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Purpose: We aimed to investigate the combined effect of spiral suture of the lower uterine segment with intraoperative aortic balloon 
occlusion in morbidly adherent placenta previa cases.
Patient and Methods: This retrospective, single-center study involved patients from 2017 to 2020. The study considered 68 cases of 
morbidly adherent placenta previa cases from medical records retrospectively with age ranging from 23 to 42 years. Bilateral uterine 
artery embolization was performed, to control excessive bleeding. Perioperative blood loss, hysterectomy rate, amount of blood 
transfusion, balloon occlusion time, fetal and maternal radiation dose, and postpartum complications were assessed.
Results: A total of 68 patients underwent surgery. Hysterectomy was performed in three patients and uterine artery embolization in 21 
patients. Of 53 patients who required blood transfusions, the amount of packed red blood cells given was 800 mL and the amount of 
plasma given was 400 mL. Median abdominal aortic balloon occlusion time was 17 minutes. Fetal and maternal radiation doses were 5 
mGy and 12 mGy, respectively. One patient experienced surgery-related complications, a bladder injury. No major catheterization- 
related and postpartum complications were observed.
Conclusion: Fertility-sparing surgery for women with morbidly adherent placenta could include abdominal aortic balloon occlusion 
and spiral suture of lower uterine segment.
Keywords: morbidly adherent placenta previa, spiral suture, lower uterus, aortic balloon occlusion

Introduction
Placenta accreta spectrum or morbidly adherent placenta occurs mostly on a previous cesarean scar when placenta fails to 
detach due to abnormal invasion of placenta in to the uterine wall.1,2 The incidence of morbidly adherent placenta 
increased in the past decade from 0.8 per 1000 deliveries to 3 per 1000 deliveries.3 The increase in the incidence is 
attributed to increase in cesarean deliveries from 1 in about 2500 births to 1 in 500 births.4 The number of previous 
cesarean deliveries is the most important antenatal risk factor. A recent retrospective study reported that the rate of 
accreta for previous 1, 2, 3, 4, and 5 cesarean deliveries was found to be 26.7%, 43.5%, 65.5%, 55.6%, and 66.7, 
respectively. The management of morbidly adherent placenta previa is challenging due to the high risk of massive 
hemorrhage following delivery due to invasion of the placenta into surrounding tissues in those with placenta percreta.5,6 

The massive hemorrhage often leads to multiorgan failure and the need for morbid hysterectomy and blood 
transfusion.2,7 It is also one of the common causes of maternal mortality with a mortality incidence of 7% 
worldwide.8 Several predictive models were developed to assess the outcomes of placenta accreta spectrum and uterine 
sparing techniques.9,10

Peripartum emergency hysterectomy is the most effective and safe intervention to stop postpartum hemorrhage.10 In 
around 75% of cases with morbidly adherent placenta previa, peripartum hysterectomy is preferred.11 However, many 
women desire fertility-sparing surgery, if possible, for which several conservative methods have been adopted. 
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Postpartum hemorrhage is primarily managed with the help of conservative approaches such as using uterotonic agents, 
bimanual uterine massage as well as laceration suturing. When these methods fail in effective management, other uterine 
sparing surgical procedures are used, which include uterine compression sutures, uterine arterial embolization, and 
ligation of the uterine or hypogastric artery.7,9,12 Internal iliac artery ligation can be an effective way to control 
hemorrhage and preserve the uterus, but may be technically challenging in urgent settings.13 The external compression 
suture techniques have a bleeding control success rate of around 76% to 100% for uterine atony or the simple placenta 
previa and decreased the need for cesarean hysterectomy.14,15 In placenta previa/accreta cases, an overall success rate of 
86% in achieving hemostasis was reported by Li et al12 and a success rate of 98.2% by Mohamed et al16 while only 
14.28% of success rate was reported in preserving the uterus of placenta increta cases.14 Ligation is often challenging due 
to anatomical changes and enlargement of the uterine vessels’ plexus during pregnancy.17 The ring suture is parallel to 
the cervical os, and the suture needs to be removed through the vagina afterwards.18

