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ABSTRACT 
 

Postpartum hemorrhage (PPH) complicates approximately 4% of all deliveries worldwide. It causes 
maternal morbidity and mortality even in high-income countries. The etiology of PPH includes 
uterine atony, genital tract lacerations, retention of placental tissue and coagulopathies. In recent 
years, abnormally invasive placenta (AIP) has emerged as an increasing cause of PPH. Women with 
a history of cesarean section (CS) and presenting with placenta previa (PP) are at high risk for AIP. 
Antenatal detection of PP and AIP diminishes the risk of massive PPH and other complications. It is 
inconclusive whether PP type (major or minor) makes a significant difference in obstetric 
outcomes. Although there are several known risk factors, PPH still occurs often in primiparous 
women without any detectable risk factors.  

The treatment of PPH depends on the etiology and hospital facilities. First-line treatment includes 
volume replacement, the use of uterotonics and tranexamic acid, laceration repair and removal of 
placental tissue. If bleeding continues, the following treatment options have traditionally been 
surgical procedures: ligation of the uterine arteries, uterine compression sutures and 
hysterectomy. These procedures require advanced surgical skills. Avoiding hysterectomy, and thus 
infertility, is also one main goal, especially among primiparous women.  

Readily available, simple, fertility-sparing treatment modalities are needed. Over the last two 
decades, the Bakri balloon (Cook® Medical Incorporated, Bloomington, IN, USA) tamponade (BBT) 
and interventional radiology procedures (IRP) have been used increasingly in the treatment of 
PPH. The Bakri balloon (BB) is exclusively designed for obstetric use. It can be inserted into the 
uterus or the vagina depending on the bleeding site. IRPs include pelvic arterial embolization (PAE) 
and the use of prophylactic balloon occlusion (PBO) in the pelvic arteries. IRPs can be used both in 
acute massive PPH and also prophylactically in women who are at high risk for PPH due to 
anticipated AIP. 

The aims of the studies were to determine the effectiveness and safety of BBT and PAE. The long-
term psychological and physical sequelae of IRPs were also studied. The accuracy of our screening 
and treatment protocol for PP was evaluated, and obstetric outcomes between major and minor 
PP were compared. The study data were collected retrospectively from Helsinki University 
Hospital (HUH) registers (years 2001 ̶ 2014). A structured questionnaire concerning long-term 
psychological and physical outcomes was sent to women who underwent IRP. 

The results confirmed that both BBT and PAE are safe and effective procedures in the treatment of 
acute massive PPH, regardless of etiology. The success rate for BBT was 86% and for PAE 89%. 
None of the complications was related to BBT. Only one major PAE-related complication occurred 
(rupture of the iliac artery).  

The results of the inquiry showed a high incidence of adverse psychological outcomes among 
women with complicated deliveries. The psychological problems did not depend on the volume of 
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bleeding, whether hysterectomy was performed or whether the nature of the IRP was elective or 
emergency. Many women consider counseling to be inadequate after a stressful delivery. 

Due to our mid-pregnancy screening protocol, almost one-fifth of the women with major or minor 
PP at term had no follow-up after mid-pregnancy. The first bleeding episode occurred at 37 
gestational weeks or later in 21.9% of these women. Additionally, two women without follow-up 
had AIP with a history of prior CS, and both underwent hysterectomy. These complications could 
possibly have been avoided if the diagnosis had been established earlier. 

The incidence of AIP was equal in women with major and minor PP, and both types of PP showed 
that women were exposed to major complications. It was also remarkable that two out of seven 
women with BBT failure and three out of five with PAE failure had AIP as a cause of PPH.  

In conclusion, BBT and PAE are safe and effective treatment modalities. The procedures had a 
significant role in the PPH treatment protocol. The availability of these procedures is mandatory 
due to the unpredictable nature of PPH and the increasing incidence of AIP. Our screening and 
follow-up protocols for PP are revised based on our results. A systematic counseling protocol for 
women who had PPH and a complicated delivery should be implemented in every delivery unit. 
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1 INTRODUCTION 
 

Postpartum hemorrhage (PPH) causes maternal morbidity and even mortality worldwide 
(Waterstone et al. 2001, Say et al. 2014). Several risk factors for PPH are known, but PPH still 
occurs often in primiparous women with no detectable risk factors, which makes it difficult to 
prepare for bleeding (Wetta et al. 2013). The other major concern is the increasing incidence of 
placenta previa (PP) and abnormally invasive placenta (AIP) due to increasing maternal age, use of 
infertility treatments and especially increasing cesarean section (CS) rates (Jauniaux et al. 2018a). 
AIP is associated with massive PPH, resulting in major complications, infertility and even maternal 
death (Silver et al. 2015).  

The primary treatment for PPH includes volume replacement, the use of uterotonics and 
tranexamic acid, laceration repair and removal of placental tissue. If bleeding continues, the 
following treatment options have traditionally been surgical procedures: ligation of the uterine 
arteries, uterine compression sutures and hysterectomy, which also means the loss of fertility. 
These procedures require advanced surgical skills (Ahonen et al. 2010).  

Readily available, effective and uterus-preserving treatment modalities are needed. The Bakri 
balloon (Cook® Medical Incorporated, Bloomington, IN, USA) tamponade (BBT) and interventional 
radiology procedures (IRP) seem to fill these criteria. The Bakri balloon (BB) is exclusively designed 
for obstetric use (Bakri et al. 1992). IRPs include pelvic arterial embolization (PAE) in cases of 
emergency PPH and prophylactic balloon occlusion (PBO) of the pelvic arteries in cases of 
antenatally anticipated AIP. These methods have been used increasingly in the past two decades. 

Antenatal diagnosis of AIP and scheduled delivery with a multidisciplinary team seem to diminish 
the amount of bleeding and complications (Tikkanen et al. 2011, Fitzpatrick et al. 2014, Silver et al. 
2015, Jauniaux et al. 2017). The main risk factor for AIP is PP with previous CS (Fitzpatrick et al. 
2014, Thurn et al. 2016). When screening for fetal structural anomalies in mid-pregnancy, the 
placental position is also determined. The resolution rate of minor PP is described to be as high as 
90% before term, although it is more unlikely in women with prior CS (Heller et al. 2014, Lal et al. 
2015). In our department, the follow-up after mid-pregnancy has been arranged only for women 
with PP overlapping the cervical os ≥15 mm, thus most of the PPs (especially minor PPs) have had 
no follow-up after mid-pregnancy. Our screening protocol is based on Taipale et al. (1998). On the 
contrary, recent literature has recommended a follow-up for women with minor PP (Copland et al. 
2012, Kapoor et al. 2014).  

There were only a few publications on BBT before our study commenced (2012). In our hospital, 
PAE had been used for 10 years without evaluating the effectiveness and safety of our own 
process. The psychological and physical outcomes of complicated deliveries and IRPs were also 
controversial and unclear.  
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The main goal was to determine the effectiveness and safety of BBT and PAE. Also, the effects on 
long-term psychological and physical outcomes were determined. Another goal was to critically 
evaluate the screening protocol for PP and the accuracy of follow-up. The outcomes between 
women with major and minor PP were compared to determine whether these conditions should 
be followed with the same intensity. 
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2 REVIEW OF THE LITERATURE 

 

2.1 POSTPARTUM HEMORRHAGE 

 

2.1.1 Definitions 

 

Although it is a common obstetrical entity, the uniform definition of postpartum hemorrhage 
(PPH) is lacking. PPH is classically defined as a blood loss of more than 500 ml after vaginal delivery 
and more than 1000 ml after cesarean section (CS) (Dahlke et al. 2015, Mavrides et al. 2016). The 
American College of Obstetricians and Gynecologists (ACOG) has defined PPH as a cumulative 
blood loss of 1000 ml or more or blood loss with signs of hypovolemia (tachycardia, hypotension, 
etc.) regardless of the delivery route (Menard et al. 2014). An alternative proposed marker to 
define PPH is a 10% decrease in hematocrit (Combs et al. 1991a). However, determinations of 
hemoglobin or hematocrit concentrations are often delayed and do not reliably reflect the present 
hematologic status (Combs et al. 1991a).  

PPH can also be determined by its severity. Severe PPH is determined as a blood loss of more than 
1500 ml, a decline in hemoglobin of 4 g/l or more, acute transfusion of red blood cells of at least 
four units or a need for additional hemostatic intervention (Waterstone et al. 2001). The Royal 
College of Obstetricians and Gynecologists (RCOG) had used the terms minor (500  ̶1000 ml) and 
major (>1000 ml) to describe the severity of PPH. Major PPH can be further divided into moderate 
(1001  ̶2000 ml) and severe (>2000 ml) subgroups (Mavrides et al. 2016). Blood loss of more than 
2500 ml is always a life-threatening obstetric emergency (Mavrides et al. 2016). 

Depending on its timing, PPH is also classified as primary or secondary, which is useful when 
considering the etiologies of PPH. Primary PPH occurs within the first 24 hours of delivery, while 
secondary PPH means excessive bleeding between 24 hours and 12 weeks postpartum (Alexander 
et al. 2002, Mavrides et al. 2016). 

However, estimating the amount of blood loss is often difficult, especially after vaginal birth. Many 
studies have reported that visual estimates are often inaccurate. Blood loss is overestimated in 
low volumes and underestimated in larger volumes. The magnitude of the underestimation 
typically increases as the volume of hemorrhage increases (Bose et al. 2006, Stafford et al. 2008, 
Zhang et al. 2010). 
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2.1.2 Incidence 

 

The incidence of PPH varies widely depending on the definition used and the region of the world. 
A reasonable estimate of PPH in the United States and Europe is 1 ̶ 6% of all deliveries (Carroli et 
al. 2008, Bateman et al. 2010, Callaghan et al. 2010, Vendittelli et al. 2016, van Stralen et al. 2016, 
Merriam et al. 2018). PPH seems to have increased in high-income countries in recent years. In the 
United States, the rate of PPH was 2.3% in 1994 and 2.9% in 2006, which suggests an increase of 
26%. The primary reason for this change was the increased rate of uterine atony (Callaghan et al. 
2010). More recently, a large Dutch study reported that the incidence of PPH increased from 4.1% 
to 6.4% between 2000 and 2013 (van Stralen et al. 2016). In Finland, between 2006 and 2016, the 
incidence of deliveries requiring transfusions has varied between 1.8% and 2.5% (THL statistics, 
personal communication, Eija Vuori).  

 

2.1.3 Etiology 

 

PPH is usually caused by one or more of the following conditions: uterine atony, retention of 
placental tissue, lacerations of the genital tract or coagulopathies (Ahonen et al. 2010, Vendittelli 
et al. 2016, Nyflot et al. 2017). The causes can also be represented as the “Four Ts”: Tone for 
uterine atony, Tissue for retained products of conception, Trauma for lacerations and Thrombin 
for coagulopathies (Sebghati et al. 2017). In recent years, placenta previa (PP) and abnormally 
invasive placenta (AIP) have also been seen more often in cases of PPH (Silver 2015, Silver et al. 
2015, Society of Gynecologic Oncology 2018). 

 

 

Figure 1. Etiology of PPH. 
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(Vendittelli et al. 2016, Nyflot et al. 2017, Sebghati et al. 2017) 
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Uterine atony 

 

Uterine atony is the leading cause of PPH (Vendittelli et al. 2016, Nyflot et al. 2017), with an 
incidence of approximately 3.6% of deliveries (Driessen et al. 2011). Atony occurs when the 
myometrium fails to contract after delivery of the placenta. This is often the result of an over-
distended uterus. An atonic uterus cannot achieve necessary vasoconstriction in the placental 
implantation site, which rapidly leads to massive PPH because the uterine blood flow is 
approximately 600 ml per minute (Gibbs et al. 2008). Sometimes, despite the well-contracted 
uterine fundus, bleeding may continue from the lower uterine segment. This is common especially 
in cases of PP (Gibbs et al. 2008, Committee on Practice Bulletins-Obstetrics 2018).  

 

Placental retention 
 

The term “retained placenta” is used when the placenta is not totally or partially separated from 
the uterine wall 30  ̶60 minutes after vaginal delivery of the infant. Placental retention occurs in 
approximately 1 ̶ 4% of deliveries (Weeks 2008, Endler et al. 2014, Coviello et al. 2015, Greenbaum 
et al. 2017).  

There are three main types of placental retention (Combs et al. 1991b, Weeks 2008, Coviello et al. 
2015, Greenbaum et al. 2017):  

1. Placenta is trapped behind the closed cervix  
2. Placenta adheres to the uterine wall due to failed uterine contraction  
3. Placenta abnormally invades the uterine wall  
 
The spontaneous median duration of placental separation is reported to be 5 ̶ 7 minutes, and only 
3 ̶ 8% of women have it longer than 30 minutes (Combs et al. 1991b). The risk of hemorrhage is 
shown to increase significantly after 30 minutes of waiting (Combs et al. 1991b, Magann et al. 
2005). The timing of placental retention diagnosis differs in different countries. In many Northern 
European countries, including Finland, the cut-off for diagnosis is 60 minutes. More than 80% of 
Finnish maternity units reported a protocol of waiting 60 minutes or more before proceeding to 
manually remove the placenta (Deneux-Tharaux et al. 2009). 
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Placenta previa 
 

PP complicates approximately 0.5% of all pregnancies (Ananth et al. 2003, Rosenberg et al. 2011, 
Lal et al. 2015, Silver 2015). In recent years, there has been an increase in the incidence of PP, 
which is associated with advanced maternal age, use of artificial reproductive technologies (ART), 
smoking during pregnancy and, especially, increasing CS rates (Silver 2015).  

The definition of PP is historically based on digital examination of the cervix and the placental edge 
during delivery (Barris 1926). Later, placental location was determined by transabdominal 
ultrasound (Jauniaux et al. 1990). Using these methods, PP was defined as complete or total if the 
placenta completely covered the internal cervical os. Partial PP covered the cervical os only 
partially, while marginal PP was determined if the placental edge reached the margin of the 
internal cervical os but did not cover any part of the dilated cervix (Dashe et al. 2013).  

Transvaginal ultrasound was introduced in the 1980s and has allowed the precise determination of 
the distance between the internal cervical os and the placental edge. By this method, PP can also 
be determined as low-lying, which means it does not reach the internal cervical os but is 1 ̶ 20 mm 
from the os (Dashe et al. 2013).  

PP can also be defined as major or minor. When the placenta is overlying the cervical os totally or 
partially (includes complete PP and partial PP), it is called major PP. Minor PP is located 0  ̶20 mm 
away from the cervical os (includes marginal PP and low-lying PP) (Bahar et al. 2009, Jauniaux et 
al. 2017).  

The resolution rate of minor PP is described to be as high as 90% before term, due to “placental 
migration” and the development of the lower uterine segment, although it is more unlikely in 
women with prior CS (Lal et al. 2015). The mechanism of migration is not fully understood. King 
introduced a hypothesis called “dynamic placentation,” a process in which part of the placental 
attachment to the uterine wall is constantly reformed throughout the pregnancy, while the lower 
uterine segment forms beneath the placenta. Dynamic placentation responds not only to the 
placental growth but also to the different growth rates of the placenta and the uterine wall (King 
1973). Another hypothesis for placental migration is trophotropism, which refers to a process 
related to the atrophy of the thin placental edge due to deficient vascular supply, whereas the 
other placental parts continue to grow from the lower uterine segment toward the better 
vascularized uterine corpus (Benirschke et al. 2012).  

Major PP has been associated with higher complication rates than minor PP. Women with major 
PP seem to have a higher incidence of antepartum hemorrhage, preterm deliveries, PPH, 
hysterectomies and AIP (Dola et al. 2003, Tuzovic et al. 2006, Bahar et al. 2009, Sekiguchi et al. 
2013). Sekiguchi et al. showed the incidence of antepartum hemorrhage to be 59.1% among 
women with major PP and 17.6% among those with minor PP. Women with major PP were also at 
higher risk for preterm deliveries (45.1% versus 8.8%) (Sekiguchi et al. 2013). Bahar et al. had 
similar findings. They reported a significant association between antepartum hemorrhage (OR 
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3.18, CI 1.58–6.4) and preterm deliveries (OR 14.9, CI 4.9  ̶45.1) more commonly in women with 
major PP. In that same study, the incidences of AIP (OR 3.2, CI 1.22 ̶ 8.33) and of hysterectomies 
(OR 5.1, CI 1.31  ̶19.86) were higher in women with major PP (Bahar et al. 2009). 

 

 

 

 

 

Figure 2. Different types of placenta previa.  
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Abnormally invasive placenta 
 

AIP is a clinical situation in which the placenta abnormally invades into the myometrium (the 
muscular uterine wall) and does not separate easily at delivery, leading to hemorrhage (Collins et 
al. 2016, Jauniaux et al. 2017, Society of Gynecologic Oncology 2018, Jauniaux et al. 2018b). This 
condition is also called “placenta accreta spectrum disorder” and “morbidly adherent placenta” in 
the recent literature (Fox et al. 2015, Collins et al. 2019).  

AIP can be divided into three forms, depending on the degree of invasion. The least severe, 
placenta accreta, is attached to the myometrium without an intervening decidua. Placenta increta 
is determined as a condition in which the chorionic villi invade deeper into the myometrium. 
Placenta percreta invades through the whole uterine wall and sometimes even to the adjacent 
organs, for example, the bladder or rectum (Jauniaux et al. 2017). Of all AIP cases, about 75% are 
represented by placenta accreta, followed by placenta increta (18%) and percreta (7%) (Miller et 
al. 1997). 

Although these conditions are rare, the incidence is rapidly increasing worldwide, mostly due to 
advanced CS rates (Jauniaux et al. 2018c, Collins et al. 2019). In the United States, the incidence 
increased from 1 in 30 000 pregnancies in the 1960s to approximately 1 in 2500 pregnancies in a 
cohort from 1985 to 1994 (Miller et al. 1997). In recent years, the incidence of placenta accreta is 
described to be 0.01  ̶0.3% of deliveries (Morlando et al. 2013, Society of Gynecologic Oncology 
2018).  

AIP is often associated with massive PPH, resulting in surgical interventions, major complications, 
and even maternal death (Higgins et al. 2013, Silver et al. 2015, Jauniaux et al. 2017), with 
mortality rates reported to be 6 ̶ 7%. Intraoperative hemorrhage typically exceeds three liters 
(Baughman et al. 2008). Women with AIP are also more likely to have hysterectomies (OR 209.0, 
CI 19.9 ̶ 875.0) and loss of fertility (Farquhar et al. 2017).   
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Figure 3. Different types of abnormally invasive placenta. 
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Genital tract trauma 
 

Genital tract trauma includes perineal, vaginal and cervical lacerations and hematomas and 
uterine rupture. Trauma should always be suspected if bleeding occurs despite a well-contracted 
uterus. Sometimes, the only signs of hematoma might be pain and vital sign deterioration without 
obvious bleeding (Committee on Practice Bulletins-Obstetrics 2018). Uterine rupture is a rare 
(incidence 0.06 ̶ 0.14%) but is a severe complication associated with a high rate of perinatal 
morbidity and mortality (Walsh et al. 2007, Ronel et al. 2012, Sturzenegger et al. 2017).  

