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Abstract

:

The internal iliac artery (IIA) is the main arterial vessel of the pelvis. It supplies the pelvic viscera, pelvic walls, perineum, and gluteal region. In cases of severe obstetrical or gynecologic hemorrhage, IIA ligation can be a lifesaving procedure. Regrettably, IIA ligation has not gained widespread popularity, primarily due to limited surgical training and concerns regarding possible complications, including buttock claudication, impotence, and urinary bladder and rectum necroses. Nowadays, selective arterial embolization or temporary balloon occlusion are increasingly utilized alternatives, which can be applied preoperatively or intraoperatively for threatening severe genital or pelvic bleeding. However, IIA ligation retains its relevance, as the previously described procedures are not always available and have limitations. This article provides a step-by-step guide to the IIA ligation procedure and its possible complications. It also includes a detailed description of the anatomy of the IIA and pelvic arterial anastomoses. This review highlights the importance of a thorough understanding of pelvic anatomy as a prerequisite for safe IIA ligation and posits that training in this procedure should be an integral part of obstetrics and gynecology curricula.
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1. Introduction


The internal iliac artery (IIA), previously referred to the hypogastric artery, is the primary arterial vessel of the pelvis. It supplies the pelvic viscera, pelvic walls, perineum, and the gluteal region. The blood supply to the uterus comes from some of the IIA divisions and their anastomoses [1,2].



IIA ligation is a potentially lifesaving procedure in cases of severe bleeding in obstetrics and gynecology [3,4,5,6,7]. In 1894, Howard Kelly was the first to introduce this procedure. He ligated both internal iliac arteries and ovarian arteries to control pelvic bleeding when he failed to perform a hysterectomy for patients with advanced cervical cancer [4]. Immediately after the procedure, he observed the cessation of the pelvic hemorrhage and regression of the carcinoma in the following months [4,5]. Hence, the indications of IIA ligation have expanded [3]. Although the procedure has never been widely practiced, it remains one of the treatment methods to manage profuse pelvic hemorrhage in obstetrics [7]. Surgeons are often reluctant to perform the procedure due to concerns about potential complications, such as buttock claudication, impotence, and urinary bladder and rectum necroses [1,5,7]. Contemporary practice increasingly favors alternatives such as selective arterial embolization or temporary balloon occlusion, which can be employed preoperatively or intraoperatively in cases of severe genital or pelvic bleeding [8,9]. However, IIA ligation is still carried out, as the previously described procedures have limitations [10]. Nevertheless, IIA ligation is rarely described in textbooks and surgeons may be hesitant to perform IIA ligation due to a lack of sufficient experience [7,11]. Therefore, the article aims to emphasize the surgical anatomy of the IIA and collateral pelvic vessels, describe the technical steps and surgical considerations of IIA ligation, and provide a comprehensive discussion of its indications and complications.




2. Methodology


The review process and the consensus between authors were conducted between January 2023 and July 2023. A comprehensive literature search of scientific articles (studies written in English, French, and German) associated with IIA anatomy, indications, surgical steps during IIA ligation, and perioperative complications due to the procedure was performed. A computer-based extensive review of the MEDLINE, PubMed, EMBASE, and SciSearch databases was performed. The following keywords using Medical Subject Headings (Mesh) terms were used: “internal iliac artery”, “hypogastric artery” “internal iliac artery ligation”, “ internal iliac artery embolization”, “surgical steps”, “complications”, “posterior branch”, “indications”, “haemodynamics”, “anastomoses”. References from the investigated articles were scanned for identification of other related studies. Anatomical textbooks and old, fundamental articles with significant contributions to the field of internal iliac artery ligations have also been used in the present narrative review article. Further information from figures, surgical procedures, and cadaveric dissections performed by the authors was incorporated into the text.