Tightening during previously used suturing techniques may induce lacerations of the posterior wall increasing the 
bleeding and even leading to infertility due to the restrictive compression and drainage of the uterine cavity.19 In modern 
society, due to the progress of surgical and interventional radiology, hemostasis is achieved by directly suturing the bleeding 
site instead of indirect compression sutures. However, in some cases all these methods can be insufficient in controlling 
bleeding from the lower uterine segment. Risk associated with the use of multiple square sutures and the circular isthmic- 
cervical sutures include uterine cavity occlusion due to the presence of bloods clot and debris entrapment. Even though 
cervical canal closure will be prevented by using the parallel vertical penetrating sutures, these sutures do not include the 
whole length and thickness of the lower uterine wall. Therefore, it may not facilitate complete hemostasis.20,21 These sutures 
are not effective in achieving hemostasis as their focus was reinforcement of contractions of the myometrial fibers. 
Inconclusive results have been observed especially in cases involving the lower uterine segment since it is deficient in 
myometrial fibers because of which the rate of hysterectomy is high.22,23 Also, it can lead to complications such as infection, 
pyometra, synechiae, obstruction, uterine necrosis, and even infertility because of the restrictive compression and drainage of 
the uterine cavity. As opposed to the abovementioned anatomical changes and unsatisfying hemostasis effects involved in 
traditional techniques, Meng et al reported “multifaceted spiral suture” thus achieving significant hemostasis.24

To minimize postpartum hemorrhage and preserve the uterus, aortic balloon occlusion, a minimally invasive 
technique was performed in 1995.25 Compared with other techniques such as internal iliac balloon occlusion, aortic 
balloon occlusion helps in prolonging the operator time to achieve hemostasis via curettage and oversewing of the 
implantation site.26 Hence, the present study was conducted in an effort to decrease maternal morbidity and mortality 
among women with morbidly adherent placenta that desire fertility-sparing surgery using an operative protocol that 
includes a spiral suture of the lower uterine segment, intraoperative intermittent abdominal aorta balloon occlusion, and 
uterine artery embolization, if needed for severe hemorrhage.

Methods
Study Design and Study Population
This was a retrospective study conducted at the Department of Obstetrics and Gynecology in the First Affiliated Hospital 
with Nanjing Medical University (Nanjing, China). All patients with morbidly adherent placenta treated at our hospital 
during 2017 to 2020 were included unless they had coagulopathies, serious medical comorbidities such as preeclampsia 
that would be the risk factor for additional complications, and the cases that showed signs of requiring urgent care. All 
cases included had previously undergone cesarean delivery or anterior submucosal myomectomy. Expectant management 
patients were given corticosteroids for lung maturation at 32 weeks and were hospitalized at 34 weeks with delivery 
planned at 35 to 36 weeks. The ethics committee of the First Affiliated Hospital with Nanjing Medical University 
approved the study (approval number: 2017-SR-414).

Diagnostic Criteria
Morbidly adherent placentation was diagnosed by ultrasonography (US) (GE Electric Medical Systems, Milwaukee, 
Wisconsin, USA) and also by magnetic resonance imaging (MRI) with 1.5 T MAGNETOM Amira (Siemens 
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Healthineers, Los Angeles, CA, USA) during 24 to 34 weeks of gestation.27 The diameter of the abdominal aorta was 
measured by MRI. The ultrasound diagnostic criteria considered were as described by Cali et al,28,29 which include (a) 
clear space: loss or irregularity of echolucent area located between uterus and placenta; (b) bladder line: thinning or 
interruption of the hyperechoic interface between anterior uterine serosa and bladder posterior wall; (c) placental lacunae 
with the turbulent high velocity flow (>15 cm/s), vascular lakes with turbulent flow, increased vascular pattern of the 
uterine–bladder interface with abnormal vessels linking the placenta to the bladder, and markedly dilated vessels over the 
peripheral subplacental region. The MRI diagnostic criteria considered for the study included abnormal uterine bulging, 
dark intraplacental bands on T2-weighted imaging, heterogeneous signal intensity within the placenta, disorganized 
vasculature of placenta, and disruption of the uteroplacental zone.