 

Coagulation disorders 
 

Coagulation disorders are relatively uncommon but serious causes of PPH (Silver et al. 2010, 
Evensen et al. 2017). Coagulopathy can be inherited or acquired. Inherited coagulopathies are 
usually determined before the delivery. The most common inherited causes of coagulopathies are 
hemophilia and von Willebrand disease (Evensen et al. 2017). Conditions leading to acquired 
coagulopathy include amniotic fluid embolism, placental abruption, sepsis, severe pre-eclampsia 
or HELLP. All these conditions may lead to disseminated intravascular coagulation (DIC) and 
hypofibrinogenemia (Gibbs et al. 2008). The use of anticoagulant medication such as aspirin or 
heparins also have an influence on coagulation (Gibbs et al. 2008).  

The overall fibrinolytic capacity is attenuated during pregnancy, but in the uteroplacental 
circulation, significant activation of coagulation and fibrinolysis occurs simultaneously and leads to 
increased levels of fibrin degradation products (Ahonen et al. 2010). After childbirth, the early 
activation of fibrinolysis is recorded, possibly due to tissue damage during delivery (Kruithof et al. 
1987). In a woman with PPH, the ongoing fibrinolysis and fibrin degradation products may impair 
the hemostatic outcome (Kruithof et al. 1987, Ahonen et al. 2010). Severe PPH may also lead to 
excessive loss of coagulation factors. Dilutional coagulopathy occurs if blood loss is replaced by a 
combination of crystalloids and red blood cells without clotting factors and platelets (Gibbs et al. 
2008, Evensen et al. 2017).  
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2.1.4 Risk factors 
 

Several risk factors for PPH are known (Tables 1 and 2). The strongest independent risk factor is a 
history of severe PPH in a previous pregnancy (OR 8.97, CI 5.25  ̶15.33) (Nyflot et al. 2017). Other 
significant risk factors include anticoagulation medication (OR 4.79, CI 2.72 ̶ 8.41), anemia 
(hemoglobin ≤90, OR 4.27, CI 2.79 ̶ 6.54), severe pre-eclampsia or HELLP syndrome (OR 3.03, CI 
1.74–5.27), uterine fibromas (OR 2.71, CI 1.69–4.35) and multiple pregnancy (OR 2.11, CI 1.39–
3.22) (Nyflot et al. 2017). However, two-thirds of women whose delivery is complicated with PPH 
are healthy and young, without obvious risk factors for developing PPH (Sheiner et al. 2005, Wetta 
et al. 2013).  
 
Risk assessment tools have been developed to help in the antenatal detection of women at high 
risk for PPH (Shields et al. 2011, Lyndon et al. 2015). The tools take several risk factors into 
consideration and divide women into low, medium and high-risk groups for PPH (Lyndon et al. 
2015). Women in the low-risk group are those who had singleton pregnancies, fewer than four 
previous deliveries, an unscarred uterus and no history of PPH. At highest risk for PPH are women 
who have AIP, a known coagulation defect, history of PPH or significant bleeding when being 
admitted to the hospital (Lyndon et al. 2015). The risk assessment tools have been shown to 
identify 60–85% of women who will develop a significant PPH, although the specificity has been 
just below 60% (Shields et al. 2011, Lyndon et al. 2015). In Dilla et al. (2013), 0.8% of women in the 
low-risk group experienced massive PPH. 

Women with a history of CS presenting with PP are at highest risk for AIP. The incidence of PP with 
AIP has shown to be 4.1% in women with one prior CS and 13.3% in women with two or more 
previous CSs (Jauniaux et al. 2017). Silver et al. reported the risk of AIP among women with PP to 
be as high as 67% if the woman has had more than five previous CSs. However, both PP and prior 
CS alone are also risk factors for AIP. AIP occurs in 3% of women who have PP without previous CS 
(Silver et al. 2006). A large study from Silver et al. included 30 132 women with a history of CS and 
an absence of PP. The results showed that placenta accreta was present in 0.24% of women 
undergoing their first CS and in 6.74% of women undergoing their sixth or higher (Silver et al. 
2015). A prior CS alone and AIP without prior CS are also significant risk factors for uterine rupture 
(prior CS: OR 12.52, CI 5.21 ̶ 30.09; AIP without prior CS: OR 20.82, CI 2.48 ̶ 175.16) (Sturzenegger 
et al. 2017). 
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Table 1. Risk factors in relation to postpartum hemorrhage etiology  
(OR and CI are given if available) 

Etiology Risk Factor OR (95% CI) 

Atony Multiple pregnancy 
Birth weight ≥4000 g 
Polyhydramnion 
Uterine fibromas 
Induction of labor 
Augmentation of labor 
Prolonged second stage of labor 
Prolonged third stage of labor 
Chorioamnionitis 
Pre-eclampsia 
In-labor CS 
Anemia 

2.6 (0.6 ̶ 12.0) (Wetta 2013) 
1.1 (0.5 ̶ 2.3) (Wetta 2013) 
1.9 (0.7 ̶ 5.0) (Wetta 2013) 
2.71 (1.69 ̶ 4.35) (Nyflot 2017) 
2.3 (1.2 ̶ 4.3) (Wetta 2013) 
1.2 (0.7 ̶ 2.4) (Wetta 2013) 
2.30 (1.2 ̶ 4.6) (Miller 2017) 
1.9 (0.6 ̶ 5.4) (Wetta 2013) 
2.5 (1.5 ̶ 4.4) (Wetta 2013) 
2.8 (1.8 ̶ 4.4) (Wetta 2013) 
1.95 (1.53 ̶ 2.47) (Nyflot 2017) 
1.9 (0.6–2.8) (Wetta 2013) 
 

Placental retention Previous placental retention 
Previous CS 
Previous curettage 
Preterm birth 32 ̶ 34 weeks 
Preterm birth 35 ̶ 36 weeks 
Pre-eclampsia 
Delivery of a SGA neonate 
Stillbirth in primipara/multipara 
Prolonged second stage of labor 
Vacuum delivery 
Endometritis 
Chorioamnionitis 
 

21.72 (6.07 ̶ 77.7) (Klar 2013) 
8.82 (8.35 ̶ 8.91) (Greenbaum 2017) 
12.80 (10.57 ̶ 15.50) (Greenbaum 2017) 
2.35 (1.97 ̶ 2.81) (Endler 2014) 
1.55 (1.37 ̶ 1.75) (Endler 2014) 
1.37 (1.21 ̶ 1.54) (Endler 2014) 
1.47 (1.28 ̶ 1.70) (Endler 2014) 
1.71 (1.28 ̶ 2.29) (Endler 2014) 
2.03 (1.08 ̶ 3.82) (Greenbaum 2017) 
1.89 (1.48 ̶ 2.41) (Ashwal 2014) 
2.21 (1.64 ̶ 2.97) (Greenbaum 2017) 
3.35 (2.78 ̶ 4.04) (Greenbaum 2017) 

Genital tract trauma Primiparity 
Instrumental vaginal delivery 
Forceps delivery 
Previous CS 
Prolonged second stage of labor (≥2 hours) 
Precipitous delivery 
Fetal macrosomia 
Fetal occiput posterior position 
 

10.0 (3.0 ̶ 33.3) (Christianson 2003) 
2.24 (2.07 ̶ 2.42) (Simic 2017) 
10.8 (5.2 ̶ 22.3) (Christianson 2003) 
12.52 (5.21 ̶ 30.09) (Sturzenegger 2017) 
1.42 (1.28 ̶ 1.58) (Simic 2017) 
 
 

Coagulation abnormality Inherited coagulation factor deficiency 
Use of anticoagulation medication 
Severe infection 
Severe pre-eclampsia 
Placental abruption 
Amniotic fluid embolism 
 

 
4.79 (2.72 ̶ 8.41) (Nyflot 2017) 
 
3.03 (1.74 ̶ 5.27) (Nyflot 2017) 

OR=odds ratio, CI=confidence interval, CS=cesarean section, SGA=small for gestational age 
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Table 2. Risk factors for placenta previa and abnormally invasive placenta  
(OR and CI are given if available) 

Etiology Risk Factor OR (95% CI) 

Placenta previa 
 
 

 

One prior CS 
≥Four prior CSs 
ART in singleton pregnancies 
Spontaneous abortion 
Induced abortion 
Smoking 
Cocaine use 
PP in previous pregnancy 
Multiple pregnancy 
 

4.5 (3.6 ̶ 5.5) (Ananth 1997) 
44.9 (13.5 ̶ 149.5) (Ananth 1997) 
2.67 (2.01 ̶ 3.34) (Karami 2018) 
1.6 (1.0 ̶ 2.6) (Ananth 1997) 
1.7 (1.0 ̶ 2.9) (Ananth 1997) 
1.42 (1.30 ̶ 1.54) (Shobeiri 2017) 
1.4 (0.8 ̶ 2.4) (Handler 1994) 
 

Abnormally invasive placenta PP 
One prior CS 
Two prior CSs 
≥Three prior CSs 
PP and prior CS 
Age ≥40v in primiparous women 
ART 
PPH in previous pregnancy 
Multiple pregnancy 

292 (196–400) (Thurn 2016) 
6.6 (4.4 ̶ 9.8) (Thurn 2016) 
17.4 (9.0 ̶ 31.4) (Thurn 2016) 
55.9 (25.0 ̶ 110.3) (Thurn 2016) 
614 (372 ̶ 844) (Thurn 2016) 
19.1 (4.6 ̶ 80.3) (Farquhar 2017) 
3.1 (1.6 ̶ 5.8) (Thurn 2016) 
6.5 (3.7 ̶ 10.9) (Thurn 2016) 
6.1 (1.1 ̶ 34.1) (Farquhar 2017) 
 

OR=odds ratio, CI=confidence interval, CS=cesarean section, ART=artificial reproductive 
technology, PP=placenta previa, PPH=postpartum hemorrhage 
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2.1.5 Prevention 
 

The third stage of labor should be actively managed to reduce the incidence of PPH (WHO 2012, 
Begley et al. 2019). A Cochrane systematic review reported the relative risk for PPH >1000 ml to 
be 0.34 (CI 0.14 ̶ 0.87) if the third stage was actively managed (Begley et al. 2019). 

The three components of active management include (WHO 2012, Begley et al. 2019):  

1. Routinely administered bolus of oxytocin  
2. Uterine massage 
3. Controlled umbilical cord traction  
 
Previously, oxytocin was determined to be the most effective medication with minimal side effects 
compared to other uterotonics (i.e., prostaglandins, ergot alkaloids) (Westhoff et al. 2013). 
Oxytocin is also currently recommended by the World Health Organization (WHO) as a PPH 
prophylactic (WHO 2012). The Cochrane systematic review from 2013 showed that the 
prophylactic use of oxytocin at any dose decreased the incidence of PPH (RR 0.53, CI 0.38  ̶0.74) 
and the need for therapeutic uterotonics (RR 0.56, CI 0.36  ̶0.87). Oxytocin was also a better choice 
than ergot alkaloids (Westhoff et al. 2013). The latest Cochrane systematic review from 2018 
reported controversial results (Gallos et al. 2018), showing that ergot alkaloids in combination 
with oxytocin (RR 0.70, CI 0.59  ̶0.84), carbetocin (oxytocin analogue) alone (RR 0.72, CI 0.56 ̶ 0.93) 
and misoprostol (prostaglandin) in combination with oxytocin (RR 0.70, CI 0.58 ̶ 0.86) were more 
effective in the prevention of PPH ≥500 ml than oxytocin alone (Gallos et al. 2018), although 
combining medications is related to an increased risk for side effects (i.e., nausea, vomiting, 
hypertension, fever) (Gallos et al. 2018). 

The Cochrane systematic reviews have also been assessed for the use of prostaglandins to prevent 
PPH (Tuncalp et al. 2012, Oladapo et al. 2012, Hofmeyr et al. 2013b). Misoprostol compared with 
placebo seemed to be effective in reducing PPH (RR 0.66, CI 0.45 ̶ 0.98) and the need for blood 
transfusions (RR 0.31, CI 0.10 ̶ 0.94) (Tuncalp et al. 2012). However, misoprostol was associated 
with a higher risk of PPH compared to other uterotonics (RR 1.33, CI 1.16 ̶ 1.52) (Tuncalp et al. 
2012). Misoprostol is also associated with higher incidence of fever, especially in high doses (≥600 
μg) (Hofmeyr et al. 2013b). In low-resource settings, the application of oxytocin is limited, and 
therefore, misoprostol is a considerable option for PPH prevention (Prata et al. 2013).  

The effectiveness of uterine massage and controlled umbilical cord traction to prevent PPH are 
less clear. According to the Cochrane systematic reviews, controlled cord traction seems to reduce 
the need for manual removal of the placenta but does not prevent severe PPH (Hofmeyr et al. 
2015). Also, uterine massage has no benefit in PPH prophylaxis (Hofmeyr et al. 2013a). 

Antenatal anemia (hemoglobin ≤90 g/l) is associated with PPH (OR 4.27, CI 2.79 ̶ 6.54) (Nyflot et al. 
2017). The National Institute for Health and Care Excellence (NICE) recommends screening for 
anemia in pregnant women (NICE 2008). Iron supplementation should be considered if 
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hemoglobin levels are lower than 110 g/l at first contact or lower than 105 g/l after 28 gestational 
weeks (NICE 2008).  

 

2.1.6 Screening for placenta previa and antenatal diagnosis of abnormally invasive placenta 
 

Finnish law has guaranteed a free-of-charge, midwife-conducted prenatal screening of fetal 
anomalies and aneuploidies for pregnant women since 2007 (Ministry of Social Affairs and Health). 
The uptake of the screening program is approximately 95% in the Helsinki metropolitan area 
(personal communication, Vedran Stefanovic). The screening for fetal structural anomalies is 
performed between 18+0 and 21+6 gestational weeks, at which time the placental position is also 
determined.  

At Helsinki University Hospital (HUH), the protocol for the PP follow-up is based on a study of 
Taipale et al. (1998). In their study, 3696 pregnant women were systematically evaluated between 
18 and 23 gestational weeks by transvaginal ultrasound to determine the placental location. In 57 
women (1.5%), the placenta reached or overlapped the internal cervical os. The women were all 
called in for another ultrasound scan at 26–30 gestational weeks, and 91% of these women were 
re-scanned. Only ten women had PP at the time of re-scanning, and five had PP at term. In those 
five women, the placenta had covered the internal cervical os ≥15 mm at the mid-pregnancy 
screening. With 15 mm as a cut-off point, 27 women were screen-positive and all five PPs at term 
were found. Based on these results, if PP was suspected at a transabdominal ultrasound during 
the mid-pregnancy screening, Taipale et al. recommended a transvaginal ultrasound as well as a 
follow-up at 26  ̶30 gestational weeks for women whose placenta covered the internal cervical os 
≥15 mm (Taipale et al. 1998).   

Contrary to our follow-up protocol, the RCOG recommends a follow-up at 32 gestational weeks via 
a transvaginal ultrasound for all women who had major or minor PP at the mid-pregnancy 
screening (Jauniaux et al. 2018d, Jauniaux et al. 2018e). Kapoor et al. (2014) also recommended a 
follow-up for women whose placenta was <20 mm from the cervical os at screening. Their study 
included 181 women with minor PP. Composite outcomes were reported in 20 (11%) of these 
women, including PP (n=15), cord prolapse (n=3) and vasa previa (n=2) (Kapoor et al. 2014). If the 
repeat scan was only performed for the clinical indication of antenatal bleeding, fewer than half of 
these women with minor PP at term would have been identified (Kapoor et al. 2014). In Copland 
et al. (2012), 350 women with the placenta ≤20 mm from the cervical os were followed. At term, 
9% had persistent PP (Copland et al. 2012). Robinson et al. (2012) also reported an increased risk 
of PPH ≥1000 ml in women whose placenta was 0–30 mm from the cervical os compared to those 
whose placenta was >30 mm from the cervical os (7.6% versus 4.7%, p<0.05).  

Especially in women diagnosed with PP at the mid-pregnancy screening and with a history of CS, 
the existence of AIP should be evaluated carefully at the follow-up visit at 32 gestational weeks 
(Jauniaux et al. 2017, Jauniaux et al. 2018e). The AIP diagnosis is often missed during pregnancy; 
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for example, 70% of AIP cases were not diagnosed antenatally in a large Nordic study (Thurn et al. 
2016).  

Antenatal diagnosis of AIP and scheduled delivery with a multidisciplinary team is necessary to 
decrease PPH and complications related to AIP treatment (Tikkanen et al. 2011, Fitzpatrick et al. 
2014, Silver et al. 2015, Jauniaux et al. 2017). Tikkanen et al. (2011) reported the median 
estimated blood loss at the time of CS to be 4500 ml (range 100 ̶ 15 000 ml) in women with 
antenatal diagnosis of AIP and 7500 ml (range 2500 ̶ 17 000 ml) in women whose AIP was not 
diagnosed antenatally. 

The European working group for AIP (EW-AIP) has published standardized ultrasound descriptors 
to help diagnose AIP (Collins et al. 2016). A systematic review and meta-analysis from 2017 
showed a sensitivity of 97% (CI 93.0–99.0) and a specificity of 97% (CI 97.0–98.0) for antenatal 
detection of AIP among women with prior CS and PP when using the standardized ultrasound signs 
(Jauniaux et al. 2017). 
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2.1.7 Management 
 

Managing PPH requires a multidisciplinary approach that depends on the etiology of bleeding and 
the general condition of the patient. The amount of blood loss leads to the choice of optimal 
treatment, which includes early volume replacement, treatment of uterine atony, administration 
of tranexamic acid, removal of retained products and surgery for birth canal trauma. The main 
goal of management is not only to save lives but also to avoid complications and loss of fertility 
(Mousa et al. 2001, Ahonen et al. 2010, Mavrides et al. 2016). The protocol for PPH management 
is shown in Figure 4. 

 

General principles 
 

General principles in the management of PPH include: 

- Recognition of PPH 
- Calling for assistance 
- Estimation of the amount of blood loss 
- Establishing access to several veins  
- Taking blood samples for basic diagnostic tests (blood count, coagulation 

screen, kidney function, electrolytes, cross-matching test) 
- Replacing blood volume 
- Correction of coagulopathy   
- Monitoring vital parameters (pulse, blood pressure, urine output) 
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Active management of third stage of labor

Hemorrhage is estimated ≥500 ml, 
patient has deterioration of vital signs and bleeding continues

Etiology determination
Tranexamic acid intravenously
(not in cases of confirmed DIC)

Uterine atony

Uterine massage,
uterotonics

Placental retention
(total/partial)

Manual removal of 
placenta,
curettage

Genital tract trauma

Suturation,
hematoma drainage

Coagulopathy

Observe clotting and 
fibrinolysis,

clotting factors,
frozen plasma,

platelets

- call for help
- laboratory evaluation
- venous access
- blood volume replacement
- coagulopathy correction
- vital parameters monitoring
- DIC score determination

Balloon 
tamponade 

Pelvic artery 
embolization 

Pelvic artery ligation, 
uterine compressive 

sutures, 
hysterectomy 

Pelvic artery 
embolization 

Figure 4. Management protocol for PPH (Ahonen et al. 2010, Erez et al. 2014, Mavrides et al. 2016, 
Evensen et al. 2017). 
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Conservative management 
 

Conservative management is primarily the treatment of uterine atony. When genital tract 
lacerations are excluded or sutured and the emptiness of the uterine cavity is ensured, the 
ongoing bleeding is due to uterine atony in most cases. First-line therapy consists of oxytocin 
infusion and uterine massage. Bladder emptiness must also be ensured. Second-line uterotonics 
include prostaglandins and ergot alkaloids (Ahonen et al. 2010, Mavrides et al. 2016). 