3. Internal Iliac Artery Anatomy


3.1. Level of the IIA Origin


The IIA originates from the common iliac artery (CIA) anterior to the sacroiliac joint. Generally, the level of the IIA’s origin is situated at the L5–S1 intervertebral disc [12]. A study involving 150 cadavers identified the bifurcation point of the CIA at the level between L5 and S1 in 82% of cases and at the level of L5 in 15% of cases [13]. Another study, including 60 bisected human cadaveric pelvises, demonstrated that the origin of IIA was at the level of the S1 vertebra in 35 cases (58.3%), at the level of L5–S1 in 24 cases (40%), and in 1 case (1.7%), at the level of L5 [14]. Similarly, in a study involving 50 bisected human cadaveric pelvises, the origin of the IIA was observed at the level of the S1 vertebra in 36 cases (72%), at the level of L5–S1 in 12 cases (24%), and at the level of L5 in 2 specimens (4%) [15]. In the study by Sakthivelavan et al. involving 116 pelvic halves from 58 embalmed cadavers, the origin of the IIA was found at the level of the lumbosacral transition in 94 specimens (81%) and above that level in 22 specimens (19%) [16].




3.2. Level of Termination of IIA Trunks


The IIA runs posteriorly to the superior border of the greater sciatic foramen, where it separates into two divisions—anterior and posterior [17]. Mamatha et al. reported the termination of IIA divisions above the level of the greater sciatic notch in 98% of specimens and below it in 2% [15]. A study by Sakthivelavan et al. showed that the IIA originated at the level of the superior border of the greater sciatic notch in 65.5% of cases, and at various positions between lumbosacral transition and the greater sciatic foramen in 34.5% of cases [16]. Naveen observed the termination of the IIA division above the level of the greater sciatic notch in 100% of specimens [14]. Cases have been reported where the posterior division of IIA is absent, or divisions of IIA arise without dividing into anterior and posterior trunks [8,16].




3.3. Length of IIA


Knowledge of the length of IIA is essential while performing its ligation. According to Gray’s Anatomy, the length of the IIA is approximately 4 cm [1]. The right IIA is frequently longer than the left IIA [13]. Bleich et al. measured the length of the IIA from the CIA bifurcation to the origin of the first posterior division [18]. The authors also measured the length of the IIA together with the cranio-caudal width of the posterior division. Bleich’s measurement has clinical significance, as surgeons can estimate the distance at which the posterior division will be spared. [18]. Generally, the length of the IIA is measured from the CIA bifurcation to the bifurcation into two terminal branches [19,20]. Other authors measured the length of the IIA from its origin to the point of bifurcation of the anterior and posterior divisions [21]. The length of the IIA varies among different populations [21]. Cadaveric studies have reported IIA lengths ranging from 0 to 90 mm (Table 1) [13,14,16,18,19,20,21]. However, except for the study of Bleich et al. [18] (only female cadavers were examined), the majority of studies examined the anatomy of IIA in both sexes [14,16,20,21].




3.4. Variability in the Branching Pattern of the IIA


The anterior and posterior divisions of the IIA typically include the following branches: posterior division (superior gluteal artery, iliolumbar artery, and lateral sacral arteries) and anterior division (umbilical artery, superior vesical artery (it could be two or more originating), obturator artery, uterine artery, vaginal artery, middle rectal artery, internal pudendal artery, inferior gluteal artery) [1,7,11,22]. Some editions of anatomical textbooks suggest that in females, the vaginal artery may replace the inferior vesical artery [1]. The 42nd edition of Gray’s Anatomy stated that in females, the vaginal artery sometimes replaces the inferior vesical artery. The latter can originate in close proximity to the origin of the uterine artery, either as a single vaginal artery or multiple vaginal branches [22]. However, it is worth noting that the presence of the inferior vesical artery in the female population exhibits considerable variability in terms of its origin and prevalence. De Treigny et al. reported finding the inferior vesical artery in 47.4% of the examined female cadavers. The artery had different origins, either as a common trunk with the uterine and umbilical artery (33.3%) or emerging directly from the umbilical artery (33.3%), from the uterine artery (22.2%), or from the obturator artery (11.1%). Consequently, the authors concluded that the presence of the inferior vesical artery should not be considered to be confined to the male population alone [23]. Shafiroff reported a 78% prevalence of the inferior vesical artery among 150 specimens (both males and females). The author observed that the artery has many different origins—the umbilical, testicular, internal pudendal, and vaginal arteries [13]. The presence of inferior vesical arteries was reported in another study, which observed the artery flow velocities by Doppler examination in women receiving hormonal replacement therapy [24]. Ercoli et al. also mentioned the presence of inferior vesical arteries in a cadaveric study, which included 30 female cadavers. Authors observed that the inferior vesical and vaginal arteries are part of the tissue that envelops the vesicovaginal ligament, also known as the deep layer of the vesicouterine ligament [25]. Muallem et al. even used the inferior vesical artery as a landmark for the exact anatomical positions of one of the pelvic splanchnic nerves. Moreover, authors believed that the inferior vesical artery plays a very important role in arterial vascularization of the distal ureter [26]. The presence of the inferior vesical artery was mentioned in another study. Authors divided the IIA into visceral divisions and parietal divisions (the iliolumbar, sacral lateral, superior gluteal, inferior gluteal artery, internal pudendal arteries). The aim of the study was to investigate the variability in the origin of the uterine artery among one hundred women, who underwent laparoscopic surgery for uterine fibroids. Authors reported four different types of IIA origin. The study found that the uterine artery, middle rectal artery, and the inferior vesical artery originated from the internal pudendal artery (type 2b) in 24.3% of the investigated patients [27]. Authors reported that the inferior vesical artery, the middle rectal artery, and the uterine artery arose in a common trunk, which originated from a larger-than-usual internal pudendal artery [27].