Surgical methods
The surgery was performed using intradural anesthesia and was monitored with an arterial line. Using standard 
techniques, a 7-French (F) balloon catheter of 14 mm × 40 mm (Brad, USA) was inserted through the right femoral 
artery under digital subtraction angiography guidance. The catheter was placed superior to the abdominal aorta bifurca
tion and inferior to the renal arteries. About 10 mL of contrast medium was used at a pressure of 6 atm to inflate the 
balloon to approximately 12 to 14 mm and the correct balloon placement was checked by observing the disappearance of 
the dorsal artery of the ipsilateral foot. Later, the balloon was deflated and the catheter was secured to prepare for the next 
stage of the procedure.

Using an abdominal midline incision, the hysterotomy site was selected, which was away from the margin of the 
placenta and the fetus was delivered. The surgeon then exteriorized the uterus, clamped the incisional margins of the 
uterus using 8 oval forceps, and the uterine cavity was compressed with gauze packing temporally. Uterotonics were 
administered after inflating the abdominal aorta balloon for about 10 to 15 minutes. Once the bleeding was controlled due 
to the aorta balloon, the gauze packing was removed. During the procedure, the aortic balloon inflation was monitored 
using blood pressure and pulse oxygen measurements in the lower extremities.

After observing the placental position and the extent of myometrial invasion, the placenta was removed manually as 
much as possible, followed by blunt and sharp dissection of adherent portions. The internal os was exposed, with 
palpation of the canal to confirm proper identity. The anterior and posterior edges of the internal os were then elevated 
into the uterine cavity with either ring or Allis forceps, exposing the lower uterine segment. Using a continuous running 
polyethicon (1–0) suture, starting around the internal os toward the uterine fundus in a spiral pattern until the placenta 
bed in the lower uterine segment was sutured (Figures 1–4 and Video S1).

The aortic balloon was inflated for a maximum duration of 15 minutes with 2-minute deflation between the inflation 
periods, as needed to control the bleeding. Additional focal sutures were placed as needed to achieve hemostasis. Once 
hemostasis was achieved, the hysterotomy was closed using polyethicon (1–0) suture by a double layer technique—a 
continuous locking technique for the deep myometrial edge with minimal decidua and a continuous running suture for 
the second layer. Bilateral uterine artery embolization was performed for patients with active bleeding and 1500 mL or 
more estimated blood loss. Hysterectomy was performed for intractable bleeding or patients with instability. 
Cystorrhaphy was performed for the placenta infiltrated to the posterior of the bladder. Dissection of the anterior uterine 
wall from the posterior bladder was accompanied by large posterior cystotomy by the urologist. For bladder repair, 
a water-tight closure was done using polyethicon (3–0) suture by continuous running double layer technique. The first for 
the mucosa and muscular layer while the second was used for the serosa layer. Later, a cystoscope was performed and if 
no leaks were identified upon bladder irrigation, an omental flap was placed between the bladder and the vaginal cuff. 
A Jackson-Pratt drain and a Foley catheter were placed at least for 2 weeks. The aortic balloon and its sheath were 
removed prior to the exit from operating room and the patient’s right leg was immobilized for 2 hours. The placentas 
were sent for final pathologic diagnosis.

Data Collection and Follow-Up
Following the surgical procedure, we recorded the following data: intraoperative blood loss, blood loss in the first 24 
hours postoperatively, transfusion volume and type, occurrence of hysterectomy, pattern and duration of occlusion of the 
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abdominal aortic balloon, duration of fluoroscopy, the dosimetry measurements of maternal and fetal radiation exposure, 
body temperature in case of fever due to infection, status of lochia, blood human chorionic gonadotropin (hCG) levels in 
1 week after childbirth, and Apgar score of the neonate and neonatal complications. The Apgar score helps to quickly 
summarize the health of newborn children against infant mortality using five criteria: A-appearance (skin color), P-pulse 
(heart rate), G-grimace (response), A-activity (muscle tone), and R-respiration (breathing ability).

