.6)

3 (13.6)

3 (14.3)

3 (7.0)

2 (9.1)

1 (4.8)

Operation details, n (%)
old mesh removal, new mesh

0.53

new fixation of proximal part

1 (2.3)

0 (0)

1 (4.8)

combined operation with dorsal rectopexy

3 (7.0)

1 (4.5)

2 (9.5)

27 (62.8)

16 (72.7)

11 (52.4)

9 (20.9)

3 (13.6)

6 (28.6)

Polyester

24 (55.8)

13 (59.1)

11 (52.4)

Tetanised polypropylene mesh

12 (27.9)

old mesh left, new mesh
old mesh partly left new mesh
Mesh, n (%)

0.15
8 (36.4)

4 (19.0)

3 (7.0)

0 (0)

3 (14.3)

7 (16.3)

4 (19.0)

3 (15.8)

31 (72.1)

16 (76.2)

15 (78.9)

2 (4.7)

1 (4.8)

1 (5.3)

0–4

19 (44.2)

8 (36.4)

11 (52.49

5–6

16 (37.2)

9 (40.9)

7 (33.4)

7–14

8 (18.7)

5 (22.7)

3 (14.4)

33 (76.7)

14 (63.6)

19 (90.5)

Intracorporeal

10 (23.3)

6 (27.3)

4 (19.0)

Extracorporeal

29 (67.4)

15 (68.2)

14 (66.7)

Polypropylene and poliglecaprone
Caudal fixation of mesh, n (%)
through the pelvic floor
to levator muscles
to rectum only

> 0.9

Number of stitches to rectum, n (%)

Vaginal stitches were used, n (%)

0.14

Suturing technique, n (%)

0.13
0.73

Nominal variables are presented as counts and percentages (in parentheses). Continuous variables are
presented as means and standard deviations. 1 external rectal prolapse, 2 internal rectal prolapse
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Table 9. Short-term postoperative outcomes. Published with permission from Springer
Nature.
Variable
In-hospital stay, mean (SD), days
(range)
Complication, n (%)

All

ERP

IRP

(n = 43)

(n = 22)

(n = 21)

3.7 (2.3)

3.8 (2.6)

3.6 (1.8)

(1–12)

(1–12)

(2–9)

10 (23.3)

2 (9.1)

8 (38.1)

Bleeding

3 (7.0)

1 (4.5%)

2 (9.5)

Vaginal perforation

3 (7.0)

1 (4.5%)

2 (9.5)

Mesh-related complication

2 (4.7)

0 (0)

2 (9.5)

Paralytic ileus

1 (2.3)

0 (0)

1 (4.8)

Small bowel obstruction

1 (2.3)

0 (0)

1 (4.8)

Clavien-Dindo ≥ 3 complications

2 (4.7)

0 (0)

2 (9.5)

Reoperation, n (%)

p
0.71
0.03

0.23
> 0.9

Sphincteroplasty

1 (2.3)

0 (0)

1 (4.8)

Posterior colporrhaphy

1 (2.3)

0 (0)

1 (4.8)

Transanal haemorrhoidal dearterialisation

1 (2.3)

1 (4.5)

0 (0)

Nominal variables are presented as counts and percentages (in parentheses). Continuous variables are
presented as means and standard deviations.
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66
9 (36.0)

25

25

25

7

24

24

23

23

24

20

ERP

2 (15.4)

5 (38.5)

4 (30.8)

52 (41)

10 (83.3)

83 (16)

10 (90.9)

88 (14)

57 (33)

2 (9.1)

13 (8)

29 (33)

2 (9.1)

7 (6)

13 (59.1)

Data

13

13

13

4

12

12

11

11

12

12

12

10

12

12

22

n

IRP

7 (58.3)

4 (33.3)

4 (33.3)

71 (18)

5 (41.7)

55 (25)

5 (41.7)

58 (22)

70 (28)

5 (41.7)

19 (9)

31 (33)

2 (9.5)

5 (4)

12 (60.0)

Data

12

12

12

3

12

12

12

12

12

12

12

10

11

11

20

n

p

Wexner score for faecal incontinence (min–max; 0–20), 2 significant ongoing symptoms, 3 visual analogue scale (no discomfort–great discomfort; 0–100),

obstructed defecation symptom score (min–max; 0–40), 5 significant ongoing symptoms, 7 visual analogue scale (much worse–much better; 0–100)

4

0.041

> 0.9

> 0.9

0.49

0.089

0.003

0.027

0.001

0.29

0.37

0.10

0.89

> 0.9

0.39

> 0.9

1

Nominal variables are presented as counts and percentages (in parentheses); continuous variables are presented as means and standard deviations.