It is well established that the IIA exhibits numerous variations in its branching pattern. Therefore, a thorough understanding of the distribution pattern of this artery is essential for safely performing retroperitoneal surgery [12].



Many authors have proposed various concepts for classifying the terminal divisions of the IIA [20,28,29]. Generally, surgeons use the Adachi classifications system, which has been the standard for many years [15,16,19,20]. Adachi defined the branching of the IIA based on its four major parietal divisions: the umbilical, superior gluteal, inferior gluteal, and internal pudendal arteries (see Figure 1, Figure 2 and Figure 3) [12,19].



The Adachi classification system includes the following types:



Type 1: The superior gluteal artery (SGA) originates separately from the IIA, while the inferior gluteal (IGA) and internal pudendal artery (IPA) share a common trunk. Subtypes 1a and 1b depend on whether the bifurcation of the IGA and IPA occur within or below the pelvis, respectively.



Type 2: The IPA originates independently from the IIA, while the SGA and the IGA share a common trunk. Subtypes 2a and 2b represent whether the bifurcation of the SGA and IGA arise within or below the pelvis, respectively.



Type 3: The SGA, IGA, and IPA originate independently from the IIA, with the IPA being the terminal branch.



Type 4: The SGA, IGA, and IPA have a common trunk. Classification in subtypes 4a and 4b depends on whether the SGA or IPA is the initial vessel emerging from the common trunk. For instance, in 4a, the SGA is the initial vessel coming from the common trunk before bifurcating into the other two divisions—the SGA and IGA. In type 4b, the IPA is the first to come from the common trunk, which then splits into the SGA and IGA.



Type 5: The IGA originates independently from the IIA, while the SGA and IGA share a common trunk [19].



Surgeons should also be familiar with the anatomy of the internal iliac vein (IIV), which follows a similar course to its arterial counterpart, ascending posteromedially to the IIA. The IIV drains into the ipsilateral external iliac vein [1].



For visual reference, the anatomy of the IIA and some anatomical differences are illustrated in Figure 1, Figure 2 and Figure 3. The iliolumbar artery and middle rectal artery are not shown in the figures.





4. Indications for IIA Ligation


The indications for IIA ligation can be prophylactic or therapeutic in both gynecological and obstetrical situations [5,30,31,32]. The need for IIA ligation arises from increased intrabdominal bleeding recognized before, during, or after surgery. “Increased intra-abdominal bleeding” is defined according to Watrowski et al. as “any bleeding which could not be sufficiently managed with conventional hemostatic maneuvers (sutures, clips etc.), resulting in measured or expected blood loss of more than 1 L, or any intra-abdominal bleeding leading to cardiovascular instability, or requiring transfusion of blood products” [33]. The prerequisites for IIA ligation is that the source of bleeding lies or is suspected in the blood flow area of the IIA, and there is not enough time for conventional surgical maneuvers or hemostatic agents. Typical indications for IIA ligation are listed below [5,6,7,11,30,31,32,34]:



Obstetrical indications (including early pregnancy):




	
Ruptured ectopic non-tubal pregnancy (cervical, interstitial, or in the peritoneum in the rectouterine pouch);



	
Severe cervical or uterine injury during surgical abortion;



	
Uterine rupture before or during delivery;



	
Severe obstetrical lacerations (with or without instrumental delivery) extending to the uterine cervix or parametrium;



	
Placenta previa;



	
Placental abruption;



	
Placenta accreta spectrum;



	
Postpartal retroperitoneal hematoma.