After the multidisciplinary operation, postoperative antibiotic therapy was instituted with Augmentin and gentamicin, and 
cephalexin for 24 to 48 hours for prophylaxis. Postoperative ultrasound images were taken during the sixth to seventh 
postpartum days to evaluate for uterine involution, retention of placental fragments, hematomas, and embolic complications 
such as vascular thrombotic disease. However, if patients exhibited any signs or symptoms, including pain or signs of anemia 
after delivery, they were screened by ultrasound immediately. Using the ultrasound images, we measured the size of the 
uterus in order to determine the status of the involution. Palpation of the uterine height would be evaluated to check for 
involution. If there was subinvolution, Oxytocin and Ergonovine were administered as treatment. If hematomas were 
detected at a size <1.5 cm, they were considered clinically insignificant; however, body temperature, hemoglobin level, 
and reabsorption were monitored. If the hematomas were detected at a size >1.5 cm, but not increasing in size, antibiotics 

Figure 1 The lower uterine segment of the morbidly adherent placenta previa cases. The signs of engorged and tortuous vessels in the lower uterine segment (black arrow), 
indicates a high probability of placenta accreta.

Figure 2 Pulling cervical lips and spiral suturing of lower uterine segment. (A) A continuous running spiral suture was made with I/0 vicryl suture starting around the internal 
cervical os in an outward direction in order to address any bloodspots. (B) The surgeon exposed the internal cervical os (black arrow), grasped the anterior and posterior 
cervical lips with straight Allis forceps to expose the lower uterine segment.
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were administered for prophylaxis. Hematomas that increase in size require immediate reoperation. In case of thrombosis, the 
4100 IU of low molecular weight heparins were administrated for at least 1 week and the affected limb was immobilized.

Patients were discharged when they had achieved normal levels of activity and were afebrile. We followed up every 
patient about the involution of uterus, beta-hCG levels, and menstrual resume in 42 days, 3 months, 6 months, and 1 year 
at postpartum, respectively. If patients were unable to return to our hospital, we asked their local provider to send their 
results to our center to be added to their case files.

Statistical Analysis
The demographic and perioperative data were analyzed using statistical software package (SPSS) version 19.0 (IBM, 
Armonk, NY). Due to relatively low sample number, the statistical normality was tested using Shapiro–wilk test. 
Normally distributed data are reported as mean and standard deviation (mean ± standard deviation [SD]) while non- 
normally distributed variables as median (interquartile ranges [IQR] 25th and 75th percentiles) or the full ranges.

Figure 4 Suturing of internal os and anterior uterine wall. Blue line indicates suturing of posterior edges of internal os and black line indicates suturing of anterior wall of 
uterus.

Figure 3 Spiral suturing of the lower uterine segment. Number 0 vicryl was used to quickly suture spirally the area of previous placenta implantation in the lower uterine 
segment. This spiral suture was performed on the area of previous placenta embedded in the lower uterine segment along the cervical area toward the uterine cavity until 
the bleeding site had been suppressed (black arrow).
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Results
Demographics of the Study Population
The study considered 68 cases of morbidly adherent placenta previa cases from medical records retrospectively with age 
ranging from 23 to 42 years (mean 33.43 ± 4.58 years). Sixty-five of the 68 patients had prior cesarean deliveries: 56 of 
them had one cesarean, seven of them had two cesareans, and two of them had three prior cesarean deliveries (Table 1). 
Three women had a history of prior anterior submucous myomectomy. A total of 57 women had a history of uterine 
curettage, either due to an abortion or miscarriage. Deliveries were electively scheduled from 28+6 weeks to 39+5 weeks. 
The median gestational age at birth was 35+2 weeks (IQR 34+5, 37+4 weeks). Twenty women included in the study were 
already pregnant for >36 weeks when they arrived at our hospital.