9 (36.0)

De novo pelvic pain, n (%)

60 (32)

Effect on sexual life on VAS (0–100), mean (SD) 6

De novo urinary retention, n (%)

15 (62.5)

Improved QoL (VAS 61–100), n (%)
8 (32.0)

69 (25)

Effect on QoL on VAS (0–100), mean (SD) 6

De novo urinary incontinence, n (%)

15 (65.2)

Symptom relief (VAS 61–100), n (%)

24

63 (31)
72 (24)

7 (16.3)

ODS score > 20, n (%)5

Obstructed defecation discomfort on VAS (0–100), mean (SD) 3

16 (9)

Symptom change (before vs postoperatively) on VAS (0–100), mean (SD) 6

24

30 (32)

Incontinence discomfort on VAS (0–100), mean (SD) 3

ODS score (0–40), mean (SD) 4

23

4 (9.3)

Wexner score > 9, n (%)2

23

42

n

6 (5)

25 (59.5)

Data

All patients

Wexner score (0–20), mean (SD)1

Questionnaire response rate after redo operation, n (%)

Variable

Table 10. Long-term functional outcome and QoL.

6

Discussion

6.1

Main results

6.1.1 Long-term anatomical, functional, and quality of life results
after RVMR and LVMR (I, II)
Previous studies assessing the anatomical outcome after minimally invasive VMR
with the imaging method have evaluated only the LVMR technique for IRP using
defecography with short follow-up times (Tsunoda, Ohta, Kiyasu, & Kusanagi,
2015; Tsunoda, Takahashi, Hayashi, Yagi, & Kusanagi, 2018). In those studies,
successful anatomical correction was found in most patients at six months
postoperatively although up to 38% of patients developed new-onset grade 2 IRP.
Our outcomes are in line with earlier published results albeit we had a notably
longer follow-up time, and we evaluated both ERP and IRP patients. At five years,
the anatomy was corrected in all but four patients (15%), who had recurrence of
IRP after three-month follow-up visit. Our results are supported with previous
studies showing IRP recurrence after LVMR of 11.1% at five-year follow-up using
Kaplan-Meier analyses and 10.4% after RVMR with a mean follow-up of 23.5
months (Consten et al., 2015; van Iersel et al., 2017).
To the best of our knowledge, there are no previous studies assessing the
outcome of RVMR and LVMR with MRI. However, dynamic MRI is useful in the
evaluation of the surgical outcome as it provides excellent morphological and
functional information about pelvic floor weakness, POP, and possible defects of
the surrounding anatomy (Alt et al., 2014; Comiter et al., 1999; Gufler, DeGregorio,
Dohnicht, Allmann, & Rohr-Reyes, 2002; Siegmann et al., 2011). Since the site of
POP can be misdiagnosed, and some IRPs may be missed in clinical examination
(Karlbom, Graf, Nilsson, & Pahlman, 2004; Maglinte, Hale, & Sandrasegaran,
2013), the use of imaging provides a more accurate assessment of the operative
outcome after VMR.
Previous reports assessing RVMR and LVMR functional outcome in a
comparative study design have found equal improvements in the postoperative FI
results and slightly better improvement in ODS after RVMR (Mantoo et al., 2013).
Our findings differ from those reports, whereas patients after RVMR had better
long-term FI outcomes compared to LVMR, but ODS scores were comparable
between the study groups. The differences between our results and the earlier ones
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may be explained by the longer follow-up time of our study, the dissimilarity of
patient populations, and variations in the study settings. We primarily hypothesised
that the potential advantages of robot-assisted surgery to operate in a narrow and
deep pelvis could be beneficial in RP surgery leading to a more precise dissection
and mesh attachment. The potential explanation for better functional outcomes
could be less hypogastric nerve damage. However, larger randomised studies with
specific nerve function measurements are needed to show whether surgeons can
achieve a more precise preservation of nerves by using the robotic technique.
However, we cannot explain the unexpected result that there was more
postoperative pain in the RVMR group. As published several years ago, the results
of Mantoo et al. should be interpreted with some criticism. Some of the patients
were operated on around 2010, when diagnostic and treatment protocols might have
been different from current treatment practice. In our study I, the first patients were
operated on in the beginning of 2011. However, the operations were performed with
the same robot model that is still in use in our practice. The perineal stitches are no
longer in use, but otherwise the procedure is much same regarding technical details.
When assessing the functional outcome of the operations, the three-month time
point is quite soon after surgery as the patients may feel the functional results better
over a longer period of time. This might explain the result in which symptoms
improved between three months and five years. IRP may be different from ERP
both structurally and in terms of symptom severity, which may explain the result
that IRP recurrence was higher. The complication rate was higher in the RVMR