Gynecological indications:




	
Uncontrollable hemorrhage from advanced uterine, vaginal, or vulvar cancer;



	
Prophylactic ligation during oncogynecological procedures with expected profuse bleeding (e.g., pelvic exenteration);



	
Pelvic hemorrhage or massive retroperitoneal hematoma due to iatrogenic (e.g., trocar insertion) or traumatic (gunshot or fracture) injury;



	
Massive pelvic hemorrhage or retroperitoneal pelvic hematoma due to primary or secondary coagulation disorders (e.g., with no visible bleeding);



	
Actual or possible hemorrhage in patients who refuse blood transfusion (e.g., Jehovah’s Witnesses).









5. Why Is Internal Iliac Artery Ligation Still a Viable Option?


Selective arterial embolization (SAE) or temporary balloon occlusion (TBO) represent less invasive alternatives for hemorrhage control [6,8,9]. These procedures can be performed prophylactically and are the primary methods in facilities where they are available [8,9]. However, their utility in cases of unexpected extensive bleeding is limited [7]. Additionally, SAE and TBO come with several limitations [6,10,35]:




	
Specialized equipment and expertise are prerequisites.



	
They are less effective in traumatic patients or instances of unforeseen bleeding.



	
Patients must be hemodynamically stable without coagulation disorders.



	
The procedures typically require at least one hour.



	
Access to the radiology department may necessitate relocating to another building.



	
SAE or TBO procedures are infrequently performed in low- or middle-income countries.



	
SAE has specific contraindications, including uterine rupture and eversion (which should be managed surgically), arterial anomalies, coagulopathy, impaired renal function, and contrast material allergies.








A study comparing complication rates between IIA ligation and embolization in vascular surgery, oncology, and trauma patients revealed that embolization was associated with an increased risk of complications compared to IIA ligation (16.7% vs. 4.1%). The authors concluded that IIA interruption (through embolization or ligation) is safe for young patients in obstetrics and gynecology. However, they emphasized a preference for IIA ligation [2]. Consequently, surgical ligation of the IIA remains a part of the majority of guidelines for managing gynecological and obstetric hemorrhage [35,36].




6. Surgical Technique of IIA Ligation


Ligations of the IIA can be performed through an open surgery or minimally invasive approach, and either transperitoneally or extraperitoneally [3,7,10,11]. In this article, we describe the transperitoneal approach.



Step 1. Approach to the abdomen (laparotomy or laparoscopy)



In cases requiring elective IIA ligation, access to the abdominal cavity is created. Depending on clinical scenarios and surgeon expertise, a midline or transverse laparotomy or laparoscopy is performed. Midline laparotomy is preferred for planned oncological resections, emergencies with hemorrhage of unknown origin, or surgeries involving the upper abdomen. The IIA itself does not require a conversion from laparoscopy to laparotomy. Surgeons experienced in minimally invasive surgery can successfully perform laparoscopic IIA ligation [37,38,39,40].



Step 2. Identification of the common iliac artery bifurcation



Transperitoneal visualization of the CIA bifurcation is essential. In patients with a high body mass index, the following maneuvers can be considered [11]:




	-

	
As mentioned earlier, the origin of the IIA is typically found at the level of the promontory.




	-

	
Visualize an imaginary bony line that passes through both anterior superior iliac spines.









Step 3. Incision of the parietal peritoneum



When the uterus is present, a horizontal incision should be made starting from the round ligament of the uterus and extending cranially to the level of the CIA. The incision is between the ovarian vessels and the psoas major muscle. The uterus should be retracted opposite to the peritoneal incision. If the uterus has been removed, the incision can start from the external iliac artery up to the CIA bifurcation. Alternatively, an incision slightly lateral to the CIA, extending caudally, can be made to locate the origin of the IIA and external iliac artery [11]. In thin patients with transperitoneally visible ureters, the incision may start laterally and run parallel to the ureter, which remains in the medial fold of the peritoneal incision [31].