Sulprostone (analogue of prostaglandin E2) has been used to treat both uterine atony and 
retained placenta without massive PPH (van Beekhuizen et al. 2006, Stefanovic et al. 2013). Two 
studies showed that there was less of a need for the manual removal of the placenta when using 
sulprostone infusion (49% and 40%, respectively) (van Beekhuizen et al. 2006, Stefanovic et al. 
2013). In Stefanovic et al.’s study, the mean blood loss was significantly lower in women who were 
managed with sulprostone infusion compared to women who underwent manual removal of the 
placenta (582 ml versus 1275 ml). No adverse effects related to sulprostone infusion occurred. 
None of the women required intensive care, and there was no significant postpartum morbidity in 
either group (Stefanovic et al. 2013). 

Tranexamic acid inhibits the enzymatic breakdown of fibrinogen and fibrin. A large (n=20 060) 
international randomized double-blind placebo-controlled trial showed that administration of 
tranexamic acid reduces deaths (RR 0.81, CI 0.65 ̶ 1.0, p=0.045) but does not reduce 
hysterectomies in women with PPH, regardless of the mode of delivery. Tranexamic acid was 
especially effective if given within three hours of delivery. No major adverse effects like 
thromboembolic complications occurred. This study confirmed that tranexamic acid should be 
given as soon as possible after bleeding onset (WOMAN Trial Collaborators 2017). The HUH 
recommendation for the use of tranexamic acid is to administer 1 g intravenously when bleeding 
reaches 500  ̶800 ml. A repeated dosage of 1 g is recommended if bleeding continues and reaches 
1200 ̶ 1500 ml. 
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Tamponade 
 

In stable patients, uterine or vaginal tamponade is a useful option for second-line therapy of PPH, 
depending on the site of bleeding. Packing with gauzes was the earliest method, but it was 
associated with an increased risk for infections and for difficulties detecting ongoing bleeding 
(Eastman 1950). In the last fifteen years, balloon tamponade has mostly replaced packing with 
gauzes.  

There are few hypotheses about the mechanism of achieving hemostasis using uterine balloon 
tamponade (Belfort et al. 2011a, Kong et al. 2018a). Belfort et al. (2011a) suggest that the uterine 
tamponade balloons compress the uterine arteries and thus reduce uterine artery perfusion. Kong 
et al. reported opposite results. In a small cohort (n=20), they showed that intraluminal pressure 
of the uterine balloon (67 ̶ 92 mmHg) was lower than the patients’ systolic blood pressure. This 
implies that the mechanism of achieving hemostasis is probably due to compression of the vessels 
of the placental bed rather than exceeding systolic blood pressure or blocking blood flow in the 
uterine arteries (Kong et al. 2018a). 

Several balloons have been introduced, including Foley’s catheter (De Loor et al. 1996), the 
Sengstaken-Blakemore tube (Chan et al. 1997), the Rusch catheter (Johanson et al. 2001), the 
condom catheter (Akhter et al. 2003), the Bakri balloon (BB) (Cook® Medical Incorporated, 
Bloomington, IN, USA) (Bakri et al. 2001) and the ebb complete tamponade system (ebb, Clinical 
Innovations, Salt Lake City, UT, USA) (Dildy et al. 2014). The difference between these catheters is 
mostly related to the balloon volume, material and presence of a cavity to drain blood. The BB and 
the ebb dual balloon are the only balloons exclusively designed to treat obstetric hemorrhage with 
good success rates. The largest case series included 407 patients and has reported a success of 
91.7% (Wang et al. 2018).  

 

Pelvic arterial embolization 
 

When conservative management fails, proceeding to pelvic arterial embolization (PAE) or surgical 
procedures is mandatory without delay. PAE is a widely accepted and effective therapeutic 
approach in various etiologies of PPH (Lee et al. 2012). Success rates vary from 85% to 95% in 
recent publications (Chen et al. 2018).  
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Surgical management 

 

Uterine compression sutures 

Uterine compression sutures have been used in the treatment of uterine atony. The best-known 
version of uterine compression sutures was introduced by B-Lynch in 1997. It requires 
hysterotomy for insertion and is thus a suitable method, especially during CS (B-Lynch et al. 1997). 
Since 1997, several compression suture modifications have been described, with the inventor’s 
name being used (Cho et al. 2000, Hayman et al. 2002, Pereira et al. 2005, Hwu et al. 2005, 
Ouahba et al. 2007, Hackethal et al. 2008). The success rate of achieving hemostasis with these 
methods has varied from 76% to 100% in the studies mentioned above. Complications related to 
uterine compression sutures are relatively rare, although often severe when they occur. They 
include uterine necrosis, uterine synechiae, pyometra and endometritis (Ochoa et al. 2002, Joshi 
et al. 2004, Wu et al. 2005, B-Lynch 2005, Suzuki et al. 2017). The influence on subsequent 
pregnancies seems to be minimal (An et al. 2013). An et al. did not find any differences in 
miscarriages (9.5% versus 10.1%) or preterm deliveries (4.7% versus 5.0%) between women who 
did or did not receive uterine compression sutures in their previous deliveries. The only difference 
between these groups was the rate of pelvic adhesions in repeat CS, which was significantly higher 
among women who were managed with uterine compression sutures compared to the control 
group (34.3% versus 17.5%) (An et al. 2013).  

 

Figure 5. B-Lynch sutures. 
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Artery ligation 

Ligation of the uterine arteries or the internal iliac arteries can be used in a selective group of 
women regardless of the etiology of PPH (Joshi et al. 2007). These procedures are technically 
difficult, and success rates to stop bleeding vary widely from 40% to 100%, depending on the 
experience of the surgeon (Clark et al. 1985, Chattopadhyay et al. 1990, AbdRabbo 1994, Joshi et 
al. 2007, Camuzcuoglu et al. 2010, Boynukalin et al. 2013).  
 
In approximately 50% of cases, hysterectomy can be avoided by using artery ligation (Gilstrap et 
al. 1994). Joshi et al. (2007) reported higher hysterectomy rates among women with uterine 
rupture managed with uterine artery ligation (79%) than in women with non-traumatic PPH (27%) 
managed with uterine artery ligation. In another study, the failure of internal iliac artery ligation 
was more common in women with atonic PPH (Chattopadhyay et al. 1990). Internal iliac artery 
ligation might also be beneficial after postpartum hysterectomy (Chattopadhyay et al. 1990), 
although Iwata et al. (2010) showed that, in cases with AIP, ligation of the internal iliac arteries did 
not significantly contribute to hemostasis during cesarean hysterectomy.  

Complications are usually severe but quite rare (0 ̶ 4%). The severe complications include iliac vein 
ruptures and ureter injuries (Joshi et al. 2007, Boynukalin et al. 2013). Ligation of the internal iliac 
arteries may also lead to ischemic complications of the pelvic area (buttock claudication, buttock 
necrosis, spinal cord ischemia, colonic ischemia and bladder necrosis) (Chitraqari et al. 2015). 
Chitraqari et al. (2015) showed that these complications were less frequent in obstetric patients 
compared with oncology or vascular patients. Internal iliac artery ligation without hysterectomy 
seems to have no adverse effects on subsequent fertility or pregnancy outcomes, although the 
evaluation of fetal growth during the pregnancies is recommended (Nizard et al. 2003, Sziller et al. 
2007, Unal et al. 2011, Doumouchtsis et al. 2014). 

 

Hysterectomy 

Hysterectomy is mandatory if a woman has life-threatening bleeding after delivery and if other 
methods have failed (Ahonen et al. 2010). According to two recent review articles, hysterectomy 
seems to complicate approximately 0.6 ̶ 0.7:1000 deliveries (van den Akker et al. 2016, Cheng et al. 
2016). The most common indication for peripartum hysterectomy was AIP in both reviews. Also, 
uterine rupture and prior CS were major factors leading to hysterectomy (van den Akker et al. 
2016). Van den Akker et al. (2016) reported a mortality rate of 5.2:100 hysterectomies. 
Hysterectomy also means a loss of fertility. 

Hysterectomy requires surgical skills, and it may cause significant morbidity and iatrogenic lesions 
to the adjacent organs (ureter, urinary bladder, pelvic vessels) (Wani et al. 2014). Cheng et al.  
(2016) reported complication rates to be as high as 63%. Compared with non-obstetric 
hysterectomy, peripartum hysterectomy contains a higher rate of complications: bladder injury 9% 
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versus 1%, ureter injury 0.7% versus 0.1%, re-operation 4% versus 0.5%, transfusions 46% versus 
4% and wound complications 10% versus 3% (Wright et al. 2010). Additionally, when comparing 
women with AIP undergoing hysterectomy to women with atony undergoing hysterectomy, the 
risk of bladder or ureter injury is two- to threefold higher in women with AIP (Wright et al. 2010). 

 

Management of placenta previa 

 

Mid-pregnancy fetal structural scanning includes the determination of the placental location. If 
major PP is suspected, the follow-up should be arranged at around 32 gestational weeks (Jauniaux 
et al. 2018e). The need for follow-up of minor PP is controversial (Taipale et al. 1998, Robinson et 
al. 2012, Copland et al. 2012, Kapoor et al. 2014, Heller et al. 2014). Taipale et al. (1998) 
recommend a follow-up after mid-pregnancy only for women with PP overlapping the cervical os 
≥15 mm. However, a follow-up for women with minor PP was also recommended by the RCOG 
and two more recent studies (Copland et al. 2012, Kapoor et al. 2014, Jauniaux et al. 2017). 

Women with asymptomatic PP can be cared for as outpatients (Silver 2015). In cases with 
recurrent bleeding episodes, hospitalization is needed. A retrospective study of 214 women 
showed that, as episodes of bleeding increased, preterm emergency CS was required more 
frequently. If a woman had one bleeding episode, the odds ratio (OR) for emergency CS was 7.5 (CI 
2.5–23), and if she had three or more bleeding episodes, the OR was 27 (CI 8.3–90). The need for 
blood transfusions also increased (OR 6.4, CI 1.7–23) (Ruiter et al. 2016).  

Routine antenatal corticosteroid therapy for diminishing neonatal respiratory morbidity is 
recommended between 34 and 35+6 weeks of gestation for women with PP, even without clinical 
symptoms (Jauniaux et al. 2017). The incidence of major hemorrhage is shown to increase after 36 
gestational weeks. The risk for hemorrhage has been reported to be 4.7% by 35 gestational weeks, 
30% by 37 gestational weeks and 59% by 38 gestational weeks (Zlatnik et al. 2007). Thus, elective 
CS for asymptomatic women should be planned between 36 and 37 gestational weeks. A late 
preterm (from 34 to 36+6 gestational weeks) delivery should be considered if several bleeding 
episodes have occurred or if a woman has other significant risk factors for preterm delivery 
(Zlatnik et al. 2010, ACOG 2013, Jauniaux et al. 2017).  

In women with minor PP with no antepartum hemorrhage, vaginal delivery can be considered, 
especially when the placental edge is not thick and the distance between the internal cervical os 
and the placental edge is ≥10 mm (Nakamura et al. 2012, Al Wadi et al. 2014). 

Women undergoing CS for PP are at increased risk of massive hemorrhage (Baba et al. 2014). 
Thus, CS should be arranged in a hospital with blood bank services and with an intensive care unit 
(Jauniaux et al. 2017). Also, an experienced surgeon and anesthesiologist should be present 
(Jauniaux et al. 2017). Additive treatment modalities are often needed to control PPH and avoid 
hysterectomy (Jauniaux et al. 2017). In recent years, intrauterine balloon tamponade has been 
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increasingly used either prophylactically to prevent PPH, or in cases of acute PPH due to PP (Cho et 
al. 2015, Maher et al. 2017). 

 

Management of abnormally invasive placenta 

 

Optimal management of AIP requires an antenatal diagnosis and a detailed management strategy 
(Allen et al. 2018, Collins et al. 2019). The International Society of Abnormally Invasive Placenta 
(IS-AIP) recently published evidence-based guidelines for AIP management (Collins et al. 2019).  

An asymptomatic woman with AIP can be cared for as an outpatient. CS should take place in a 
tertiary center with a multidisciplinary team with significant experience managing AIP. Immediate 
availability of blood products and adult and neonatal intensive care units are mandatory. The 
timing of the delivery should be tailored individually (Allen et al. 2018, Collins et al. 2019). To avoid 
emergency CS, delivery between 34 and 35 gestational weeks has been suggested (Belfort 2011b, 
Jauniaux et al. 2017, Collins et al. 2019); to reduce the risk of neonatal morbidity, however, 
expectant management until 36 gestational weeks in women with no risk factors for preterm 
deliveries might be reasonable (Collins et al. 2019).  

Antenatal steroid administration is always recommended if delivery occurs before 34 gestational 
weeks. Between 34 and 37 gestational weeks, administration should be considered on an 
individual basis, while taking other risk factors for neonatal respiratory problems into account. AIP 
itself does not seem to have an influence on neonatal respiratory morbidity or mortality (Collins et 
al. 2019). 

During CS, after laparotomy, the uterine surface should be inspected for signs of AIP 
(bluish/distended uterine surface, placental tissue invasion through the uterine surface, abnormal 
neovascularization), and the uterine incision should be made avoiding placental transection. If the 
AIP diagnosis is still not clear after inspection and delivery of the infant, a gentle cord traction 
should be attempted. If the traction causes the uterine wall to pull inward without any sign of 
placental separation, no further traction is recommended. The next treatment options are 
expectant management (=leaving placenta in situ), hysterectomy or local uterine resection. If the 
diagnosis of AIP is unsure but not probable, manual removal of the placenta can also be attempted 
in combination with uterine-sparing surgery if needed (Sentilhes et al. 2018, Collins et al. 2019).  

Kutuk et al. published a case series of 79 women with AIP (accreta n=33, increta n=18, percreta 
n=28) treated either with hysterectomy (group 1, n=27), expectant management (group 2, n=15) 
or manual removal of the placenta combined with conservative surgery (group 3, n=37). The 
results showed that total blood loss was lowest in women with expectant management (group 1: 
2000 ml, group 2: 400 ml, group 3: 3000 ml). The difference was statistically significant compared 
to the other groups. A difference in surgical complication rates among the three groups was not 
found (group 1: 15%, group 2: 7%, group 3: 30%; p=0.119) (Kutuk et al. 2018). However, other 
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studies have reported severe complications related to expectant management, including uterine 
infection, placental abscess formation, sepsis, DIC and massive secondary PPH (Fox et al. 2015, 
Sentilhes et al. 2018). 

Prophylactic balloon occlusion (PBO) of the iliac arteries, PAE and uterine balloon tamponade had 
been used in selective cases of AIP to control hemorrhage. These methods are described later. 
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2.1.8 Consequences 

 

Physical outcomes 

 

Of all maternal deaths, more than half occur within 24 hours after delivery. About three-quarters 
of deaths are suggested to be due to direct obstetric causes, with PPH being the leading single 
cause (WHO 2005, Say et al. 2014). It is estimated that, globally, a woman dies from PPH every 
four minutes, which is a total of 130 000 maternal deaths annually (ACOG 2006). Between 2003 
and 2009, the estimated number of maternal deaths due to obstetric hemorrhage was 661 000 
(27.1% of all maternal deaths) worldwide (Say et al. 2014). In high-income countries, the absolute 
risk of death is lower (1 ̶ 1.7:100 000 live births) compared to low-income countries (1:1000 live 
births) (Mousa et al. 2001, Creanga et al. 2017). Mortality from PPH has decreased since the late 
1980s in the United States, and it accounted for 11.4% of maternal deaths between 2011 and 2013 
(Creanga et al. 2017). In Finland, there were 37 maternal deaths between 1996 and 2010; six 
(16.2%) of these were related to PPH, which was the second most common reason for maternal 
deaths after thromboembolic complications (www.stat.fi).  

PPH also causes maternal morbidity. The morbidity rate is estimated to be 6.7:1000 deliveries 
(Waterstone et al. 2001). Severe secondary morbidities include adult respiratory distress 
syndrome, acute renal failure, pituitary necrosis (Sheehan’s syndrome), cardiogenic shock, DIC and 
loss of fertility (Committee on Practice Bulletins-Obstetrics 2017).  

 

Psychological outcomes 

 

PPH, complicated delivery and hysterectomy may cause transient psychological stress or even 
long-term adverse psychological outcomes, including symptoms of post-traumatic stress disorder 
(PTSD) (Table 3). These problems affect not only women but also their partners and families 
(Sentilhes et al. 2011, Thompson et al. 2011, Elmir et al. 2012, Snowdon et al. 2012, de la Cruz et al. 
2016, Eckerdal et al. 2016, Dunning et al. 2016, Carroll et al. 2016, Zaat et al. 2018). The diagnostic 
criteria for PTSD are shown in Table 4. 

Sentilhes et al. reported that 67.6% of women who experienced PPH have negative memories of 
the delivery despite uterine preservation (Sentilhes et al. 2011). In Thompson’s study, over 20% of 
the women reported inadequate information and counseling after PPH (Thompson et al. 2011). 
The lack of information also affected partners (Snowdon et al. 2012, Dunning et al. 2016, van 
Stralen et al. 2010). 

The review article from 2016 included six studies focusing on maternal morbidity after PPH. The 
main finding was a 13% incidence of postnatal depression and a 3% incidence of PTSD (Carroll et 
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al. 2016). Both PPH and postpartum hysterectomy seem to predispose to the development of 
PTSD (Carroll et al. 2016, Zaat et al. 2018). De la Cruz et al. (2016) showed that women were 
nearly 2.5 times more likely to have PTSD six months after delivery if they experienced peripartum 
hysterectomy (OR 2.46, CI 1.92 ̶ 3.16). Also, Tol et al. (2019) showed that women with antenatally 
diagnosed AIP seem to be at significant risk of developing PTSD compared to those who 
underwent uncomplicated CS for other indications (p=0.001).  
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Table 3. Psychological outcomes after postpartum hemorrhage and complicated delivery 

Author, 
year, 
country 

Study design Objective Cases (n) Study cohort Main results 

Sentilhes, 
2011,  
France 

Semi-structured 
telephone interview 

Long-term 
psychological 
impact of 
severe PPH 

68 Women with 
PPH, women 
with EPH 
excluded 

68% reported negative 
memories of the 
delivery 

Thompson, 
2011, 
Australasia 

Validated 
questionnaires (EPDS, 
STAI, Milligan’s 10-
item scale, 17-item 
PTDS checklist, 
SF36v2) 

Experiences 
of care, 
concerns and 
needs after 
significant 
PPH 

167 Women with PPH 
≥1500ml and/or 
a decrease in 
hemoglobin 
concentration to 
7 g/dl or less 
and/or of 4 g/dl 
more 

20% reported lack of 
information, 
acknowledgment and 
reassurance after the 
delivery 

Elmir, 
2012, 
Australia 

Semi-structured  
face-to-face, email or 
telephone interview 
 

Experiences 
with EPH 
following a 
severe PPH 

21 Women with PPH 
followed with 
EPH  

Severe PPH is traumatic 
to women and their 
families 

Snowdon, 
2012,  
Great 
Britain 

Semi-structured  
face-to-face interview 
 

Experiences 
of severe  
PPH 

9 women 
6 partners 

Women with 
severe PPH and 
their partners 

Main experiences were 
communication 
difficulties, 
disempowerment and 
information deprivation 

de la Cruz, 
2016,  
USA 

Retrospective cohort 
design, validated 
online screening for 
PTSD 

  

Association 
between EPH 
and PTSD 

74 (EPH) 
335 (no EPH) 

Women with EPH Statistically significant 
association with EPH 
and PTSD was found 

Eckerdal, 
2016,  
Sweden 

Nested cohort study, 
validated 
questionnaire (EPDS) 

Association 
between PPD 
and PPH 

196 (≥1000 ml) 
250 (<650 ml) 

Women with PPH 
≥1000 ml 

No association with 
PPH and PPD was found 

Dunning, 
2016, 
Great 
Britain 

Semi-structured 
interview 

Emotional 
impact of  
PPH 

11 women 
6 partners 

Women with 
minor (500–1000 
ml), moderate 
(1000–2000 ml) 
and severe PPH 
(>2000 ml) 

Women with PPH of 
any volume require 
more information 

PPH=postpartum hemorrhage, EPH=emergency peripartum hysterectomy, PTSD=post-traumatic 
stress disorder, PPD=postpartum depression 
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Table 4. Diagnostic criteria for post-traumatic stress disorder (PTSD) (Modified from 10th revision of 

the International Statistical Classification of Diseases and Related Health Problems, ICD-10) 

Stressor criterion A.  