Outcomes of the Study and Follow-Up
During the 3 years of study, the overall incidence of placenta accreta spectrum in our hospital was 1.48% (accreta), 
1.20% (increta), and 0.05% (percreta). All 68 women recruited in our cohort had positive ultrasound results, which 
showed not only previa but also accreta spectrum. The preoperational US results showed accreta, increta, and percreta in 
50%, 44%, and 6% of cases, respectively, whereas 58%, 36%, and 6% of cases, respectively, with MRI (Table 2). The 
results of percreta, both through ultrasound and MRI, were consistent with each other. The results of both imaging 
modalities, US and MRI, had a consistency rate of 92%. After the surgery and subsequent pathological investigations, it 
was revealed that four accreta cases were identified as increta. The results of pathological diagnoses post-surgery showed 
placenta accreta and percreta among 57%, 37%, and 6% of cases, respectively. Antepartum and pathological diagnoses 
had a concurrence rate of 94%.

The median intraoperative blood loss was 1200 mL (IQR 800, 2025 mL) with a mean of 1588 ± 1251 mL. The 
median blood loss in the first 24 hours of postpartum was 130 mL (IQR 90, 235 mL) with a mean of 124 ± 72 mL. 
Thirty-five women received blood transfusion with a median transfusion of 800 mL (700, 1200 mL) of packed red cells 
and 400 mL (400, 800 mL) of plasma (Table 3).

Table 1 Demographic Characteristics of Patients

Variables Shapiro–Wilk Quartiles (Median, 
25th and 75th 
Percentiles)

Age (years) 0.723 33.43 ± 4.58*
Gravida 0.000 3 (3, 4)

Para 0.000 1 (1, 1)

Previous cesarean sections 0.000 1 (1, 1)
Curettage 0.000 1 (1, 2)

Surgery gestational age (Weeks+Days) 0.004 35+2 (34+5, 37+4)

Note: *Mean ± SD.

Table 2 Category of Placental Invasion During Pre- or Post-Operation

Degree of Placental 
Invasion

US Diagnosis 
n (%)

MRI Diagnosis 
n (%)

Pathologic Diagnosis 
n (%)

Placenta accreta 34 (50) 40 (58) 39 (57)

Placenta increta 30 (44) 24 (36) 25 (37)
Placenta percreta 4 (6) 4 (6) 4 (6)

Notes: The first two columns, US Diagnosis and MRI Diagnosis, were used to identify the degree of placental 
invasion prior to surgery and had a 92% consistency rate. The third column, Pathological Diagnosis, gathered post- 
surgery, is considered the standard criteria. Finally, 67 cases were correctly diagnosed prenatally while 4 cases were 
identified by pathological diagnosis to invade the myometrium (increta) 3 days at postpartum. 
Abbreviations: US, ultrasound; MRI, magnetic resonance imaging.
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The median duration of abdominal aorta balloon occlusion was 17 minutes (IQR 9, 26 minutes). The mean fetal and 
maternal radiation doses were 6.98 ± 5.36 mGy and 31.65 ± 39.07 mGy, respectively, while the median fetal exposure 
and maternal radiation exposure were 5 mGy (IQR 3, 11 mGy) and 12 mGy (IQR 3, 52 mGy), respectively. Bilateral 
uterine artery embolization was performed in 21 cases of massive hemorrhage over 1500 mL. Hysterectomy was 
performed in only three cases of intractable hemorrhage. One patient required excision of some bladder tissue due to 
placental infiltration.

Length of hospital stays ranged from 7 to 10 days. Ultrasonography on the sixth and seventh day of postpartum 
showed no uterine incisional hematomas or retained placenta. Neither femoral artery catheterization site complications 
nor venous thromboembolic complications were observed. Serum quantitative beta-hCG levels on day 7 ranged from 
1.28 to 267.20 IU/dL with a mean of 24.27 ± 42.24 IU/dL. At 42 days of postpartum, all patients reported lochia 
consistently with women who had normal deliveries. All patients had negative quantitative beta-hCG levels at 3 months 
(<0.5 IU/dL). A normal menstrual cycle returned between 3 and 12 months. Around two-thirds of patients’ menstruation 
resumed in 6 months while the remaining patients’ mensuration resumed by 1 year (Table 4).