Step 4. Identification of the ureter



This step is crucial. The ureter should always be identified and retracted medially from the iliac vessels. The relationship of the ureter to the IIA is shown in Table 2 [1,11].



As shown in Table 2 the anatomical relationships between the left and right IIA exhibit subtle differences that have not been commonly discussed in the context of bilateral IIA ligation procedures. These differences arise from the distinct positions of the ureter relative to the CIA bifurcation. According to Luschka’s law, the left ureter typically crosses the iliac artery approximately 1.5 cm below the CIA bifurcation, whereas the right ureter crosses the iliac artery about 1.5 cm above the bifurcation [10,41,42]. Consequently, the ureter enters the pelvis by crossing the CIA on the left side and the external iliac artery on the right side. During dissection for bilateral IIA ligation, surgeons must be aware of this variation to prevent inadvertent injury to the ureter. It may be prudent to place a sling or vessel loop around the identified ureter for added safety. Moreover, surgeons should also be acquainted with potential ureteric variations, such as double ureter, bifid ureter, or ureteral diverticula [11,41,42].



Step 5. Identification of the IIA



After dissection of the areolar connective tissue, the bifurcation of the CIA becomes visible. The dissection should progress in a cranio-caudal direction, closely tracking the course of the CIA to prevent injury to underlying veins. The external iliac artery and IIA should become visible, forming a “ tripod” structure, with the ureter located medially and the external iliac arteries positioned laterally. The structure in the middle should be the IIA. To enhance certainty just before ligation, palpation of the bounding pulse over the arteries is recommended. The IIA typically follows an inferior and medial course, whereas the external iliac artery has a horizontal (slightly superior just before entering the femoral ring) and a lateral course. Additionally, once the psoas major muscle is identified, the external iliac artery can be found over and slightly medial to the muscle [3,7,10,11].



Step 6. Lateral pararectal space development



The boundaries of the lateral pararectal space (Latzko’s space) are, medially, the ureter, laterally the IIA, ventrally the transverse cervical ligament (cardinal ligament of the uterus), dorsally the pelvic surface of the sacrum, caudally the levator ani muscle, and cranially the parietal peritoneum [43]. By dissection of this space, the ureter is additionally retracted medially. In addition, it offers sufficient space for the procedure.



Step 7. Dissection between the IIA and the underlying ipsilateral vein



This step is the most critical part of the procedure since the artery often firmly adheres to the underlying vein. The dissection between the artery and the vein must be meticulous. The internal iliac vein is located below and slightly medial to the IIA. Clearing the adventitia of the artery may help to identify the correct dissection plane [11,44,45,46,47,48]. The artery can be gently elevated without injuring the vein. It is advisable to use blunt right-angled forceps (like Lahey, Mixter forceps or aneurysm needle) and separate the vessels by meticulous dissection using blunt-tip scissors. Opening the instrument tips between the vein and artery in an uncontrolled manner should be avoided [11,31,45]. Fortunately, anatomical variations in the IIA 2–3 cm from its origin are not common. However, surgeons should be aware of internal iliac veins’ variations, which, although not frequent, can include double veins, anastomoses between the external and internal iliac veins, or the absence of the internal iliac vein, replaced by numerous anomalous veins) [12].



Step 8. Ligation of the anterior division of the IIA



The instrument should be passed beneath the artery, approximately 3 cm below the bifurcation, from lateral to medial in order to ensure the ligation of only the anterior division and to avoid iatrogenic injury to the external iliac vessels. Identifying the posterior division of the IIA is unnecessary and could even be dangerous, potentially leading to injury of the underlying veins [46,47,48]. The tips of the instrument should be directed slightly toward the IIA and not toward the underlying vein [3,11,13,31,45,46]. It is important that the tips of the forceps point toward the inferior border of the IIA because there is less risk of IIA injury (the artery has stronger walls than the vein). After identifying the instrument’s tips beneath the IIA, a doubled No. 0 or 1.0 absorbable suture is grasped and pulled backward in the same direction [42]. The tips of the instrument should not point to the internal iliac vein when removing the forceps between the artery and vein. The ureter, external iliac vessels, and the IIA should be re-checked just before the suture [46]. The ligatures should be tied firmly in order to avoid transection of the artery [3,11,13,31]. Immediately after suturing the artery, the pulsation of the ipsilateral femoral artery within the inguinal region should be confirmed [47]. It is not necessary to divide the vessel between two ligatures, as doing so could be dangerous and may lead to iatrogenic injury to the underlying vein [5,48]. The procedure may be more challenging on the left side due to the common adhesions of the sigmoid colon or mesocolon to the pelvic sidewall. In such cases, the colon should be dissected at the white line of Toldt [11].