1. Event is exceptionally threatening or catastrophic. 

2. Event is likely to cause pervasive distress in almost 
anyone. 

Symptom criterion Necessary symptoms: 

B. Patient persistently remembers or “relives” the 
stressor in “flashbacks” or recurring dreams. Patient 
experiences distress when exposed to circumstances 
resembling the stressor or those associated with it. 
 
C. Patient has actual or preferred avoidance of 
circumstances associated with the stressor.  
 
D.  

1. Patient is unable to recall some important aspects of 
the stressful event. 

 OR 

2. Patient has persistent symptoms of increased 
psychological sensitivity and autonomic hyper-arousal 
(at least two of the following symptoms): 

a. Difficulty falling or staying asleep 

b. Irritability or anger 

c. Concentrating difficulties 

d. Hypervigilance 

e. Exaggerated startle response. 

Time frame Symptoms arise within six months of the traumatic 
event. 
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2.2 BAKRI BALLOON TAMPONADE 

 

2.2.1 Device 
 

The Bakri balloon (BB) (Cook® Medical Incorporated, Bloomington, IN, USA) was the first 
tamponade balloon designed exclusively for obstetric indication (Bakri et al. 2001).  

The BB is a silicone-made, latex-free inflatable tamponade balloon. It is 58 cm long. The 
manufacturer’s maximum recommended inflation volume is 500 ml of sterile fluid, although the 
maximum filling volume has shown to be 2850 ml before the BB ruptures (Antony et al. 2017). The 
BB contains rapid installation components, which facilitate the inflation. The tip of the BB is 
designed with two holes for drainage, so ongoing bleeding is easy to detect (Bakri et al. 2001, 
www.cookmedical.com) (Figure 6).  

 

2.2.2 Placement 

 

The BB can be placed into the uterus or vagina depending on the bleeding site. Uterine placement 
can be performed through the cervical opening after vaginal delivery or abdominally through 
hysterotomy after CS. The correct placement after vaginal insertion should be confirmed via 
ultrasound. Traction (a maximum of 500 g) can be applied to the balloon shaft if needed. The 
maximum usage time is 24 hours, although the balloon can be removed earlier if bleeding is 
controlled and the patient is stable. While using the BB, routine antibiotic prophylaxis and urine 
output monitoring are recommended (www.cookmedical.com). 

Inflation volume can be determined by a “tamponade test’” (Georgiou 2010, Yorifuji et al. 2011). If 
positive, it means that the BB is inflated gradually until the bleeding stops. If the bleeding does not 
stop when the maximum amount of fluid (500 ml) is filled, the test has failed and additional 
management is needed. 
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Figure 6. Bakri balloon. 
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2.2.3 Obstetric indications  

 

The overall rate of Bakri balloon tamponade (BBT) use is estimated to be about 0.2% among all 
deliveries (Wright et al. 2014). Approximately 75% of the insertions have followed vaginal delivery 
according to a review of Said Ali et al. (2019).  

The two main indications for BBT are uterine atony and PP (www.cookmedical.com, Wright et al. 
2014, Said Ali et al. 2019). An increasing number of publications on the off-label BBT also highlight 
its use for other obstetrical emergencies (e.g., vaginal lacerations and paravaginal hematomas, 
uterine inversion and pelvic floor hemorrhage) (Gizzo et al. 2013, Kaya et al. 2014a, Charoenkwan 
et al. 2014, Alouini et al. 2015). 

Most recent publications have assessed cases of uterine atony and PP (Table 5). BBT seems to 
decrease hysterectomy rates in both indications (Revert et al. 2018, Lo et al. 2017). Lo et al. 
reported hysterectomy rates in women with uterine atony to be 7.8:10 000 before BBT was 
routinely used and 2.3:10 000 after its regular implementation. This difference was statistically 
significant (p=0.01) (Lo et al. 2017).  

In cases of uterine atony, BBT can be used when the primary treatment with uterotonics and 
uterine massage has failed (Kaya et al. 2014b, Lo et al. 2017). Early detection of PPH with rapid 
usage of BBT seems to be the most effective treatment modality (Wang et al. 2018). Wang et al. 
(2018) showed that, during vaginal deliveries, women with hemorrhage of >2000 ml before BBT 
had significantly more total blood loss (551.67 ± 635.17 ml versus 242.06 ± 313.69 ml) and lower 
maternal hemoglobin levels (73 ± 21.77 g/l versus 92.06 ± 19.60 g/l) than those with hemorrhage 
of <1000 ml before BBT.  

In cases of PP, BBT can be inserted when acute PPH occurs, or it can be used prophylactically to 
prevent massive PPH in the placental site (Kumru et al. 2013, Beckmann et al. 2014, Cho et al. 
2015, Maher et al. 2017, Soyama et al. 2017). In this indication, traction can be applied to the 
balloon shaft to increase the balloon pressure against the placental bed. Soyama et al. (2017) 
demonstrated that the routine rapid insertion of the BB during CS in women with PP significantly 
decreased intraoperative hemorrhage (991 g versus 1250 g) and postoperative hemorrhage (62 g 
versus 150 g) and shortened the duration of CS (30 min versus 50 min). On the contrary, 
Beckmann et al. (2014) did not find a significant reduction in hemorrhage using BBT 
prophylactically in women with PP, but they concluded that the method is beneficial with no 
evidence of increased complications.  

Promising success rates in women with AIP have also been reported (Pala et al. 2018). Pala’s study 
included 36 patients diagnosed pre- or intraoperatively with placenta accreta or increta. Of the 
women, 19 were treated with BBT, while 17 were treated with hysterectomy. The success rate of 
BBT was 84.2%. The mean amount of blood loss (2694 ± 893 ml versus 1794 ± 725 ml) and the 
need for blood transfusion (5.7 ± 2.4 units versus 2.7 ± 2.6 units) was higher in the cesarean 
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hysterectomy group, and the operation time was longer (140 ± 51 min versus 64.5 ± 29 min). They 
concluded that, in cases with AIP, uterine balloon tamponade before hysterectomy is encouraging 
with its advantages compared to hysterectomy alone, especially when trying to preserve fertility 
(Pala et al. 2018). 

Only a few case reports concerning indications other than uterine atony and PP exist. BBT seems 
to be effective in cases of vaginal tears or paravaginal hematomas, although the reported number 
of such cases is small (Tattersall et al. 2007, Gizzo et al. 2013, Alouini et al. 2015). In three 
reported cases, uterine inversion is treated successfully with reposition and BBT (Kaya et al. 
2014a, Ida et al. 2015, Vivanti et al. 2017). One case report describes successful balloon insertion 
into a bicornuate uterus during CS (Abraham 2017), although the manufacturer does not 
recommend BBT for women with uterine anomalies. In that case, the right uterine horn was atonic 
compared to the left, and there was ongoing bleeding despite the use of uterotonic medication. 
The BB was inserted into the right horn and atony was solved (Abraham 2017). 

 

2.2.4 Contraindications 
 

The manufacturer stated a few contraindications of BBT use: uncontrollable bleeding needing 
additional treatment modalities; DIC; purulent infection in the vagina, cervix or uterus; untreated 
uterus anomaly; and cervical cancer (www.cookmedical.com). 
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2.2.5 Combination with other treatment methods  
 

In cases of uterine atony, BBT has been combined with uterine compression sutures (=uterine 
sandwich technique) with good success rates (Nelson et al. 2007, Yoong et al. 2012, Diemert et al. 
2012). Diemert et al. reported a cohort of 24 women treated with BBT alone or with the uterine 
sandwich technique. With BBT alone, 60% of women were treated successfully, and 30% were 
successful using BBT combined with uterine compression sutures (Diemert et al. 2012). In Yoong et 
al., 11 women had uterine atony due to PP. The combined technique was successful in all cases, 
and hysterectomy was avoided (Yoong et al. 2012). Guo et al. (2018) reported that BBT combined 
with vaginal tamponade and compression sutures (n=163, success rate 96.3%) was even more 
effective than BBT alone (n=142, success rate 87.3%). 

Three small studies have compared the efficacy of BBT and uterine compression sutures in uterine 
atony during CS (Kavak et al. 2013, Kaya et al. 2016, Cekmez et al. 2015). The success rates were 
similar between these methods. However, the results concerning operation times were 
controversial. Kavak et al. (2013) reported shorter operation times (62.8 ± 3.9 min versus 78.3 ± 
8.1 min) and less blood loss (intraoperative hemorrhage 1520 ± 92 ml versus 1946 ± 242 ml, 
postoperative hemorrhage 120 ± 56ml versus 351 ± 70ml) while using BBT. Their study was a 
randomized study including women with PP and atony. Six women were managed with uterine 
compression sutures and seven with BBT (Kavak et al. 2013). Kaya’s retrospective case series 
included 21 women managed with BBT and 24 managed with B-Lynch sutures. They reported a 
longer operation time with BBT, but they considered it a less invasive method and easier to learn 
(Kaya et al. 2016). Cekmez’s (case series study, n=32) results suggested that BBT in combination 
with uterine artery ligation and uterine compression sutures might be the most effective surgical 
approach in treating PPH due to uterine atony (Cekmez et al. 2015). These results confirm that the 
usage of BBT does not exclude the use of other methods, especially when BBT fails. 
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2.2.6 Success rate 
 

BBT is considered successful if bleeding stops after balloon insertion and if no further 
interventions are needed. The reported hysterectomy rate is about 1% among women who 
required BBT (Said Ali et al. 2019). Previous studies have shown high success rates, which are 
summarized in Table 5.  

 

Table 5. Success rates of Bakri balloon tamponade 

Author, year, country Cases 
(n) 

Indication of BBT Success  
rate (%) 

 
Bakri, 2001, Saudi Arabia 

 
5 

 
PP 

 
60 

Vitthala, 2009, Great Britain  15 PP, accreta 80 
Patacchiola, 2012, Italy 16 atony, PP 100 
Laas, 2012, France 43 atony 86 
Aibar, 2013, Spain  24 atony, PP, accreta 87.5 
Kumru, 2013, Turkey 25 PP 88 
Vrachnis, 2013, Greece 18 atony, PP, placental retention, trauma 94.4 
Olsen, 2013, USA 35 N/A 67.6 
Kong, 2013, Hong Kong 19 atony, PP 79 
Kaya, 2014, Turkey 
Martin, 2015, France 

45 
49 

atony 
atony, PP, placental 
abruption/retention 

75.5 
65 

Cekmez, 2015, Turkey 32 atony 70 
Alouini, 2015, France 61 atony, PP, placental retention, trauma 88 
Alkis, 2015, Turkey 47 atony, PP, placental retention 91.4 
Vintejoux, 2015, France and Austria 36 atony 69 
Cho, 2015, Korea 64 PP 75 
Kaya, 2016, Turkey and Germany 21 atony 80 
Nagai, 2016, Japan 10 atony, PP 90 
Brown, 2016, Kenya 58 atony 95 
Maher, 2017, Saudi Arabia 72 PP 87.5 
Mathur, 2018, Singapore 49 atony, accreta, placental retention 81.6 
Pala, 2018, Turkey 
Revert, 2018, France 

19 
226 

accreta and increta 
atony, PP 

84.2 
83.2 

Wang, 2018, China 407 N/A 91.7 
Grange, 2018, France 108 atony, PP, accreta, placental retention 74.1 

 

BBT=Bakri balloon tamponade, PP=placenta previa, N/A=not applicable 
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2.2.7 Factors related to failure 
 

Possible factors related to BBT failure seem to be undiagnosed AIP (p=0.011), hemorrhage of 
>1500 ml (p<0.001) or presence of coagulopathy (OR 5.6, CI 2.5  ̶13.0) at the time of BB insertion, 
history of CS (OR 8.90, CI 2.27  ̶34.83) and CS as a current mode of delivery (OR 3.5, CI 1.6 ̶ 7.5), 
anterior placentation in PP patients (OR 12.75, CI 1.04  ̶155.94) and catheter drainage volume of 
>500 ml within an hour after BB placement (p<0.01) (Olsen et al. 2013, Cho et al. 2015, Revert et 
al. 2017, Mathur et al. 2018, Grange et al. 2018). Grange et al. (2018) also reported obesity (BMI 
≥30 kg/m2) as a predictive factor for BBT failure (OR 4.40, CI 1.06 ̶ 18.31) after vaginal delivery. 

 

2.2.8 Complications 

 

The majority of previous studies report no complications related to BBT (Patacchiola et al. 2012, 
Kumru et al. 2013, Beckmann et al. 2014, Vintejoux et al. 2015, Alkis et al. 2015). However, in 
some studies, a few minor complications have been documented, including endometritis (Laas et 
al. 2012, Revert et al. 2017) and pain (Aibar et al. 2013) in single cases. Several balloon prolapses 
after insertions have been described, although the BB was mostly successfully re-inserted, and 
cessation of bleeding was achieved (Vintejoux et al. 2015, Soyama et al. 2017). The incidence of 
displacement is described to be about 10% (Wright et al. 2014, Said Ali et al. 2019).  

Five case reports have shown severe complications related to BBT. In one case, the drainage 
channel of the BB was blocked by a clot, which delayed the detection of massive ongoing bleeding, 
resulting in cardiogenic shock and hysterectomy. The authors recommended frequent ultrasound 
check-ups to avoid this kind of complication (Takahashi et al. 2015). In the other four cases, the 
authors described uterine rupture as a consequence of BBT insertion, leading to hemorrhage and 
hysterectomy (Ajayi et al. 2013, Leparco et al. 2013, Rocher et al. 2019). 
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2.2.9 Long-term outcomes 

 

Little is known about the long-term effects of BBT. Only two studies have primarily been assessed 
to evaluate menstruation, fertility and pregnancy outcomes following the sole use of BBT 
(Georgiou 2014, Kong et al. 2018b).  

Georgiou’s study included five women with uterine atony who were treated with BBT. Normal, 
regular menstruation returned to all women after the cessation of breastfeeding. Also, ultrasound 
appearances of the uterine cavities were normal. All of the women had subsequent pregnancies 
within 15  ̶29 months; no one complained about infertility. All pregnancies were uncomplicated, 
and the women had vaginal deliveries with no massive recurrent PPH (250 ̶ 1000 ml). One woman 
needed uterotonics for uterine atony (Georgiou 2014).  

Kong et al. had similar results in their study of 39 women treated with BBT. The menses of all the 
women returned, and 87.2% reported normal menstrual patterns after 12 months of BBT. Nine 
subsequent pregnancies occurred, including two miscarriages, one uterine scar pregnancy and one 
induced abortion. The five remaining pregnancies were normal with full-term deliveries and 
normal-weighted infants (Kong et al. 2018b). 

In addition to these two studies, few other pregnancies were reported after BBT. Alkis et al. 
followed 40 patients after BBT for subsequent deliveries. Of these, 15 had sterilization and 25 
were trying for a subsequent pregnancy. Four of those 25 women became pregnant, and three 
delivered vaginally with no major complications (Alkis et al. 2015). In a French study, 61 women 
were treated with BBT; following treatment, 9 of the women had a new pregnancy, and 3 
delivered healthy newborns (Alouini et al. 2015). In Martin et al.’s study, 49 women were treated 
with BBT, 38 of which had preserved uteri. Of these, 24 (63%) were contacted by telephone; two 
women wanted another pregnancy soon after BBT, and both became pregnant and had full-term 
pregnancies without recurrence of PPH (Martin et al. 2015). Pala et al. (2018) also reported two 
successful pregnancies after treatment of AIP with BBT.  

These results implicate that BBT has minimal effects on menstruation and fertility. Subsequent 
pregnancies or deliveries do not seem to have major adverse outcomes. 
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2.3 INTERVENTIONAL RADIOLOGY PROCEDURES 

 

The evolution of interventional radiology procedures (IRP) began over 50 years ago. Nowadays, 
IRPs include a wide variety of angiographic and non-angiographic procedures in almost every 
medical field performed by interventional radiologists. The main areas of IRPs are diagnostic 
angiography, transluminal balloon angioplasty with or without stent placement (coronary arteries, 
lower extremity arteries), controlling hemorrhage with embolization particles and inhibiting tumor 
growth with embolization or targeted cytotoxic therapy. There are also non-vascular 
interventions, for example, management of biliary system obstructions by stents, percutaneous 
abscess draining and percutaneous nephrostomy. IRPs have had a dramatic impact on the survival 
of patients in several fields (Baum et al. 2014). 

 

2.3.1 Obstetric indications 
 

In an obstetrical setting, IRPs include pelvic arterial embolization (PAE) and prophylactic balloon 
occlusion (PBO) of pelvic arteries. PAE was first introduced in 1979 by Brown et al., although using 
PAE in obstetric indications did not increase until the new millennium (Brown et al. 1979). Since 
that time, PAE has been accepted as a second-line treatment option in the management of acute 
PPH if conservative methods have failed (RCOG 2007). PBO of the pelvic arteries (common iliac 
arteries, internal iliac arteries, uterine arteries) or abdominal aorta with or without PAE has been 
used during CSs in women with anticipated AIP (Lee et al. 2012, Mei et al. 2015, Revert et al. 2018, 
Shahin et al. 2018). The main purpose of PBO is to prevent PPH, reduce the need for transfusions, 
shorten the operation time and enhance the ease of potentially complicated surgery (Shrivastava 
et al. 2018). 
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2.3.2 Method 

 

Knowledge of the normal anatomy of the female genital tract and its vascularization is essential to 
performing PAE safely. The common iliac artery divides into internal and external branches. The 
internal iliac branch divides further into the anterior and posterior branches. The anterior branch 
gives rise to the umbilical, superior/inferior vesical, obturator, middle rectal, inferior gluteal, 
internal pudendal, uterine and vaginal arteries, while the posterior branch divides into the 
iliolumbar, lateral sacral and superior gluteal arteries.  