Complications
In our cohort, 49 of the 68 deliveries were premature. The mean neonatal weight was 264 ± 622 g. Apgar scores of all 
newborns immediately after birth (within 1 minute) was above 8, except one infant who had mild asphyxia (Apgar score 
was 5 in 1 minute). This infant’s Apgar score 5 minutes after resuscitation was 8. Forty percent (27/68) of newborns were 
admitted to the NICU. Eight babies had bronchopulmonary dysplasia, nine had neonatal pneumonia, nine had blood
stream infections, four had transient tachypnea of the newborn, and four had asphyxia. Six of the infants had anemia and 

Table 3 Perioperative Data of Patients

Variables Shapiro–Wilk Quartiles (Median, 25th 
and 75th Percentiles) or 
Rate %

Intraoperative blood loss (mL) 0.000 1200 (800, 2025)

First 24 hours postpartum blood loss (mL) 0.001 130 (90, 235)
Transfused RBC (mL) 0.000 800 (700, 1200)

Transfused Plasma (mL) 0.000 400 (400, 800)

Duration of abdominal aorta balloon occlusion (minutes) 0.000 17 (9, 26)
Fetal radiation exposure (mGy) 0.004 5 (3, 11)

Maternal radiation exposure (mGy) 0.000 12 (3, 52)
Hysterectomy 0.000 4% (3/68)*

Bilateral uterine artery embolization 0.000 31% (21/68)*

Notes: In the surgical outcomes, all results were non-normally distributed. *Represented as rate. 
Abbreviation: mGy, milligray.

Table 4 Short- and Long-Time Observation of Patients

Variables 6 Days 42 Days 3 Months 6 Months 1 Year

Lochia 68 68 NA NA NA

Clinical examination NA 68 68 68 68

Sonography 68 68 68 68 68
Beta-hCG levels 0 50 68 68 NA

Menstrual resume NA NA 24 48 68

Notes: The numbers of patients normal in different variables (total patients=68). No abnormal sonographic reports, while 
all the beta-hCG levels were normal after 3 months of childbirth. After 1 year, all of the patients resumed normal 
menstruation.
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hypoglycemia, while one had intracranial hemorrhage, and one had pulmonary hypertension. A baby who was born at 
28+6 weeks had necrotizing enterocolitis. All the infants had jaundice and were discharged upon recovery.

Discussion
The currently available techniques for preservation of uterus are mostly effective in achieving hemostasis, and prevent 
the need for hysterectomy especially with regard to addressing uterine atony, however, are less effective in cases of 
placenta previa concurrent with invasion into the uterine scar.30 On one hand, defection of the placental insertion site as 
the source of bleeding could induce subsequent uterus atony; the poor contractile myometrial fibers poorly respond to the 
use of tocolytics and traditional external compression. On the other hand, these external sutures do not target the 
placental implantation site or any vessels damaged by the placenta, thus their effectiveness is limited. The latent 
possibilities of laceration are still a big issue.18,19,31–33 None of these methods have been shown to reduce the cesarean 
hysterectomy rate, although a trend toward reduced blood loss has been reported.24,34

The present study investigated the combined effect of spiral suture of the lower uterine segment with intraoperative 
abdominal aortic balloon occlusion in the patients with morbidly adherent placenta previa. In our intrauterine suture 
method, the running direction was perpendicular to the cervical os and vertical from the lower uterine segment (LUS) to 
the uterine cavity. Hemostasis is accomplished by directly suturing the bleeding site of the placenta bed, instead of 
indirect compression sutures compressing the uterine body, furthermore our spiral running suture reinforces the latent 
bleeding site. Prior to placing the spiral suture, the endometrial surface of the LUS is exposed by pulling the cervical lips 
using ring forceps or straight Allis. This maneuver temporarily decreases the blood flow to the LUS, providing access to 
the cervix for removal of peripheral placenta and increases tension on the tissues that stimulate uterine contractions. 
Additionally, this technique does not permanently change the morphology of the LUS and cervix. It will not necessitate 
a follow-up treatment, such as a uterine tamponade and uterine artery embolization.35 In addition, during spiral suture, 
direct bladder injury will be prevented by pushing the bladder inferior away from the sutured area. Only one case of 
severe penetration through the bladder muscularis was observed in the present study, and the bladder dissection was 
performed to repair. Direct suturing also ensures no intrusion while implementing other supplementary hemostatic 
methods such as placement of balloons or uterine artery ligation further reducing the blood loss. Studies have reported 
reduced bleeding with spiral suturing and aortic balloon occlusion. The present study combines both techniques and thus 
has an added advantage in achieving hemostasis.24,36 In a meta-analysis on the management of placenta accreta spectrum, 
the study reported elective or emergent cesarean hysterectomy in 89.7% (208/232) cases,37 whereas in the present study 
only 4% (3/68) of cases had hysterectomy. The results were consistent with the results reported in a study by Meng et al 
using spiral suture in patients with placenta accreta spectrum.24