Surgical steps are depicted in Figure 4 and Figure 5.




7. Perioperative Complications


Knowledge of surgical anatomy, differentiated usage of surgical and hemostatic tools, and adherence to basic safety principles are precautions for reducing complications’ incidence and severity. Adverse events following IIA ligation can occur immediately or in the postoperative period.



Intraoperative complications may include injury to the iliac vessels, ligation of the external or CIA, or damage to the ureter [3,11,45,46]. Surgeons should be familiar with the nerve compartment (the obturator nerve, truncus lumbosacralis, S1–S5 anterior rami of the sacral spinal nerves and the sciatic nerve) of the pelvic sidewall. In rare cases, the obturator nerve, truncus lumbosacralis, or the sciatic nerve may be injured or mistaken for the IIA. The truncus lumbosacralis is located below the vascular compartment (contains the internal iliac vessels and its posterior branches) in the pelvic sidewall, and its identification means that the surgeon performed an unnecessary caudal dissection [11].



Postoperative complications primarily result from reduced blood flow and subsequent necrosis of the buttocks, gluteus maximus muscle, and pelvic visceral organs. Moreover, hip claudication, urinary bladder atony, lumbosacral plexopathies, and impotence may also be observed [10,11,49]. Therefore, it is crucial that ligation of the IIA should be performed distal to its posterior division (SGA) [10,11,45,46,47,48,49]. Fortunately, these complications are rare due to the extensive collateral circulation in the pelvis after ligation [10,11,48,49].



Andriole and Sugarbaker reported vesical and perineal necrosis after IIA ligation in a patient operated on for recurrent rectal cancer, with a previous history of radiotherapy [50]. Bangal et al. reported ischemic necrosis of the buttock in 1 patient out of 54 women who underwent ligation of the artery due to obstetrics and gynecology complications [51]. Ischemic complications have been also observed after IIA embolization. Gezer and Çakır reported lumbosacral neuropathy and buttock necrosis after IIA embolization in a patient with vaginal bleeding due to locally advanced cervical cancer [52]. Although these complications are rare, they are predominantly observed in older patients with aorto-iliac occlusive disease, a history of previous radiotherapy, insulin-dependent diabetes, end-stage renal disease, or after rectal cancer surgery (during rectal resection, the collaterals from the superior rectal artery are absent) [10,53,54,55,56]. From these studies, it can be concluded that ischemic complications are mostly observed in patients with interrupted vascular flow and pre-existing vascular risk factors [10,53,54,55,56]. It is imperative to mention that ischemic complications are more commonly observed in patients who underwent embolization of the IIA [57,58].



However, Shin et al. reported a case of peripheral nerve ischemia after IIA ligation in an 18-year-old woman at 40 weeks of gestation with preeclampsia. The ligation was performed due to uterus atony and severe postpartal hemorrhage. Authors concluded that risk factors such as preeclampsia and postoperative endometritis could predispose the patient to ischemic complications [56]. The ischemia to the femoral nerve and the sciatic nerve routes could occur in cases of infarction of the terminal branches of the SGA after IIA ligation [56]. Spinal cord ischemia after interruption of the blood flow to the IIA has also been described [53].




8. Hemodynamics after IIA Ligation


The primary hemodynamic effect following bilateral IIA ligation is the nearly complete elimination of blood pressure in small arteries distal to the ligation, effectively transforming the arterial system into a venous one. As a result, a hemostatic mechanism develops, leading to the formation and retention of clots [44,59,60,61]. The pulse pressure and arterial blood pressure distal to the ligation decrease by 85% (with bilateral IIA ligation) and 25% (bilateral IIA ligation), respectively [59,60,61]. Therefore, bilateral IIA ligation is more effective than unilateral ligation [11]. Unilateral ligation has limited indications such as unilateral retroperitoneal hematoma or unilateral bleeding from the pelvic sidewall [48].