group, which could be explained by the differences in the accuracy of recording
postoperative data in the different hospitals.
Earlier studies comparing long-term QoL results after RVMR and LVMR for
RP indicate comparable (Mäkelä-Kaikkonen et al., 2019) or slightly RVMRfavourable outcomes (Mehmood et al., 2014). Our results are in line with the
outcomes of previously published studies as we did not find any difference between
the study groups in terms of long-term QoL.
According to previous studies, the learning curve in the robotic surgery is steep,
enabling a higher level of competence possible after only 25 cases (Bokhari et al.,
2011). In our practice, the first 20 RVMR procedures were analysed in a previous
pair-matched study (Mäkelä-Kaikkonen et al., 2014), after which the patients were
enrolled in study I. Even during the first analysed operations, the operating times
had shortened, and the procedure took less time than in other comparable centres.
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6.1.2 The visualisation of PVDF mesh used in VMR (III)
To our knowledge, a few studies have assessed the feasibility of iron oxideimpregnated PVDF meshes in hernia and vaginal reconstructive surgery (Joukhadar
et al., 2015; Muysoms, Beckers, & Kyle-Leinhase, 2018; Sindhwani et al., 2015),
but our study is the first to demonstrate the visibility in postoperative MRI after
LVMR or RVMR. Indeed, this was the first study with a PVDF mesh used in
rectopexy surgery. There are no comparative studies. Therefore, our results cannot
be compared to any previous data. We found that T1-weighted flash and T2weighted sagittal images provide the best visualisation of the position and integrity
of the iron oxide-impregnated PVDF meshes implanted for RP. Since the standard
implants are not sufficiently contrasted on MRI or computed tomography, the use
of iron oxide-impregnated meshes can give additional information in cases of
suspected mesh complication or detachments. Indeed, the fixation of the meshes to
the levator muscles and to the sacral promontory was sufficiently seen. In order to
replace the previous rectopexy meshes with the PVDF mesh, further studies with
large series of patients would be needed.
6.1.3 Redo VMR operations (IV)
Only a few studies have assessed the feasibility of revisional surgery of LVMR or
RVMR before. After revisional surgery, complications have been reported to occur
in 13%–19% with no mesh-related complications (Brunner et al., 2019; Gurland et
al., 2017). The results of the previous studies are mainly comparable to ours as the
complications were at the same level (23.3%), but we reported a 4.7% mesh-related
complication rate. The reason for this discrepancy may be explained by the
differences in the primary operations and grafts used. In our study, all the primary
operations were performed using the VMR technique. In the previous series,
patients were initially operated on using either the perineal technique or a technique
other than LVMR, which leaves the anatomical planes in the pelvis and abdomen
untouched (Brunner et al., 2019; Gurland et al., 2017). Synthetic mesh was used in
all our operations, while biological graft was used either in all (Brunner et al., 2019)
or in half of the cases (Gurland et al., 2017) in previous studies.
Prolapse recurrence after revisional surgery has been reported in 8.2–14.2% of
cases (Brunner et al., 2019; Gurland et al., 2017), which is slightly more than we
found (4.5%). One explanation for this may be the mesh used as biological mesh is
suggested to be more difficult to suture to the sacral promontory than a synthetic
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mesh (Gouvas et al., 2015). However, the synthetic and biological meshes are
shown to be equal in terms of recurrence and mesh-related complications after
LVMR (Evans et al., 2015; Smart et al., 2013), so obvious reasons for the
discrepancy between our study results and the earlier ones cannot be given.
The impact of redo VMR surgery on ERP and IRP patients has not been
previously evaluated. It has been shown that after primary LVMR and RVMR
operations, ERP patients seem to benefit more from the surgery in terms of
symptom relief (Mäkelä-Kaikkonen et al., 2018). This finding is in line with our
current results, where the patients with ERP had better results of redo LVMR or
RVMR than the patients with IRP in terms of fewer complications and better
postoperative-reported VAS scale scores in regard to QoL and symptom relief. In
addition, patients with ERP reported less de novo pelvic pain. Perhaps
postoperative symptom relief in ERP patients leads to better overall satisfaction
than in IRP patients, which might explain the better postoperative outcome in ERP
patients. In addition, there may be some heterogeneity in diagnostic and treatment
protocols among participating centres, however, reflecting real-life policy.
6.2