Advanced intervention technology has already been proven effective for the treatment of morbidly adherent placenta 
previa. Balloon occlusion of the abdominal aorta artery is a widely accepted technique that is implemented to prevent 
massive hemorrhage during detachment of placenta.38 Compared with occlusion of the internal iliac artery, blocking the 
abdominal aorta is faster, technically less challenging, and results in lesser radiation exposure for the mother and 
fetus.26,38 Use of lower abdominal aorta balloon occlusion technique showed a significant reduction in the bleeding 
amount and blood transfusion volumes [(850 ± 100 mL) and (400 ± 50 mL)], respectively, as compared with the control 
group [(2500 ± 230 mL) and (1500 ± 100 mL)], respectively (p < 0.05). Also, the hysterectomy rate in placenta previa 
cases treated using lower abdominal aorta balloon occlusion technique was 5%, which was lower as compared with the 
control group (30%).36 Utilization of both spiral suture and balloon occlusion, results in a reduced pulse pressure distal to 
the site and effectively minimizes blood loss during the subsequent stitching procedure.

Building on the work of Sakhavar et al29 and Meng et al,24 we performed a comprehensive procedure with the 
assistance of balloon occlusion, which resulted in increased time for the dissection and removal of residual placental 
tissue. The removal of all the placental tissue effectively decreases the risk of any potential secondary hemorrhage and 
subsequent infection, even sepsis.34,35 Furthermore, continuously running spiral sutures were easily performed at the 
bleeding site. This suturing technique restores the normal anatomical morphology of the uterus, and by quickly achieving 
hemostasis.24 In a study by Meng et al, excessive blood loss (>3000 mL) in 15.15% of patients was reported24 whereas in 
the present study, no patient had blood loss of >3000 mL, which may be due to the combined use of spiral suture with 
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aortic balloon occlusion. Some potential risks of inflating balloon are aortic rupture, abdominal aorta dissection, 
reperfusion injury, and the inability to deflate or withdraw the balloon through the sheath.25,39 However, the present 
study reported no such risks or thromboembolic events, which is in par with the previous studies.39,40

To the best of our knowledge, this is the first study to combine spiral suture and intermittent abdomen aorta balloon 
occlusion. Fertility-sparing surgery, including abdominal aorta balloon occlusion and spiral suture of the LUS, is easy to 
implement, effective in the minimization of blood loss, as well as reducing many current complications associated with 
morbidly adherent placenta previa, and decreasing the hysterectomy rate dramatically. The main limitations of our 
research are the small sample size and the single-institution nature of this study. The long-term complications, especially 
the effect of our intervention technique is still not very clear and determinate. Additional studies and randomized 
controlled trials are needed to demonstrate the long-term safety and effectiveness of this technique. The surgical 
procedure should be adapted and improved to fit patients’ specific medical conditions, with the primary goal of 
controlling rapid blood loss and protecting adjacent organs. With a high risk of recurrent morbidity adherent placenta 
previa, and the dangers associated with it, we recommend our patients to practice birth control in the future. If subsequent 
pregnancy does occur, supplementary clinical expertise and a longer follow-up is needed to ensure the health of the 
patients.

Conclusion
To conclude, till date the best procedure for morbidly adherent placenta previa has not been fully described. Therefore, 
efforts should be made to choose the most suitable suture technique on a case-by-case basis. The present study suggested 
that fertility-sparing surgery for women with morbidly adherent placenta could include abdominal aorta balloon 
occlusion and spiral suture of the lower uterine segment.
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