 

 

Figure 7. Main pelvic arteries. 
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Acute postpartum hemorrhage 
 

PAE is performed using a transfemoral approach. The femoral artery is usually catheterized 
unilaterally (Gonsalves et al. 2010, Soyer et al. 2015). However, in some clinical situations, bilateral 
catheterization may have advantages, such as less catheter manipulation, faster access to the 
internal iliac arteries and, thus, faster hemostasis achievement with less fluoroscopy time (Bratby 
et al. 2007). The femoral artery is accessed using the Seldinger technique with the help of 
palpation, fluoroscopy or ultrasound (Seldinger 1953). Unilateral catheterization of the common 
femoral artery allows the catheterization of both iliac arteries by using a Waltman loop (Shlansky-
Goldberg et al. 2001). A 5 French scale (Fr) introducer with a 5 Fr Cobra catheter (Cook® Medical 
Incorporated, Bloomington, IN, USA) is most commonly used (Soyer et al. 2015). Microcatheters (3 
Fr) are sometimes needed for super selective embolization (in only 3% of cases) (Pelage et al. 
1999b).  

After catheterization, angiography of the internal iliac arteries is performed to identify the uterine 
arteries or other sites of bleeding (Pelage et al. 1999a, Gonsalves et al. 2010, Lee et al. 2012, Lee 
et al. 2018). In approximately in one-third of women, the bleeding site is visible in angiography 
(Pelage et al. 1999a, Lee et al. 2012, Soyer et al. 2015, Lee et al. 2018). Visible extravasation of the 
contrast agent, artery cut-offs and pseudoaneurysms are considered active bleeding foci 
(Gonsalves et al. 2010, Lee et al. 2012). The absence of extravasation is quite common in women 
with uterine atony, whereas the bleeding site is more frequently observed in women with genital 
tract lacerations (Fargeaudou et al. 2009). Lee et al. (2012) reported the bleeding site to be visible 
more often in women who had undergone failed surgical procedures before PAE compared to 
those who did not have prior surgery (54.5% versus 35.4%). When extravasation is visible, the 
most common sources are the uterine and vaginal arteries (Pelage et al. 1999a, Gonsalves et al. 
2010, Lee et al. 2012, Lee et al. 2018).  

After angiography, the embolization is performed under the following principles (Pelage et al. 
1999a, Gonsalves et al. 2010, Lee et al. 2012, Lee et al. 2018):  

1. Selective arterial embolization when the active bleeding focus is visualized in angiography 
2. Embolization of both uterine arteries when the active bleeding focus is not visualized in 

angiography 
3. Embolization of the anterior branch of the internal iliac arteries if catheterization of the 

uterine arteries has failed, if hysterectomy is performed or if the bleeding continues despite 
embolization of the bilateral uterine arteries or other target arteries. 

Bilateral embolization is typically required due to the rich collateral circulation in the pelvic area 
(Gonsalves et al. 2010, Soyer et al. 2015). It is sometimes necessary to skip microcatheterization 
and do non-selective embolization to achieve hemostasis more rapidly (Gonsalves et al. 2010). 
Aortography is needed in cases with persistent or recurrent bleeding after embolization of the 
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uterine or internal iliac arteries. Especially ovarian arteries and round ligament arteries are 
potential sites of continual bleeding (Leleup et al. 2017, Kim et al. 2018).  

The reported mean overall procedure time is around 90 minutes (Soyer et al. 2015). 

 

Anticipated postpartum hemorrhage due to abnormally invasive placenta 
 

The common femoral arteries are catheterized bilaterally with the Seldinger technique under local 
anesthesia. Vascular sheaths are introduced to the pelvic arteries, usually to the internal iliac 
arteries. Exact placement of the balloon catheters depends on the terms by which the vascular 
tree is targeted. The balloons’ optimal inflation size is tested before the surgery. They are then 
deflated and inflated again, either routinely after the birth of the infant or sometimes only if 
needed. Catheter placement also allows for PAE after delivery. After hemostasis is secured (usually 
about 30 minutes), the balloons are deflated and catheters removed (Fox et al. 2015, Shrivastava 
et al. 2018, Kaufman et al. 2018). If PBO of the aorta is performed, the balloons can be left inflated 
for periods of only 5 ̶ 15 minutes followed by 1 ̶ 2 minutes of deflation to allow for distal perfusion 
(Wang et al. 2017). Sometimes, one of the femoral catheters is left for 24 hours in case of 
recurrent bleeding and if emergent PAE is necessary (Kaufman et al. 2018).  

PAE, along with PBO, can be used in several indications (Fox et al. 2015, Kaufman et al. 2018, 
Collins et al. 2019): 

1. Routinely before peripartum hysterectomy 
2. In cases of continuous bleeding after peripartum hysterectomy 
3. In the postoperative setting in cases of uterine preservation and PPH. 
 
Using PAE prophylactically is also thought to fasten placental resolution and to prevent secondary 
PPH in women with conservative management of AIP. Still, reliable evidence of the efficacy is 
lacking, and uterine necrosis related to PAE has been reported. Therefore, IS-AIP does not 
recommend the use of prophylactic PAE in the conservative management of AIP (Collins et al. 
2019).  
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2.3.3 Embolization materials 
 

The choice of embolization material depends on the site of bleeding, angiographic findings and the 
success of the catheterization of specific arteries. Embolic materials can be classified as permanent 
or temporary (Gonsalves et al. 2010, Das et al. 2014). Permanent materials include metallic coils, 
polyvinyl alcohol particles, n-butyl cyanoacrylate and microspheres. Temporary agents are usually 
the first choice because they allow the preservation of uterine perfusion and thus further fertility 
(Gonsalves et al. 2010). The gelatin sponge is the most commonly used material for PPH 
embolization; it allows for temporary occlusion of embolized arteries for three to six weeks, as 
well as recanalization (Gonsalves et al. 2010). It may have inadequate effectiveness in cases with 
DIC or pseudoaneurysms. The best choice in these cases is n-butyl cyanoacrylate (Park et al. 2015, 
Obata et al. 2017). N-butyl cyanoacrylate is also shown to be effective in cases of arterial ruptures, 
genital tract lacerations and arteriovenous fistulas (Kanematsu et al. 2011, Dohan et al. 2013). The 
use of small (150 ̶ 200 μm) polyvinyl alcohol particles is not recommended because they are 
related to a higher incidence of ischemic complications such as uterine necrosis (Cottier et al. 
2002). Metallic coils are rarely needed; they are mainly used to occlude ruptured 
pseudoaneurysms (Dohan et al. 2013).  

 

2.3.4 Success rate and factors related to failure 
 

Pelvic arterial embolization 
 

The overall success rate of PAE in women with acute PPH is 79 ̶ 100% (Pelage et al. 1999a, 
Gonsalves et al. 2010, Lee et al. 2012, Poujade et al. 2012, Mei et al. 2015, Soyer et al. 2015). In 
one of the largest published studies so far (n=251), the success rate after primary PAE was 86.45%, 
and it was 90.04% after repeated PAE (Lee et al. 2012). PAE has been demonstrated to be an 
effective treatment modality regardless of the etiology of acute PPH (Soyer et al. 2015).  

Occasionally, PPH cannot be controlled even after a successful PAE. Reported clinical failure rates 
are between 5.2% and 11.0% (Sentilhes et al. 2010a, Bros et al. 2012, Poujade et al. 2012, Kim et 
al. 2013). Kim et al. had the largest cohort of women (n=257). In their study, PAE failed to treat 
PPH in 9.3%. They compared outcomes between women with either failed or successful PAE. In 
multivariate analysis, DIC was the only statistically significant independent factor related to PAE 
failure (OR 6.569, CI 1.602 ̶ 26.932). Other factors more frequently found in women with failed PAE 
included a hemoglobin level of <80 g/l and extravasation detected in angiography. Women with 
failed PAE experienced more major complications than women with successful PAE (37.5% versus 
9.4%) (Kim et al. 2013). Bros et al. (2012) also found coagulation disorders significantly related to 
PAE failure (OR 12.08, p=0.006).  
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Other risk factors related to recurrent bleeding after PAE reported in the studies are: primiparity 
(OR 18.84, CI 1.81 ̶ 195.74, p=0.014), abnormal uterine artery anatomy (OR 9.83, CI 2.13  ̶45.32, 
p=0.003), presence of placenta accreta (p<0.005), amount of estimated blood loss >1500 ml 
(p<0.001) and transfusion of more than five red blood cell units (p<0.004) (Sentilhes et al. 2009, 
Bros et al. 2012, Poujade et al. 2012, Lee et al. 2012, Kim et al. 2013). The reported rate of PAE 
failure has been about 20% in women with PPH due to AIP (Soyer et al. 2011, Soyer et al. 2015). 

Re-bleeding after PAE is usually a consequence of recanalization of the embolized arteries or the 
opening of the collateral arteries (Soyer et al. 2015). Repeated PAE is an effective option in 
treating re-bleeding. Lee et al. reported a 75% success rate of repeated PAE after one failed 
session. Permanent embolic materials are recommended in these cases (Lee et al. 2012). 

 

Temporary prophylactic balloon occlusion 
 

The effect of PBO on PPH is not yet confirmed, mainly due to the lack of randomized controlled 
trials, small study cohorts and mixed results in studies. Some serious complications have also been 
reported (iliac artery thrombosis or rupture and ischemic nerve injury) (Collins et al. 2019). 

One small randomized controlled trial has compared outcomes between women whose AIP was 
managed with hysterectomy only (control group, n=14) or with hysterectomy combined with PBO 
of the internal iliac arteries (intervention group, n=13) (Salim et al. 2015). There were no 
statistically significant differences between the groups in blood loss (intervention group 4950 ml, 
control group 4709 ml), amount of transfused red blood cells (5.2 units versus 4.1 units) or 
complications. Feng et al. had similar results, although their cohort also included non-
hysterectomized women. Hysterectomy rates were similar whether PBO was performed or not 
(43.4% in women with PBO versus 27.3% in women without PBO) (Feng et al. 2017).  

On the contrary, a few small case-control studies have reported a significant difference in blood 
loss and the requirement of transfusions among women who had PBO of the pelvic arteries 
compared to women without PBO (Tan et al. 2007, Ballas et al. 2012, Cali et al. 2014, Cho et al. 
2017). Cali et al. demonstrated PBO to be particularly useful in controlling hemorrhage in women 
with placenta percreta (n=13). The mean estimated blood loss and transfused red blood cell units 
were higher in women managed with hysterectomy only compared with women managed with 
PBO and hysterectomy (1507 ml versus 933 ml, 3.31 units versus 0.67 units) (Cali et al. 2014). 

Shahin et al. recently published a review and meta-analysis concerning endovascular 
interventional modalities for controlling PPH in women with AIP. The meta-analysis included 1395 
women, of which 470 (33.6%) had PBO of the internal iliac arteries, 460 (33%) of the aorta, 181 
(13%) of the uterine arteries and 21 (1.5%) of the common iliac arteries. PAE was also performed 
in 263 (19.2%) women. They found IRPs to be significantly associated with less hemorrhage 
(p<0.001). PBO of the aorta was the most efficient method, associating with lower hysterectomy 
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rates and hemorrhage (Shahin et al. 2018). However, lower extremity arterial thromboses and 
ischemic injuries of the femoral nerves have been described to be related to PBO of the aorta (Wei 
et al. 2016). 

 

2.3.5 Short-term complications 
 

The complication rate related to IRPs is reported to be around 3 ̶ 4%. Complications can be divided 
into minor and major complications, as shown in Table 6. 

 

Table 6. Complications related to interventional radiology procedures 

Minor complications Major complications 

Transient fever 
 

Vessel rupture or dissection 

Mild leukocytosis 
 

Puncture site aneurysm 

Endometritis 
 

Deep venous thrombosis 

Transient sciatic nerve paresis 
 

Local necrosis (uterus, vagina, bladder) 

Transient numbness in buttocks or 
lower extremities 
 

Distant necrosis (due to migration of embolic particles) 

Hematoma at the puncture site 
 

Severe infection, sepsis 

Synechiae 
 

Ischemic nerve injury 

Pelvic pain 
 

 

Contrast agent reaction 
 

 

(Sentilhes et al. 2009, Lee et al. 2012, Cheong et al. 2014, Soyer et al. 2015, Wei et al. 2016, Soro et 
al. 2017) 
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2.3.6 Long-term outcomes 
 

Fertility and menstruation 
 

One of the main advantages of PAE is that it allows uterine preservation. During PAE, the radiation 
dose to the ovaries depends on the protocol but is usually quite high (mean estimated dose 58.6 
centigrays). This could potentially lead to transient or permanent ovarian failure (Eriksson et al. 
2007). The other mechanism for ovarian failure is the possible migration of embolization particles 
from the uterine arteries into the ovarian arteries through collaterals. Embolization may also 
induce transient endometrial ischemia, which might affect implantation and future fertility (Soro 
et al. 2017). 

Despite concerns about ovarian function, many studies have reported no adverse effects on the 
menstrual cycle or further fertility after PAE (Chauleur et al. 2008, Gaia et al. 2009, Delotte et al. 
2009, Fiori et al. 2009, Hardeman et al. 2010, Lee et al. 2012, Cheng et al. 2017). In Soro et al.’s 
(2017) review, 81.3% (618/760) of women had normal menstrual cycles 1 ̶ 10 months after PAE, 
and only 10.9% (87/760) had oligo- or amenorrhea, probably due to PAE. Gaia et al. included 107 
women in their follow-up after PAE for PPH. Normal menstruation returned in 92.5% of women. 
Six (5.6%) women reported amenorrhea and had uterine synechiae confirmed through 
hysteroscopy, which is probably a result of endometrial ischemia related to PAE (Gaia et al. 2009). 
Chitrit et al. (2006) described a single case with permanent amenorrhea due to uterine necrosis 
despite normal hormonal patterns. Follicle-stimulating hormonal levels are reported to be similar 
before and after PAE in the study of Alanis et al. (2006). 

 

Pregnancies 
 

In Soro et al.’s review, a total of 38 studies reported pregnancies after PAE. Altogether, 249 
women (23.2%) had 234 pregnancies resulting in live births. The rate of miscarriage was 10%, 
which is comparable to the general population (Soro et al. 2017).  

PAE may cause endometrial ischemia, which raises concerns about pathological placentation 
leading to placental dysfunction and fetal intrauterine growth restriction (Soro et al. 2017). 
However, only a few cases of fetal intrauterine growth restriction have been described 
(Cordonnier et al. 2002, Chauleur et al. 2008, Hardeman et al. 2010). The rest of the studies 
reported normal-weighted infants (mean weight 3250 g) (Soro et al. 2017). These findings suggest 
that PAE does not directly affect placental function. The use of resorbable particles and the 
development of collateral circulation probably ensures sufficient blood supply to the fetus (Soro et 
al. 2017).  
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Poggi et al. compared the obstetric outcomes of women whose PPH was treated with PAE (n=103) 
or uterus-sparing surgical interventions (n=189). Subsequent pregnancies were documented in 
17/103 (16.5%) women treated with PAE and in 18/189 (9.5%) women treated with surgical 
methods. They did not find any difference in gestational weeks at the time of delivery or in the 
birthweight of the fetuses. Four women (23.5%) who were exposed to PAE had recurrent PPH due 
to placenta accreta. Among the unexposed women, only one (5.5%) had recurrent PPH due to PP 
and uterine rupture, and no one had placenta accreta. The difference in placenta accreta 
incidence (23.5% versus 0% p=0.04) was statistically significant. One woman with placenta accreta 
after PAE also had placenta accreta in her previous pregnancy (Poggi et al. 2015).  

The effects of PAE on subsequent pregnancies seem to be minimal (Soro et al. 2017). However, the 
recurrence rate of AIP in subsequent pregnancies after conservative treatment of AIP has been 
reported to be around 22 ̶ 29% (Sentilhes et al. 2010b, Provansal et al. 2010). This may lead to 
recurrent PPH and complications. 

 

Psychological outcomes 
 

Few studies have explored long-term psychological recovery after PAE with contradictory results 
(Sentilhes et al. 2011, van Stralen et al. 2010, van Stralen et al. 2018).  

Van Stralen et al. (2010, 2018) found no long-term effects on quality of life compared to the 
general population. From 1995 to 2005, van Stralen et al. (2010) conducted their first study, in 
which 21 women managed with PAE were asked to complete validated questionnaires (STAI, B-
IPQ, SCL-90, UCL, RAND). In their second study (2004  ̶2006), 58 women filled out validated 
questionnaires (RAND-36, B-IPQ) and made drawings of their uteruses 6 ̶ 9 years after the index 
delivery. In this group, 24 women were managed with PAE and 34 with hysterectomy. After 
embolization, women seemed to have better quality of life compared to women who had 
undergone hysterectomy (van Stralen et al. 2018).  

Sentilhes et al. used semi-structured telephone interviews to investigate women’s perceptions and 
memories of the delivery experience. Women were also asked about how their partners 
experienced the delivery and the postpartum period. Their study included 68 women who 
underwent PAE for PPH and whose uterus was preserved. They reported major adverse 
psychological outcomes despite uterine preservation. Two-thirds (67.6%) of the women and one-
fifth (19.1%) of their partners reported negative memories. The main negative memory for women 
was a fear of dying (35%), and for partners, it was having a lack of information. Also, repercussions 
(41%), sexual problems (5.9%), marital problems (4.4%) and anxiety during uneventful subsequent 
pregnancies were reported. Altogether, 20.5% of women avoided a subsequent pregnancy 
because they feared recurrent PPH (Sentilhes et al. 2011).  
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3 AIMS OF THE STUDY 
 

This study was undertaken to determine the effectiveness and safety of BBT and PAE. The long-
term effects of IRPs were also determined. One important goal was to evaluate the accuracy of the 
current screening and follow-up protocols for women with PP. 

 

The specific aims were to evaluate 

 

1. The success rate and safety of BBT in the treatment of PPH in various etiologies (I). 
 

2. The success rate and safety of PAE in women with severe PPH (II). 
 

3. The development of postpartum psychological and physical long-term sequelae in a cohort 
of women managed with IRPs (III). 
 

4. The obstetric outcomes of women with major or minor PP, and the accuracy of the 
persisting screening and follow-up protocol for PP (IV). 
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4 MATERIALS AND METHODS 
 

The doctoral dissertation project was undertaken during 2011 ̶ 2019 at Helsinki University Hospital 
(HUH), a tertiary teaching hospital. The study protocols were approved by the Ethics Committee of 
HUH (140/13/03/03/2012, 25.4.2012) and the Department of Obstetrics and Gynecology 
(11.5.2012). 

The study population consisted of all women who delivered at HUH during the study period. There 
were approximately 4500 ̶ 5500 deliveries annually. The study cases were retrospectively and 
systematically retrieved from hospital registers (Obstetrix and Miranda) using specific 
interventional codes (Nordic Classification of Surgical Procedures) or diagnosis codes (ICD-10): 

- MBB10 uterine tamponade, MBC90 vaginal tamponade (I)  
- PC7NT endovascular occlusion of uterine arteries to stop puerperal bleeding (II, III)  
- O44.0 placenta previa without hemorrhage, O44.1 placenta previa with hemorrhage (IV) 

 

Table 7. Summary of the study material 

Study Number of cases Study period Source of material 

I 50 10/2008 – 6/2011 HUH registry 
II 45 8/2001 – 4/2011 HUH registry 
III 73 8/2001 – 4/2011 Questionnaire 
IV 176 6/2010 – 9/2014 HUH registry 

HUH=Helsinki University Hospital 

 

4.1 STUDY I 

 

This study included all women who were managed by BBT after vaginal delivery or after CS during 
the study period. The following information was collected retrospectively: the women’s baseline 
characteristics, etiologies of PPH leading to BBT, the amount of hemorrhage before and after BBT, 
the time the balloon was left in situ, inflation volume of the balloon, the need for additional 
treatment modalities and complications related to BBT.  