Limitations of the studies

The major limitation of study I was a small sample size. As the present study was
a follow-up of a randomised trial, the patients were enrolled five years ago. The
small study population makes this trial susceptible to both type I and type II errors
when evaluating the two different surgical techniques. However, there is only one
earlier study following a randomised setting. Despite the small sample size, the
results of study I were in line with previously published results.
The limitations of the second study include a retrospective and cross-sectional
study setting, leading to a suboptimal questionnaire response rate. In addition, the
RVMR operations were performed in a single tertiary referral centre, reflecting
only its experience. There may be some heterogeneity in the diagnostic and
treatment protocols between the participating centres, which may influence patient
selection for surgical treatment. However, the results of this multicentre study
reflect the real-life policy of each hospital. Despite the loss of patients to followup, study II contains a high number of patients even when compared to earlier
published meta-analyses. Although RVMR operations represent the practice in one
centre, the study results were comparable to previously published outcomes of
robotic operations.
70

The study population was small in pilot study III. Although the small sample
size can be criticised, it was large enough to provide answers to the original aims
of the study. However, there were no previous studies assessing the visibility of
rectopexy meshes.
The limitations in study IV were the small number of patients, the retrospective
nature of the study, the reasonably low questionnaire response rate, and the lack of
data concerning primary surgery. Sample size was determined by the number of
operations performed during the study period in the participating hospitals as there
were no previous studies aiming to assess the outcomes of redo VMR. As this was
a multicentre study, there may be some heterogeneity in the diagnostic and
treatment protocols between the participating hospitals, possibly influencing
patient selection for surgery. However, these results reflect the normal clinical
practice in the referral centres. Although we had limited information regarding
patients’ preoperative condition and primary operations, the data concerning redo
operations were comprehensive considering the purpose of the original research
plan.
6.3

Clinical importance

Based on the results of this thesis, LVMR and RVMR are equally good procedures
in terms of pelvic floor anatomy correction and QoL. In addition, both techniques
seem to be valid options for redo VMR surgery although guidelines for revisional
surgery after recurrence cannot be given. RVMR may, however, provide better
outcome in patients suffering FI. MR-visible PVDF mesh can provide additional
and non-invasive information about the postoperative surgical outcome, which may
be useful in cases of recurrent prolapse or relapsed symptoms.
6.4

Future expectations

As the superiority of the LVMR or the RVMR technique for primary and redo
surgery for ERP and IRP patients has not been demonstrated, prospective
randomised trials with larger patient volumes and longer follow-up times are
needed. Due to the different pathogenesis and symptom profiles of ERP and IRP,
these indications should be separated to different study populations to enhance the
knowledge of patient selection. Future studies should explore whether the choice
of mesh or fixation method has an impact on reducing RP recurrence and morbidity.
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Clinical outcomes and complications should be recorded in a national registry or
database.

72

7
1.

2.

3.

4.

Conclusions
As demonstrated in MR defecography, the corrected pelvic floor anatomy is
preserved in the long term after LVMR and RVMR, with no differences
between the techniques. Functional outcomes were either comparable or
RVMR-favourable.
RVMR and LVMR give equal outcomes in long-term QoL. The long-term
functional results are mainly comparable between the techniques. RVMR may
possibly lead to a better outcome in FI.
T1-weighted flash and T2-weighted sagittal images provide the best
information about the position and integrity of the iron oxide-impregnated
PVDF mesh used in minimally invasive VMR.
Minimally invasive redo VMR for patients with recurrent ERP or relapsed
symptoms of IRP appears to be a safe and effective treatment with acceptable
recurrence and reoperation rates. Patients with ERP may possibly benefit more
from the operation in terms of better QoL effect, better symptom relief, and
less reported postoperative pelvic pain.
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