BBT was defined as successful if hemostasis was achieved and if no other procedures were needed 
after BBT. 
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4.2 STUDY II 

 

All women with acute PPH and managed with PAE during the study period were included. Hospital 
records were retrospectively reviewed to collect data on baseline characteristics and delivery-
associated characteristics of the study cohort, etiology and amount of PPH, details about the PAE 
procedure and the need for additional procedures. The study included women with primary or 
secondary PPH. PPH was defined as ≥500 ml of hemorrhage after vaginal delivery and ≥1000 ml 
after CS. Primary PPH was managed according to general guidelines (Figure 4). All necessary 
conservative and surgical procedures were performed. If bleeding continued despite these 
procedures, PAE was performed based on the collaborative decision of the obstetrician, 
anesthesiologist and interventional radiologist.  

In every woman, the femoral artery was catheterized and angiography was performed. When the 
site of bleeding was visible in angiography, selective embolization was attempted. If the bleeding 
site was not visible or if selective embolization failed, non-selective embolization was performed. 
Gelatin (Gelita-Spon®, Gelita Medical GmbH, Eberbach, Germany) was the primary embolization 
agent, but polyvinyl alcohol particles (Bead BlockTM, Terumo EMEA, Leuven, Belgium) and coils 
(InterlockTM, Boston Scientific Corporation, Natick, MA, USA) were also used. 

PAE was considered successful if bleeding stopped, if no re-bleeding occurred and if no other 
interventions were needed for definitive hemostasis. 

 

4.3 STUDY III 

 

A structured, investigator-made questionnaire was sent to all women who underwent IRP during 
the study period to try to determine the psychological and physical outcomes after IRP. Women 
with hysterectomies were included, and therefore, there were two versions of the questionnaire 
(Appendices I and II). For women whose uterus was preserved, the questionnaire included 
questions about the menstrual cycle, fertility and further pregnancies after the index pregnancy. 
Women who had hysterectomy were asked about their experience. Both questionnaires inquired 
about the quality of life, incidence of psychological problems and the need for psychological 
support after the stressful delivery. Specific questions focused on the fear of conception, fear of 
subsequent pregnancy, fear of childbirth, fear of death, problems with intimate relationships and 
sexual problems. If the questionnaire was not returned within a month, it was sent once more 
with no further contact. The mean time between delivery and receiving the questionnaire was 72 
months (range 25 ̶ 127 months). Women’s baseline characteristics were collected from hospital 
registers and were linked to answers received from the questionnaires. A long-term problem was 
defined as one existing longer than six months after delivery.   
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The study cohort included the same women as study II (n=45), but women at high risk for PPH due 
to anticipated AIP were also included (n=28). Women at high risk for PPH were treated electively 
with PBO of the iliac arteries. PAE was also performed if needed. These women had antenatal 
counseling concerning IRP and possible complications.  

Women who reported psychological sequelae were compared to women who did not. We tried to 
determine a single significant factor that could have influenced the development of psychological 
problems. The tested variables were lack of counseling after delivery, occurrence of physical long-
term problems, emergent nature of the IRP procedure, emergency CS as a mode of delivery, 
hysterectomy, bleeding ≥1500 ml, complications related to delivery management, primiparity, 
subsequent delivery after the index delivery and history of infertility. 

Outcomes of women with an elective IRP and no hysterectomy were compared to all other 
women of the study cohort. The hypothesis was that this would likely be the group of women with 
the lowest incidence of long-term psychological problems because they were well-counseled 
beforehand, had fertility preserved and were able to avoid possible complications related to 
hysterectomy. Tested variables in this comparison were feeling fully recovered, frequency of 
psychological long-term problems, overall psychological problems, depression, fear of death, 
sexual problems, marital problems and lack of aftercare. 

A validated questionnaire for PTSD was not used, but the answers were evaluated critically to 
determine which percentage of women filled the diagnosis criteria for PTSD (Table 4). 

 

4.4 STUDY IV 

 

The study included all women with PP at the time of delivery during the study period. The details 
of maternal baseline characteristics and pregnancy outcomes were collected retrospectively from 
the hospital registers. The type of PP (major or minor) was determined by the most recent 
ultrasound examination. All cases were evaluated to achieve the information about which PPs 
were diagnosed at the mid-pregnancy screening and which were diagnosed later in pregnancy. 
Our screening protocol arranged a follow-up after mid-pregnancy only for women whose placenta 
overlapped the cervix by ≥15 mm. Complications related to PP and the occurrence of hemorrhage 
were collected. 

Obstetric outcomes between women diagnosed with PP at the mid-pregnancy ultrasound 
screening and those diagnosed later in pregnancy were compared. The rate of women who had PP 
at term but no follow-up after mid-pregnancy was also determined. Women with major and minor 
PP were compared to determine if women with major PP have more complications than those 
with minor PP. 
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4.5 STATISTICAL ANALYSES 

 

In studies III and IV, statistical analyses were performed using the Statistical Package for the Social 
Sciences Software (IBM Corp., Armonk, New York, USA). A test value of p <0.05 was considered 
statistically significant. In both studies, Fisher’s exact test or the chi-squared test was used to 
compare categorical variables between the groups. In study IV, continuous variables were 
analyzed by the Mann-Whitney U test after the Shapiro-Wilk test evaluation of data normality.  
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5 RESULTS 

 

5.1 BASELINE CHARACTERISTICS OF THE STUDY POPULATION (STUDIES I-̶ IV) 

 

Table 8 describes the characteristics of the whole study population. 

 

Table 8. Baseline characteristics of the women 

Characteristic Study I 
n=50 

Study II 
n=45 

Study III1 
n=49 

Study IV 
n=176 

Age; years (mean) 31.3 
(range  
19 ̶ 47) 

31.2 
(range  
20 ̶ 40) 

32.5 
(range  
22 ̶ 41) 

34.4 
(range  
22 ̶ 49) 

Parity (%) 
0 
≥1 

 
60.0 
40.0 

 
57.8 
42.2 

 
30.6 
69.4 

 
35.8 
64.2 

History of prior  
cesarean section (%) 

12.0 
 

13.3 42.9 26.7 
 

Gestational weeks at the time of 
delivery (mean) 

38+6 39+1 37+2 36+3 

 

Mode of delivery (%) 
Vaginal  
Cesarean section  
     Emergency cesarean section2      

 
58.0 
42.0 
24.0 

 
68.9 
31.1 
24.4 

 
40.8 
59.2 
24.1 

 
0.6 
99.4 
35.2 

Total blood loss; ml (mean) 4812 
(range  
350  ̶16 100) 

9315 
(range  
1500 ̶ 20 000) 

6303 
(range 
100  ̶16 500) 

1644 
(range 
150  ̶12 000) 

Peripartum hysterectomy 
performed (%) 

8.0 13.3 36.7 8.5 
 

Abnormally invasive placenta (%) 10.0 13.3 46.9 14.8 
 
1Including only women who returned the questionnaire 
 
2Percentage of all cesarean sections 
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5.2 INDICATIONS, EFFECTIVENESS AND SAFETY OF BAKRI BALLOON TAMPONADE (I) 
 

5.2.1 Indications (I) 

 

The main etiologies of PPH leading to BBT are introduced in Table 9. Two women had two reasons 
for PPH: uterine atony and paravaginal hematoma. In both cases, uterine atony was managed with 
uterine compressive sutures and the BB was introduced into the vagina to achieve definitive 
hemostasis after surgical repair. In two other cases, BBT was used primarily during CS in 
combination with surgical treatment modalities, one case in combination with uterine 
compressive sutures and one in combination with uterine artery ligation. Two women were 
transferred from a local hospital with the BB in situ. 

 

Table 9. Etiology of postpartum hemorrhage in women managed with Bakri balloon tamponade 

Etiology n (%) 
Placental retention 15 (30) 
Vaginal rupture and/or paravaginal hematoma 11 (22) 
Placenta previa 9 (18) 
Uterine atony 8 (16) 
Cervical rupture 7 (14) 

 

5.2.2 Hemorrhage (I)  
 

The mean amount of total blood loss was 4812 ml (range 350–16 100 ml). Ten women had 
bleeding ≥5000 ml. Only two women with paravaginal hematomas had total blood loss <1000 ml 
(350 ml and 880 ml).  

Six women had blood loss <1000 ml before BB insertion. Three had paravaginal hematomas, one 
had uterine atony, one had PP and one had cervical rupture. They all responded poorly to 
standard treatment, and therefore, the BB was inserted before bleeding exceeded 1000 ml.  

The mean blood loss after BB insertion was 525 ml (range 0 ̶ 3250 ml), and 76% of women had 
bleeding <500 ml after BBT.  
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5.2.3 Technical aspects (I) 
 

The mean inflation volume of the BB was 367 ml (30 ̶ 500 ml). In six women, the BB inflation 
volume was <250 ml. Five of these six women had PP, and the BB was placed in the lower uterine 
segment to compress the placental bed. None of the women with an inflation volume <250 ml 
needed additional treatment. The average time the BB was left in situ was 12.7 hours (range 1 ̶ 28 
hours). The BB was expulsed spontaneously in four women, two of which needed no additional 
treatment. However, in the two other, BB re-insertion failed and hysterectomies were performed. 
The primary inflation volumes were 250 ml and 200 ml in the failed cases. After expulsion, the 
inflation volumes were 500 ml in both cases, but additional treatment was still needed. 

 

5.2.4 Success rate and safety (I) 
 

The overall success rate of BBT was 86%. Additional procedures were needed in seven women 
(Table 10), all of whom had several risk factors for PPH including obesity (n=1), multiparity (n=1), 
history of curettage (n=2), multiple pregnancy (n=2), stillbirth (n=1), pre-eclampsia (n=3), 
prolonged pregnancy ≥42 gestational weeks (n=3) and induction of labor (n=4). Altogether, three 
supravaginal uterine amputations and one hysterectomy were performed. None of the women 
was primiparous.  

Six women had complications unrelated to BBT, including groin hematoma after PAE (n=1), wound 
infections (n=3), re-curettage and hysteroscopy due to secondary PPH and placental retention 
(n=2). 
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Table 10. Seven women with Bakri balloon tamponade failure 

Etiology of PPH Mode of delivery Additional 
procedures 

 Total amount of 
blood loss (ml) 

Atony Emergency CS Bilateral 
uterine artery 
embolization 
 

 6 900 

Atony Emergency CS Uterine 
compressive 
sutures, 
supravaginal 
uterine 
amputation 
 

 15 000 

Atony Emergency CS Supravaginal 
uterine 
amputation 
 

 12 000 

Cervical rupture VD Bilateral 
uterine artery 
embolization 
 

 
 

5 000 

Placental retention VD Bilateral 
uterine artery 
embolization 
 

 2 000 

Placental 
retention, AIP 

VD Supravaginal 
uterine 
amputation 
 

 6 000 

Placental 
retention, AIP 

VD Bilateral 
uterine artery 
embolization, 
hysterectomy 

 16 100 

PPH=postpartum hemorrhage, CS=cesarean section, VD=vaginal delivery,  
AIP=abnormally invasive placenta 
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5.3 EFFECTIVENESS AND SAFETY OF PELVIC ARTERIAL EMBOLIZATION IN THE TREATMENT OF 
EMERGENCY POSTPARTUM HEMORRHAGE (II) 

 

5.3.1 Indications (II) 
 

The etiologies of PPH are shown in Table 11. All women had severe PPH (mean 9315 ml) and 
needed red blood cell transfusions (mean 15.9 units). Lower genital tract injuries included 10 
vaginal ruptures or paravaginal hematomas and four cervical ruptures, and four women had both. 
Almost half the women (44%) did not have obvious risk factors for PPH.  

 

Table 11. Etiology of postpartum hemorrhage 

Etiology n (%) 
Lower genital tract injury 18 (40.0) 
Placental retention 16 (35.6) 
Uterine atony 6 (13.3) 
Placenta previa 2 (4.4) 
Uterine rupture 1 (2.2) 
Placental abruption 1 (2.2) 
Disruption of parametrial adhesions 1 (2.2) 

 

5.3.2 Success rate and safety (II) 
 

The success rate of PAE was 89%. Additional treatment modalities were needed in five women 
(11%). The etiologies of PPH in these women were AIP (n=3), PP with atony (n=1) and cervical 
rupture (n=1). The mean amount of blood loss among these women was 13 250 ml. Additional 
treatment modalities included uterine artery ligation after technical failure of PAE in one woman 
and hysterectomies in three women. One woman had supravaginal uterine amputation before 
PAE. Bleeding continued from the cervix after PAE, and the cervix had to be removed to achieve 
definitive hemostasis. 

Altogether, six hysterectomies or supravaginal uterine amputations were performed. In three 
women, PAE was performed after hysterectomy due to continual bleeding, and in three women, 
hysterectomy was performed after PAE failure. 

Four women (8.9%) had complications related to PAE. There were also several other complications 
related to PPH and its management. Many women had several complications. All complications 
are summarized in Table 12.  
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Table 12. Short-term complications after pelvic arterial embolization and postpartum hemorrhage 

Complications related to PAE Other complications 
Rupture of iliac artery during 
catheterization (n=1) 

Postpartum infections: 
   Urinary tract infection (n=2) 
   Pelvic infection (n=9) 
   Wound infection (n=3) 
   Infected intra-abdominal hematoma (n=3) 
   Pneumonia (n=3) 
   Sepsis (n=1) 

Inguinal hematoma and pain (n=3) DIC (n=4) 
 Renal dysfunction (n=1) 
 Pulmonary edema (n=4) 
 Retinal ablation (n=1) 

 Liver laceration (n=1, consequence of resuscitation) 
 Ileus (n=4) 

PAE=pelvic arterial embolization, DIC=disseminated intravascular coagulation 
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5.4 PSYCHOLOGICAL AND PHYSICAL OUTCOMES OF WOMEN MANAGED WITH INTERVENTIONAL 
RADIOLOGY PROCEDURES (III) 
 

The questionnaire was sent to 73 women and was completed by 49 (67%). Acute PPH was found in 
27 women (55%), and 22 (45%) were at high risk of PPH due to anticipated AIP. Altogether, 18 
women (37%) underwent hysterectomy; five of these women had acute PPH and 13 had an 
elective procedure. Massive PPH occurred in 86%. All women in the emergency IRP group had 
massive PPH (mean 8807 ml, range 1500─16 500 ml). In the elective group, 20 women had 
massive bleeding (4366 ml, range 100 ̶ 15 000 ml).  

 

5.4.1 Psychological outcomes (III) 
 

Psychological sequelae were reported by 63% (n=31) of all women. Nine (18%) fulfilled the criteria 
of PTSD. The mental symptoms included fear of death, depression, anxiety, problems with 
relationships and lack of confidence in the health care system in general. Over half the women 
(67%) described their deliveries as painful, traumatic, chaotic or frightening. Two women reported 
that the traumatic event contributed to their subsequent divorces. Of those who underwent 
hysterectomy, six of the 18 (33%) reported it as a major negative experience.  

Almost one-third of the women (29%) reported a lack of any aftercare and counseling. Three 
women were disappointed with their follow-up visits in the maternity unit because the 
obstetrician who attended their delivery was not present. Fourteen women contacted someone 
outside the maternity unit (private gynecologist or general practitioner) to get help for their 
psychological problems. However, 20 women (41%) reported no need for special support during 
the recovery. 

Women with elective IRP and no hysterectomy had less fear of death compared to the rest of the 
study group (0% versus 45%, p=0.018, OR 1.8, CI 1.4 ̶ 2.4). Otherwise, the outcomes were equal 
between these groups (including psychological and physical long-term problems, depression, 
sexual/marital problems and lack of aftercare). 

Any specific factors to predict who will develop psychological problems after complicated delivery 
were not found (Table 13). The amount of hemorrhage, need for hysterectomy or the nature of 
the IRP did not explain the occurrence of psychological sequelae. Physical symptoms were more 
common in women who developed psychological sequelae (n=8) than in women who had none 
(n=1) (25.8% versus 5.6%), but the difference was not statistically significant.  
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Table 13. Psychological outcomes of women managed with interventional radiology procedures 
due to acute postpartum hemorrhage or anticipated abnormally invasive placenta 

 Psychological 
sequelae 
n=31 (%) 

No psychological 
sequelae 
n=18 (%) 

OR (95% CI) p-value 

Parity ≥1 19 (61.3) 15 (83.3) 0.32 (0.075  ̶1.3) 0.107 
Infertility before IRP 5 (16.1) 5 (27.8) 0.50 (0.1 ̶ 2.0) 0.329 
Elective IRP 12 (38.7) 10 (55.6) 0.51 (0.16 ̶ 1.6) 0.253 
Hysterectomy 11 (35.5) 7 (38.9) 0.86 (0.26 ̶ 2.9) 0.812 
Bleeding ≥1500 ml 27 (87.1) 15 (83.3) 1.4 (0.27 ̶ 6.9) 0.697 
Complications related to 
delivery management 

20 (64.5) 11 (61.1) 1.2 (0.35 ̶ 3.8) 0.812 

Emergency cesarean 
section 

5 (16.1) 2 (11.1) 1.5 (0.27 ̶ 8.9) 1.0 

Physical long-term 
problems 

8 (25.8) 1 (5.6) 5.9 (0.67 ̶ 52) 0.127 

Received counseling 
after delivery 

12 (38.7) 
 

3 (16.7) 3.2 (0.75 ̶ 13) 0.197 

IRP=interventional radiology procedure, OR=odds ratio, CI=confidence interval 

 

5.4.2 Physical outcomes (III) 
 

Nine women (18%) reported long-term physical symptoms, including pelvic pain, inguinal pain, 
pain in the lower limb and dyspareunia. Problems with sexual intercourse were reported by 16 
women (33%). 

Of the 31 women with a preserved uterus, 19 (61%) reported regular menstrual cycles. Eight 
women had amenorrhea either due to subsequent hysterectomy (indication menorrhagia, n=2) or 
an intrauterine hormonal device (n=6). Irregular menstruation was reported by four women, and 
11 reported changes in their menstrual patterns following IRP (heavier bleeding n=7, less bleeding 
n=2, dysmenorrhea n=2) (unpublished data).  

Thirteen women had 16 pregnancies, 13 of which were to term (Table 14). None complained of 
infertility. The mean time to conception was 3.5 months (range <1─18 months). The mean 
gestational age at delivery was 39+4. All newborns were of normal birth weight (mean 3781 g). Six 
of the full-term women (46%) feared getting pregnant and reported anxiety and fear during their 
subsequent pregnancies. PPH recurred in three women (23%), and two of them had placental 
retention. In women whose uterus was preserved, six of the 31 did not want a new pregnancy 
because they feared recurrent PPH. 
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Table 14. Pregnancies after pelvic arterial embolization (unpublished data) 

Pregnancy Need for 
ART 
before/after 
PAE 

Pregnancy 
outcome 
 

Mode of 
delivery 
 

Gestational 
weeks at 
time of 
delivery, 
miscarriage 
or abortion 

Birth 
weight 
(g) 

Recurrence 
of PPH 

1 no/no D VD 39 3 120 no 
2 no/no D VD 39+1 3 240 no 
3 no/no D VD 40+2 3 440 no 
4 no/no D VD 41 4 370 no 
5 yes/yes M  11   
6 yes/yes D VD 40 4 200 no 
7 yes/yes D VD 40 4 550 yes 
8 no/no D CS 39 3 676 no 
9 yes/yes not delivered 

while 
returning the 
questionnaire 

    

10 yes/no D CS 39 3 525 no 
11 no/no D VD 41+5 4 425 yes 
12 no/no D CS 39 3 360 no 
13 no/no D VD 41 3 350 no 
14 yes/no D VD 39 3 950 yes 
15 no/no A  7   
16 no/no D VD 39 3 942 no 

ART=artificial reproductive technology, PAE=pelvic arterial embolization, PPH=postpartum 
hemorrhage, D=delivery, M=miscarriage, A=induced abortion, VD=vaginal delivery, CS=cesarean 
section 
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5.5 COMPARISON OF OBSTETRIC OUTCOMES BETWEEN WOMEN WITH MAJOR OR MINOR 
PLACENTA PREVIA (IV) 
 

Among all parturients during the study period, there were 176 women who had a diagnosis of PP 
at the time of delivery. Altogether, 129 women (73.3%) had major PP and 47 (26.7%) had minor 
PP. There were no statistical differences between the baseline characteristics (age, parity, risk 
factors for PP) of women in each group. 

Women with major PP had more blood loss at the time of delivery compared to women with 
minor PP (median 1310 ml versus 850 ml). They also delivered earlier. Otherwise, there were no 
statistical differences between the groups. The incidence of AIP was also equal (major PP 14.9% 
versus minor PP 14.7%) (Table 15). 
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Table 15. Comparison between outcomes of women with major or minor placenta previa 

PP=placenta previa, OR=odds ratio, CI=confidence interval, IQR=interquartile range, 
AIP=abnormally invasive placenta, BBT=Bakri balloon tamponade, IRP=interventional radiology 
procedure 

1 Fifteen women had several additional treatment modalities 
 
2Postpartum complications include infections (wound, uterine, pelvic, urinary bladder), urinary 
bladder laceration, disseminated intravascular coagulation, thrombosis, ileus, re-laparotomy, 
hysteroscopy due to tamponade balloon rupture 
 
3Comparison between emergency cesarean sections and other modes of delivery 
  

 Major PP 
n=129 (%) 

Minor PP 
n=47 (%) 

p-value OR  
(95% CI) 

Gestational age at delivery (d)  
[median (IQR)] 
<32 
32+0–36+6  
≥37 

257 (245  ̶266) 
 
8 (6.2) 
60 (46.5) 
61 (47.3) 

260 (253  ̶268) 
 
1 (2.1) 
20 (42.6) 
26 (55.3) 

0.035 
 
0.430 
 

 

Mode of delivery 
Vaginal 
Cesarean section 
   Elective 
   Emergency 

 
0 
 
88 (68.2) 
41 (31.8) 

 
1 (2.1) 
 
25 (53.2) 
21 (44.7) 

0.061 
 
 
 
0.1133 

 
 
 
 
1.7 (0.88 ̶ 3.4) 

AIP 19 (14.7) 7 (14.9) 0.978 1.0 (0.40 ̶ 2.6) 
Blood loss (ml) 
[median (IQR)] 
<1500ml 
1500–2499ml 
2500–4999ml 
≥5000ml 

1310 (730 ̶ 2000) 
 
68 (52.7) 
36 (27.9) 
16 (12.4) 
9 (7.0) 

850 (610  ̶1550) 
 
35 (74.5) 
7 (14.9) 
3 (6.4) 
2 (4.3) 

0.032 
 
0.081 

 

Need for additional treatment1 

Peripartum hysterectomy 
Other 
     BBT 
     Uterine artery ligation 
     Uterine compression sutures 
     IRP 

47 (36.4) 
12 (9.3) 
49 (38.0) 
34 (26.4) 
0 (0) 
3 (2.3) 
12 (9.3) 

12 (25.5) 
3 (6.4) 
12 (25.5) 
9 (19.1) 
1 (2.1) 
1 (2.1) 
1 (2.1) 

0.175 
0.762 
0.125 

0.60 (0.28 ̶ 1.3) 
0.67 (0.18 ̶ 2.5) 
0.56 (0.27 ̶ 1.2) 
 

Postpartum complication2 20 (15.5) 3 (6.4) 0.135 0.37 (0.11 ̶ 1.3) 
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5.6 ACCURACY OF THE SCREENING AND FOLLOW-UP IN WOMEN WITH PLACENTA PREVIA (IV) 

 

There were 32 women (18.2%) with major or minor PP who had no follow-up after the mid-
pregnancy screening due to our protocol. The diagnosis of PP was not made until a woman was 
admitted to the hospital for bleeding (n=29, 90.6%) or for contractions later in pregnancy. Of these 
32, 12 (37.5%) had major PP and 20 (62.5%) had minor PP. The first bleeding episode occurred at 
37 gestational weeks or later in seven women (21.9%). Five women (15.6%) had a hemorrhage 
≥2500 ml at the time of delivery. Two women without follow-up had AIP with a history of prior CS, 
and both underwent hysterectomy. There were no statistically significant differences between the 
adverse obstetric outcomes of women with or without follow-up (Table 16). 

 

Table 16. Comparison between women who had PP with or without follow-up after the mid-
pregnancy screening 

 PP without  
follow-up  
n=32 (%) 

PP with 
follow-up 
n=144 (%) 

p-value OR (CI 95%) 

Gestational age at 
delivery (d) 
[median (IQR)] 
    <32 
    32+0–36+6 
    ≥37 

261 (252  ̶267) 

 
 
0 
13 (40.6) 
19 (59.4) 

258 (245  ̶266) 
 
 
9 (6.3) 
67 (46.5) 
68 (47.2) 

0.088 
 
 
0.225 

 

Blood loss (ml) 
[median (IQR)] 

1050  
(650 ̶ 1 763) 

1250  
(710 ̶ 2 000) 

0.343  

AIP 2 (6.3) 24 (16.7) 0.173 0.33 (0.075  ̶1.5) 
Hysterectomy 2 (6.3) 13 (9.0) 1.0 0.67 (0.14 ̶ 3.1) 
Need for additional 
treatment 

6 (18.8) 53 (36.8) 0.050 0.40 (0.15 ̶ 1.0) 

Postpartum complication 1 (3.1) 22 (15.3) 0.082 0.18 (0.023  ̶1.4) 
PP=placenta previa, OR=odds ratio, CI=confidence interval, IQR=interquartile range, 
AIP=abnormally invasive placenta 
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5.7 CHARACTERISTICS OF WOMEN WITH ABNORMALLY INVASIVE PLACENTA (I-̶ IV) 

 

Our aim was not to determine the details of women with AIP, but in every study (I  ̶IV), AIP played 
a significant role. The most severe PPH, the need for several treatment modalities, and treatment 
failures were often related to AIP. An antenatal diagnosis was missed in 39.7% of all AIP cases. 
Among all women with AIP, 16.2% were primiparous, 25% had AIP without PP and only 63.2% of 
women with AIP had a previous CS. Characteristics of AIP cases are displayed in Table 17. 
(unpublished data).  

 

Table 17. Characteristics of women with abnormally invasive placenta (unpublished data) 

 Study I 
n (%) 

Study II 
n (%) 

Study III1 

n (%) 
Study IV 
n (%) 

AIP 5 (10.0) 6 (13.3) 31 (42.5) 26 (14.8) 
Antenatal  
diagnosis of AIP 

0 0 25 (80.6) 16 (61.5) 

PP 0 0 25 (80.6) 26 (100) 
Primiparous 2 (40.0) 1 (16.7) 6 (19.4) 2 (7.7) 
History of prior CS 1 (20.0) 1 (16.7) 23 (74.2) 18 (69.2) 
Hemorrhage, mean 
(ml) 

8340 
(range  
5300 ̶ 16 100) 

12 025 
(range 
2200 ̶ 20 000) 

6255 
(range 
100  ̶20 000) 

3249 
(range 
150  ̶12 000) 

Hysterectomy or 
supravaginal uterine 
amputation 

2 (40.0) 2 (33.3) 18 (58.1) 15 (57.7) 

Postpartum complication 2 (40.0) 3 (50.0) 21 (67.7) 9 (34.6) 
AIP=abnormally invasive placenta, PP=placenta previa, CS=cesarean section 
 
1Including all women who received the questionnaire 
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6 DISCUSSION 
 

6.1 IMPORTANCE OF THE STUDY (I ̶ IV) 

 

PPH is a significant contributor to maternal morbidity and mortality worldwide (Waterstone et al. 
2001, Say et al. 2014). In low-income countries, the incidence of maternal deaths due to PPH is 
higher compared to high-income countries, but PPH-related deaths still occur annually in every 
high-income country (Say et al. 2014, www.stat.fi). Saving mothers’ lives is the most important 
goal of PPH treatment. Preserving fertility and good quality of life after complicated delivery also 
plays an increasingly important role, especially in high-income countries. The medical resources 
and availability of educated obstetricians are often scarce in developing countries, but the 
opposite is true in high-income countries, where the treatment facilities are usually good. Still, 
PPH often comes with surprising and difficult surgical procedures like artery ligations or 
hysterectomies. In Finland, it is mainly the tertiary centers that have specialists available 24 hours 
a day. In other hospitals, residents mostly take care of parturients, and specialists are at home, 30 
minutes from the hospital.  

These facts put demands on readily available, easy, safe and effective treatment modalities. The 
identification of risk factors is also essential in reducing complications. Based on previous 
literature, the incidence of AIP is increasing in many countries mainly due to increasing numbers of 
CSs. AIP is often a cause of major complications, especially if not diagnosed antenatally. PP and CS 
are the main risk factors for AIP, and therefore, screening for PP plays an important role in 
diagnosing AIP (Jauniaux et al. 2018e, Collins et al. 2019). 

Before our study, there were only a few small case series about the effectiveness, indications and 
safety of BBT in the treatment of PPH (Bakri et al. 2001, Vitthala et al. 2009, Yoong et al. 2012). On 
the contrary, the effectiveness and safety of PAE were reported in many studies (Lee et al. 2012, 
Poujade et al. 2012, Mei et al. 2015, Soyer et al. 2015). However, in our hospital, PAE had been 
used for 10 years without evaluating the effectiveness and safety of our own process. The possible 
long-term effects of the procedure were not determined. The need to evaluate our screening 
protocol and follow-up for women with PP arose from the fact that our current protocol was old 
and the incidence of PP and AIP was increasing worldwide. In addition, previous studies were 
inconsistent regarding the severity of minor PP and the need for follow-up.  
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6.2 INDICATIONS, EFFECTIVENESS AND SAFETY OF BAKRI BALLOON TAMPONADE (I) 

 

At the time of publication, our case series was the largest published cohort of women managed 
with BBT. Only a few small case reports were published previously (Bakri et al. 2001, Tattersall et 
al. 2007, Vitthala et al. 2009, Yoong et al. 2012). In our department, BB usage increased after 2007 
(personal communication, Vedran Stefanovic). In 2015, our article became the most cited in the 
journal Acta Obstetricia et Gynecologica Scandinavica, which suggests the importance and 
timeliness of the study.  

Our results provided new information about BBT in a larger cohort managed in a single tertiary 
center. The previous studies mostly discussed the treatment of uterine atony and/or placenta 
previa (Bakri et al. 2001, Vitthala et al. 2009). Tattersall et al. (2007) also reported a single case of 
vaginal rupture successfully managed with BBT. Our study demonstrated that BBT can be used 
successfully in various etiologies of PPH, not only in the treatment of uterine atony. 

The overall success rate of our study was high at 86%. This is comparable to studies published 
before and after our own. Recent studies have reported risk factors related to BBT failure, 
including massive bleeding (≥1500 ml) before BBT, undiagnosed placenta accreta and CS as a 
mode of delivery (Olsen et al. 2013, Cho et al. 2015, Revert et al. 2017, Mathur et al. 2018, Grange 
et al. 2018). Our study had similar findings. All seven women with BBT failure had massive 
hemorrhage (mean 7571 ml); three of the seven (43%) had CS as a mode of delivery and two (29%) 
had placenta accreta. However, some studies have also reported promising results of BBT in cases 
of AIP (Pala et al. 2018). In our study, three out of five women (60%) with AIP were managed 
successfully with BBT.  

The mean blood loss was relatively high (4218 ml), and it was even higher in women whose BBT 
failed to achieve hemostasis. Four women had total blood loss of over 10 000 ml, and three of 
them had BBT failure. In these cases, it would probably have been better to proceed to other 
treatment modalities more quickly to avoid the massive bleeding. Our study confirmed that the 
use of BBT does not exclude the possibility of using other treatment modalities, either 
simultaneously with the BB or separately after BBT failure. Also, in cases with failure, the BB may 
provide a temporary tamponade effect as well as time to prepare for other interventions or 
patient transfer. 

Only minimal technical problems are related to BBT. The most common problem reported is 
spontaneous balloon expulsion before hemostasis achievement (Vintejoux et al. 2015, Soyama et 
al. 2017). In most cases, re-insertion has been successful without the need for additional 
procedures. It is still unclear as to whether the inflation volume of the balloon has a major 
influence on balloon expulsion. The manufacturer’s recommended inflation volume is 500 ml 
(www.cookmedical.com), although Antony et al. (2017) showed that the BB did not rupture until 
the inflation volume was 2850 ml. In our study, the mean inflation volume was 367 ml. Four 
expulsions occurred, leading to hysterectomy in two cases. Both failed cases had re-insertion with 
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500 ml of saline, but hysterectomies were still needed. Further studies are needed to determine if 
women will benefit from an inflation volume greater than 500 ml. BB expulsion with the 
recommended inflation volume (500 ml) might also indicate BBT failure.  

In addition to BBT, other fertility-preserving methods are PAE, uterine compressive sutures and 
artery ligations. A comparison of these methods is displayed in Table 18. The success rates of PAE 
and uterine compressive sutures are reported to be as good as those of BBT (Hackethal et al. 
2008, Lee et al. 2012, Poujade et al. 2012, Mei et al. 2015, Soyer et al. 2015). Artery ligations have 
lower success rates (Camuzcuoglu et al. 2010, Boynukalin et al. 2013). In Finland, PAE is not 
available at every hospital, and the method demands having an interventional radiologist on site. 
In our hospital, the patient has to be transferred to another department for PAE. Surgical 
procedures require laparotomy and advanced surgical skills. Additionally, these procedures have 
higher risks of complications than BBT (Lee et al. 2012, Boynukalin et al. 2013, Cheong et al. 2014, 
Soyer et al. 2015, Wei et al. 2016, Soro et al. 2017, Suzuki et al. 2017). In our study, there were no 
BBT-related complications. These facts argue that BBT should take precedence over other fertility-
preserving methods. 

 

Table 18. Comparison between fertility-preserving treatment methods for postpartum 
hemorrhage 

Method Advantages Disadvantages 
Uterine compressive 
sutures 

 Fast 
 Suitable for atony management 

with simultaneous use of the 
Bakri balloon 

 Requires laparotomy 
 Possible complications: 

hematometra, uterine 
necrosis, bowel 
incarceration 

Pelvic arterial  
ligation 

 Fast  Requires advanced 
surgical skills 

 Requires laparotomy 
 Embolization often not 

possible afterwards 
Pelvic arterial 
embolization 

 Identifies small vessels that are 
not visible by surgery 

 Requires facilities (often 
far from the delivery unit) 

 Not available 24/7 in 
many hospitals 

Bakri balloon tamponade  Easy application 
 Suitable for uterine and vaginal 

tamponade 
 Suitable during patient transfer 
 Does not require laparotomy 
 Does not exclude the use of 

other methods of management 

? 



78 
 

6.3 EFFECTIVENESS AND SAFETY OF PELVIC ARTERIAL EMBOLIZATION IN THE TREATMENT OF 
EMERGENCY POSTPARTUM HEMORRHAGE (II) 
 

The good success rate (89%) and safety of PAE were confirmed. The strengths of our study were 
that all PAEs were performed in a single tertiary center with a constant protocol during a relatively 
long period (10 years).  

Our success rate was comparable to previous studies (Pelage et al. 1999a, Gonsalves et al. 2010, 
Lee et al. 2012, Poujade et al. 2012, Mei et al. 2015, Soyer et al. 2015). The main difference was 
the amount of hemorrhage, which was much higher in our study (mean 9315 ml). One explanation 
for this might be that the interventional radiology operating room is not located in the maternity 
hospital, and therefore, patients need to be hemodynamically stabilized before transfer. Another 
explanation is the fact that interventional radiologists are not always immediately on site, for 
example, on nights or weekends.  

The main causes of PPH leading to PAE were genital tract injuries (40.0%) and placental retention 
(35.6%) in our study, which differs from Lee et al. (2012), whose large study revealed the leading 
cause to be uterine atony (78.9%), followed by placental retention (9.6%) and lacerations (8.0%). 
This difference might also be related to the distance between our interventional radiology room 
and the obstetric unit. For uterine atony, there are other effective treatment options in addition to 
PAE (BBT, uterine compressive sutures). Especially BBT is used increasingly and successfully in our 
obstetric unit. BBT is always readily available and does not demand patient transfer, and this may 
affect the need for PAE in women with uterine atony in our unit. However, PAE has many 
advantages over surgical interventions in women with lower genital tract injuries. If bleeding 
continues after surgical reparation of the laceration, the site of bleeding can be detected in 
angiography and selective embolization can be performed. PAE is often an easier method to 
achieve definitive hemostasis in these cases.  

Several studies have shown that hemodynamic instability, presence of DIC, the need for massive 
transfusions and the presence of AIP have predicted PAE failure (Lee et al. 2012, Poujade et al. 
2012, Kim et al. 2013). In our study, PAE failed in five women, three of which had AIP. The mean 
amount of blood loss among women with PAE failure was 13 250 ml, which was higher than the 
mean amount of blood loss in the whole study population. Although our cohort was so small that 
definitive conclusions could not be reliably made, these results might strengthen the idea that 
massive bleeding and AIP may implicate the failure of PAE.  

Lee et al. (2012) concluded that PAE should be considered early in PPH management and 
hemodynamic instability should not be a contraindication when the situation is life-threatening. In 
our study cohort, every woman was hemodynamically stable before transfer to an interventional 
radiology unit for PAE. Because of our interventional radiology facilities, all possible uterus-
preserving surgical and conservative management options were usually performed before 
proceeding to PAE. In some cases, PAE was performed even after hysterectomy due to continual 
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bleeding. These results showed that, although PAE was not used as a first-line treatment and 
several women had massive bleeding, many still avoided hysterectomy, and hemostasis was 
achieved by PAE. 

Our complication rate related to PAE was 8.9%, which is slightly higher than Lee et al.’s study 
(3.2%) (2012). Fortunately, we had only one severe complication (rupture of iliac artery), and no 
deaths occurred. Lee et al. (2012) reported five (2%) deaths among their large study cohort 
(n=251). Infections occurred in 33% of women after PAE in our cohort but were unlikely to be the 
direct result of PAE. Other procedures like curettages, manual removal of placentas and laceration 
suture probably had a greater impact. 
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6.4 PSYCHOLOGICAL AND PHYSICAL LONG-TERM OUTCOMES OF WOMEN MANAGED WITH 
INTERVENTIONAL RADIOLOGY PROCEDURES (III) 
 

Our study reported long-term outcomes of women who had experienced exceptionally stressful 
and complicated deliveries and IRP. Such data cannot be retrieved from hospital databases or 
registers. That is the main strength of the study. 

The primary goal was to determine both physical and psychological long-term effects after IRP, 
PPH and stressful deliveries. Surprisingly, the main adverse outcomes were psychological, and the 
physical outcomes did not play as significant a role. Two-thirds of women developed psychological 
sequelae, but they were not related to the amount of bleeding, whether hysterectomy was 
performed, or whether IRP was performed electively or in emergency.  

Only a few previous studies have reported psychological outcomes after IRP with contradictory 
results (Sentilhes et al. 2011, van Stralen et al. 2010, van Stralen et al. 2018). Sentilhes et al. 
reported that 67% of women (n=68) had negative experiences after the management of severe 
PPH. This is in line with our results. Their cohort did not include women with hysterectomies, and 
only 43% of the women had massive PPH, strengthening the idea that it is not the volume of 
bleeding nor the hysterectomy that explains the psychological outcomes (Sentilhes et al. 2011).  

Van Stralen et al. reported controversial results. They reported good quality of life after PAE in 
both of their studies (van Stralen et al. 2010, van Stralen et al. 2018). They compared outcomes of 
women whose PPH was managed with PAE or with hysterectomy. One of their main findings was 
that women whose uteruses were preserved had better qualities of life (van Stralen et al. 2018). 
This is contradictory to our results, although they also concluded that extensive counseling should 
follow severe PPH, which was also one of our main findings. In our department, aftercare and 
counseling were clearly inadequate. However, antenatal counseling of women with AIP seemed to 
be effective because this group of women had less fear of death. 

In our study, one-fifth of women filled the criteria for PTSD. A review article published in 2018 
showed a probable association between postpartum hysterectomy, PPH and PTSD (Zaat et al. 
2018). Another review article reported the incidence of postnatal depression in 13% and the 
incidence of PTSD in 3% after PPH (Carrol et al. 2016). Women with AIP and anticipated traumatic 
delivery are also reported to be at increased risk of PTSD (Tol et al. 2019). These results confirm 
that PTSD does exist after stressful deliveries. 

The partners’ perspectives have been studied in a few small studies (Snowdon et al. 2012, Dunning 
et al. 2016, van Stralen et al. 2018). The main findings have been the inadequacy of information 
during the delivery and, thus, the powerless feelings of partners. Sexual and marital problems 
were reported in our study as well as in previous studies (Sentilhes et al. 2011). Dyspareunia may 
be partly explained by trauma to the birth canal, but psychological aspects may also play a role. 
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PPH has been shown to prevent couples from planning future pregnancies, although several 
studies have reported relatively good outcomes of subsequent pregnancies after PPH and IRP 
(Soro et al. 2017). The main fear among women and their partners was recurrent PPH (Soro et al. 
2017). The recurrence rate of PPH in subsequent pregnancies after PAE is reported to be 19.2% in 
Soro et al.’s review (Soro et al. 2017). Our study supports these findings. Poggi et al. (2015) 
reported an increased risk for AIP after IRP, but this is not in line with our findings. No one in our 
study had AIP in their subsequent pregnancies. However, it is known that women with AIP are at 
increased risk (22  ̶29%) of recurrent AIP and complications related to AIP in subsequent 
pregnancies (Collins et al. 2019). 
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6.5 COMPARISON OF WOMEN WITH MAJOR AND MINOR PLACENTA PREVIA (IV) 

 

The previous literature has reported more adverse obstetric outcomes among women with major 
PP compared to women with minor PP (Dola et al. 2003, Tuzovic et al. 2006, Bahar et al. 2009, 
Sekiguchi et al. 2013). The reported adverse outcomes of major PP include a higher incidence and 
amount of antepartum and postpartum hemorrhage and a higher incidence of preterm deliveries, 
AIP and hysterectomies. In our study, women with major PP had a slightly greater amount of 
hemorrhage, as well as a higher incidence of preterm births. However, the incidence of very 
preterm births (<32 gestational weeks) was similar compared to women with minor PP, and the 
hemorrhage did not lead to further severe complications or a need for additional treatment 
modalities in women with major PP.  

In our study, the rate of AIP was similar in women with major PP (14.9%) or minor PP (14.7%). 
Also, the incidence of hysterectomies was similar among these groups (9.3% versus 6.3%, 
p=0.762). These results are inconsistent with previous studies (Tuzovic et al. 2006, Bahar et al. 
2009). The reported rate of AIP among women with major PP was 15.2%, and among women with 
minor PP, it was 2.9% in Tuzovic et al.’s study, which also revealed that most of the hysterectomies 
were performed in women with major PP (10.6% versus 0.7%) (Tuzovic et al. 2006). Another study 
of Bahar et al. (2009) had equal findings; major PP was significantly associated with placenta 
accreta (OR 3.2, CI 1.22  ̶8.33) and hysterectomies (OR 5.1, CI 1.31 ̶ 19.86).  

Women with minor PP had a higher incidence of emergency CSs compared to women with major 
PP in our study. Pivano et al. showed different reported results. In their study, major PP was one 
of the main causes leading to emergency CS (Pivano et al. 2015). One explanation for this 
difference may be that some of the women with minor PP attempted vaginal delivery with the 
consequence of profuse bleeding and emergency CS. 

Based on the results, pregnancies with PP should always be considered as high risk, whether the 
PP is major or minor. Both are risk factors for massive PPH, AIP and postpartum complications. 
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6.6 ACCURACY OF THE SCREENING AND FOLLOW-UP IN WOMEN WITH PLACENTA PREVIA (IV) 
 

The main finding of this study was that, due to our screening protocol (based on study of Taipale 
et al. 1998), almost one-fifth of women with major or minor PP at term did not have a follow-up 
after mid-pregnancy. Almost 40% of these cases had major PP at term, which suggests that a 
proportion of women with placenta overlapping the cervix by 1  ̶14 mm at mid-pregnancy will still 
have major PP at term.  

Taipale et al. (1998) reported a positive predictive value for PP at the time of delivery to be 19% if 
the placental edge was ≥15 mm overlapping the cervical os at the mid-pregnancy screening. The 
sensitivity was 100%. The resolution rate for minor PP has been demonstrated to be as high as 
94.8% (Heller et al. 2014). Placental resolution is more likely if the woman does not have a history 
of prior CS (Lal et al. 2012). In Lal et al. (2012), the placental resolution rate was 61% in women 
with prior CS and 90% in women without. 

There were no statistical differences between the outcomes of women who were diagnosed with 
PP at the mid-pregnancy screening and those who were not. However, two women without a 
follow-up and with a history of CS underwent hysterectomy due to hemorrhage and AIP. 
Additionally, one-fifth of the women without a follow-up did not have the first bleeding episode 
until 37 gestational weeks. Perhaps these adverse events would have been avoided if the follow-
up had been arranged and the diagnosis of PP had been established earlier.  

CS is a known risk factor for both PP and AIP. PP is also a major risk factor for AIP. If some of the 
women with PP do not have a follow-up after mid-pregnancy, we heighten the risk of missing 
some AIP cases and may therefore see severe complications. We found no difference in AIP rates 
between major and minor PP, which strengthens the idea that follow-up for women with major 
and minor PP is equally essential and important. In the Helsinki metropolitan area, the uptake of 
the prenatal screening program is very high, which also allows systematic screening for PP. 
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6.7 LIMITATIONS (I-̶ IV) 
 

The main limitation of studies I and II is their retrospective nature and lack of predefined control 
groups. However, randomization is not possible in an emergency situation like PPH. Our study 
cohorts (I, II) were also relatively small. However, our cohort of 50 women was the largest BBT 
study when it was published (2013), and women managed with PAE were collected during a 
relatively long time interval (10 years). Definitive conclusions cannot be made from such small 
cohorts, but the clinical value of these results is unquestionable.  

The overrepresentation of psychological sequelae in study III was not expected. Therefore, data 
about women’s psychiatric history or their partners’ perspectives were not collected, and the 
validated questionnaires were not used (for example, quality of life questionnaire [QOL], screening 
tool for PTSD or questionnaire for depression screening [EPDS]). However, the previous studies 
also did not often use validated questionnaires, and there are no validated questionnaires for 
screening specifically for psychological outcomes after stressful deliveries.  

The time interval between the index delivery and the study was somewhat long in study III. This 
could lead to recall bias. However, women still reported traumatic memories many years after the 
index event, which suggests the severity of the adverse psychological sequelae. Also, the response 
rate was relatively low (III), which may reflect the negative memories of the stressful event. Due to 
the low response rate, the study cohort was smaller than we hoped, but it was higher than that of 
a previous comparable study (31%, van Stralen et al. 2018).   

The major limitation of study IV was that not all women who had PP at the time of the mid-
pregnancy screening could be retrieved from hospital databases. Women who had placenta <15 
mm overlapping the cervix were not diagnosed with PP at mid-pregnancy, and they did not have a 
follow-up. Some of these women were admitted to the hospital later in pregnancy due to bleeding 
or other problems, but there are certainly some women who had a marginal or low-lying placenta 
at term without antenatal complications and with an uneventful delivery. This is the group of 
women we could not find in hospital databases. The main reason is that the screening ultrasound 
examinations are mainly performed by midwives, and they do not assess ICD-10 diagnosis codes in 
patient medical records.  
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6.8 CLINICAL IMPLICATIONS 

 

It was confirmed that the effectiveness of BBT and PAE in the treatment of PPH are not dependent 
on the etiology of PPH. BBT should be used with low threshold and without delay before bleeding 
reaches life-threatening volumes. PAE is a good option after other treatment modalities have 
failed and even after hysterectomy when hemorrhage continues. Every delivery unit should 
include BBT and, if possible, PAE should also be included in their PPH treatment protocols. BBT and 
PAE have established a major role in our clinic, and our results also confirmed the safety of these 
procedures. 

Physical long-term outcomes after IRPs seemed to be relatively good. However, after complicated 
deliveries, adverse psychological outcomes were common, and many women considered aftercare 
to be inadequate. This strongly suggests a need for better-organized counseling, which should 
include information about good obstetric outcomes as well as the risks for recurrent PPH and AIP 
in subsequent pregnancies. Women should also be aware of the high incidence of psychological 
postpartum problems and should know who to contact if special psychological support is needed. 
A postpartum counseling protocol for such women should be implemented in every obstetric unit. 
Counseling before an anticipated complicated delivery is an important and effective way to 
diminish psychological problems postpartum. There have also been further attempts to improve 
the antenatal counseling protocol. 

Our screening protocol for PP missed a remarkable number of women who still had PP at the time 
of delivery and left them without a follow-up. This may also lead to undiagnosed AIP cases; thus, 
PP is one of the major risk factors for AIP. Minor PP proved to be as significant a contributor to 
obstetric complications as major PP. Our screening protocol was changed after these findings, and 
all women with major PP and some of the women with minor PP (placenta 0─10 mm from the 
internal cervical os) are now called for a follow-up ultrasound scan at 32 gestational weeks.  
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6.9 FUTURE ASPECTS 

 

It seems that the prevalence of PP and AIP is increasing and that obstetricians will be faced with 
such pregnancy complications more frequently. Future research should continue to focus on 
finding even better antenatal diagnostic tools to recognize these conditions. Patient counseling 
plays a major role in reducing CS rates for non-medical indications (for example, fear of childbirth). 
Women should be informed about how CS, especially repeated CS, may influence their future 
pregnancies and health outcomes. Counseling should be structured and systematic, and current 
methods of postnatal counseling and screening for adverse psychological outcomes should be 
evaluated. There is a need to develop a structured questionnaire for women and their partners to 
evaluate psychiatric outcomes after stressful deliveries. Different antenatal counseling and 
postnatal debriefing protocols should be tested and outcomes analyzed to find the best methods 
to prevent adverse obstetric outcomes and psychological sequelae. 
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7 CONCLUSIONS 

 

Based on the studies, the following conclusions can be drawn: 

 

1. BBT is an effective, readily available and safe treatment option for PPH of any etiology. In 
every obstetric unit, BBT should be included in the first-line PPH treatment protocol. 
 

2. PAE is an effective and safe procedure in the treatment of PPH when other standard 
procedures have failed. Hysterectomy and other demanding surgical procedures might be 
avoided in many cases. 
 

3. A high rate of adverse psychological outcomes was associated with complicated deliveries and 
IRPs. There is a need for systematic aftercare and counseling. Women should be counseled by 
the obstetrician who attended their delivery. Counseling should include information about 
fertility, subsequent pregnancy outcomes and possible long-term physical and psychological 
sequelae. Antenatal counseling for women with AIP has positive effects on reducing the fear of 
death during pregnancy and delivery.  

 
4. Almost one-fifth of women with major or minor PP went without a follow-up after their mid-

pregnancy screening due to our old screening protocol. Regardless of the type of PP, it is 
always a high-risk condition and predisposes women to massive PPH and postpartum 
complications. Both minor and major PP are risk factors for AIP, especially in women with 
previous CS. The follow-up is essential for both types of PP. 
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APPENDIX I: Questionnaire for women with hysterectomy 
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Dear ________________________________, 
 

You have delivered in Naistenklinikka. Because of bleeding problem or high risk of heavy bleeding 
during your delivery you had hysterectomy. You also experienced catheterization of femoral 
arteries and possible embolization of pelvic arteries. 

Currently, we are performing an inquiry to all the patients treated by these procedures. The purpose 
is to evaluate whether the procedures had influence on your further health and quality of life. We 
hope to get more information about long-term effects of these procedures. By obtaining this 
information we can recognize better possible problems related to this procedure and provide more 
accurate counseling. 

We would be very grateful if you could answer the following questionnaire. It will take about 10 
minutes. We wish that you will be able return the filled questionnaire by 30.6.2013. Postal charge is 
already paid on behalf of you. All information will be handled confidentially and if you prefer not 
to answer, it will not influence to your further medical treatment. 

 

Helsinki 29.5.2013 

 

Yours Sincerely, 

Maiju Grönvall 
MD, Specialist in Obstetrics and Gynecology 
HYKS, Naistenklinikka 
email. maiju.gronvall@kymp.net 

Vedran Stefanovic 
PhD, Specialist in Obstetrics, Gynecology and Perinatal Medicine 
HYKS, Naistenklinikka 
email. vedran.stefanovic@hus.fi 
tel. 050- 427 1230 
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Questionnaire: 
 
 
 
1) Have you recovered totally of the delivery (in which you had the catheterization procedure and 
hysterectomy) (circle)? 

Yes / No 
 

2) If you feel that you do not have recovered totally, what kind of physical or mental symptoms or 
problems you still have? 
 
 
 
3) What kind of experience your delivery was to you? 
 
 
 
4) Was the hysterectomy hard experience to you? If yes, how? 
 
 
 
5) Have you had some of the following symptoms after your delivery (circle): 

a. depression 
b. fear of death 
c. sexual problems 
d. problems with intimate relationship 
e. hard to accept that You are not able to get pregnant again 

 
 
6) If you have had physical or mental problems after embolization, have you got help to your 
problems? Where did you get help? 
 
 
 
 
 
 
 
 
 
 
 
 
Thank you very much for your time and answers! 
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APPENDIX II: Questionnaire for women without hysterectomy 
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Dear_________________________, 
 
 
You delivered in Naistenklinikka or in Kätilöopisto and experienced bleeding problems which was 
treated, among other measurements, by procedure called uterine artery embolization. The 
procedure’s goal is the temporary closure of uterine arteries in order to stop bleeding. 
We currently are performing an inquiry to all the patients treated by this procedure. The purpose is 
to evaluate whether the embolization of uterine arteries had an influence on your menstrual cycle, 
possible pregnancies and mental health. We hope to get more information about long-term effects 
of this procedure. By obtaining this information we can recognize better possible problems related 
to this procedure and give counseling to patients. 
We would be very grateful if you could answer the following questionnaire. It will take about 10-15 
minutes. We wish that you will be able return the filled questionnaire by 19.12.2012. Postal charge 
is already paid on behalf of you. All information will be handled confidentially and if you prefer not 
to answer, it will not influence to your further medical treatment. 
 
 
 
 
Helsinki 19.11.2012 
 
 
 
 
 
Maiju Grönvall 
MD 
Specializing Doctor in Obstetrics and Gynecology 
HYKS, Naistenklinikka 
email. maiju.gronvall@kymp.net 
tel. 050- 427 1216 
 
 
Vedran Stefanovic 
PhD, Specialist in Obstetrics, Gynecology and Perinatal Medicine 
HYKS, Naistenklinikka 
email. vedran.stefanovic@hus.fi 
tel. 050- 427 1230 
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A. Menstrual cycle 
 
 
1) Is your menstrual cycle nowadays regular (circle)? 
 Yes / No 
 
2) How long is your period (days)? 
 
 
3) Is the amount of menstrual bleeding (circle) 
 Spare / Normal / Heavy 
 
4) Have you noticed any change in your period after embolization procedure? What kind of change? 
 
 
 
5) Have you had sterilization during your delivery (circle)? 
 Yes / No 
 
If answer is yes, you do not have to answer questions A6, B4-10, C. 
 
6) Do you use contraception? What kind of contraception? For how long? 
 
 
 
B. Fertility 
 
 
1) Did you have problems to get pregnant before embolization (circle)? 
Yes / No 
 
2) Did you have any examinations because of infertility before embolization (circle)? 
Yes / No 
 
3) Have you had artificial reproductive treatment (IVF or any kind of assisted reproductive 
techniques) before embolization (circle)? 
Yes / No 
 
4) Have you tried to conceive after embolization (circle)? 
Yes / No 
 
5) Have you had pregnancies after embolization (circle)?  
Yes / No 
 
6) If you have tried to get pregnant without succeeding, how long have you tried (months)? 
 
 
7) If you have not tried to conceive after embolization procedure, why? 
 
  



118 
 

8) Have you had examinations because of infertility after embolization (circle)? 
Yes / No 
 
9) Have the doctors found some reason for your infertility? What was the reason? 
 
 
10) Have you had artificial reproductive treatment after embolization? What kind of treatment? 
 
 
 
C. Pregnancies after embolization 
You do not have to answer this section if you have not had pregnancies after embolization 
 
 
1) How many pregnancies have you had after embolization? 
 
 
2) For how long did you try to conceive before you got pregnant (months)? 
 
 
3) How many of your pregnancies ended up with (you can but the number after each item a-c) 
a. Miscarriage? 
 
b. Abortion? 
 
c. Delivery? 
 
4) If your pregnancy ended up to miscarriage, in which pregnancy week the miscarriage happened? 
 
 
5) If you had artificial abortion, what was the reason for it and in which pregnancy week that 
happened? 
 
 
6) If you had delivery, 
 a. In which pregnancy week the baby was born? 
 
 b. What was the birth weight of the baby? 
 
 c. Was there any problem during the pregnancy, what kind of problems? 
 
 d. Did you have vaginal delivery or cesarean section as a mode of delivery?  
 If cesarean, why? 
 
 e. Did the massive hemorrhage happen again? What was the amount of blood loss? 
 What was the reason for blood loss? 
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D. Quality of life 
 
 
1) Have you recovered totally of the delivery (in which you had the embolization) (circle)? 
Yes / No 
 
2) If you feel that you do not have recovered totally, what kind of symptoms or problems you still 
have? 
 
 
3) What kind of experience your delivery was to you? 
 
 
4) Have you had some of the following symptoms after your delivery (circle): 
a. depression 
b. fear to get pregnant again 
c. anxiety during a new pregnancy 
d. fear of delivery 
e. fear of death 
f. sexual problems 
g. problems with intimate relationship 
 
 
5) If you have had physical or mental problems after embolization, have you got help to your 
problems? Where did you get help? 
 
 
 
 
 
 
 
 
 
 
 
 
Thank you very much for your time and answers! 
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