9. Anastomoses in the Pelvis and Their Relation to IIA Ligation


Anastomoses among the IIA divisions can be categorized into horizontal and vertical types. Horizontal anastomoses are not related to IIA ligation since they occur between the divisions of the left and right IIA. These anastomoses remain intact in cases of unilateral IIA ligation but are eliminated in bilateral ligation. They are between the contralateral branches of the IIA—obturator arteries, inferior/middle rectal arteries, superior/inferior vesical arteries, and lateral sacral arteries [5,6,11,13,49,62]. The contralateral anastomosis between the uterine arteries could be subdivided into three types regarding arterial branch location to the uterine wall—subperitoneal, submucous, and parenchymatous [63,64]. Most horizontal anastomoses between both uterine arteries are microscopic. However, there are also microscopic transverse (horizontal) arterial anastomoses known as Huguier’s circles, which are located near the uterine isthmus [63,64]. The superior vesical artery and the inferior vesical artery anastomose at the level of the ureterovesical junction. The inferior vesical artery supplies the lower wall of the retrovesical ureter at the level of the ureterovesical junction [65]. Surgeons believe that this anastomosis prevents the formation of ureterovaginal fistulas during radical hysterectomy, where the ureter should be entirely mobilized to the level of the urinary bladder [26,65].



Vertical anastomoses, on the other hand, play a significant role in bilateral IIA ligation and can be further divided into three groups [49,50].



The first group is relevant when the uterus is preserved. These anastomoses occur between divisions of the uterine artery and the inferior epigastric artery (at the level of the round ligament of the uterus) or between the uterine artery and the ovarian arteries (at the level of mesosalpinx and mesovarium) [11,63]. The anastomoses between the terminal branches of the ovarian artery and the branches of the uterine artery form a vertical arterial arcade, which is known as utero-ovarian anastomoses. However, the anastomoses are not constant, as studies reported an incidence in from 11 to 51% of cases [64,66,67].



The second group is the most important and plays a crucial role after ligation. It includes anastomoses between the lateral sacral arteries and the median sacral artery, the fourth lumbar artery and the iliolumbar artery, and the middle rectal artery and the superior rectal artery 9 [5,6,11,13]. Burchell and Olson performed pelvic aortograms in 22 patients, of which 19 underwent previous IIA ligation (16 patients had bilateral and 3 unilateral internal iliac artery ligation). The three women without IIA ligation were a control group. Authors found that the anastomoses between the middle rectal artery and the superior rectal artery became active only after IIA ligation above the posterior division [59]. However, the anastomoses between the lateral sacral arteries/median sacral artery and the fourth lumbar artery/iliolumbar artery were active after IIA ligation below the posterior division [59]. The Burchell studies showed that these two anastomoses are the first and main anastomoses after IIA ligation [59,61]. These studies had a fundamental impact, as it was wrongly believed that the main collateral blood supply in the pelvis after IIA ligation arose from the branches of external iliac artery and superior/inferior gluteal arteries [59,60,61]. The second group of anastomoses are shown in Figure 6.



The third group comprises anastomoses between most divisions of the large vessels in the pelvis, including the IIA, external iliac, femoral arteries, and divisions of the abdominal aorta (fourth lumbar artery). There is some debate among authors regarding the significance of the divisions from the external iliac artery in IIA ligation, with some suggesting they have no role, while others argue the opposite [5,6,62]. However, it is essential not to overlook anastomoses originating from the external iliac or femoral arteries after IIA ligation. For instance, corona mortis represents a direct vascular communication between the obturator vessels and the external iliac vessels and their divisions (as illustrated in Figure 7) [68]. Additionally, aberrant and accessory obturator vessels could also contribute to the third group of anastomoses. The aberrant obturator vessels can have a caliber higher than 3 mm, and they could represent an additional collateral network [69]. This communication may potentially play a role in preventing postoperative ischemic complications if the IIA is ligated above the posterior division. Moreover, studies show fewer postoperative ischemic complications when the IIA is ligated at its origin [2]. Furthermore, some third-group anastomoses have been observed in cases of aorto-iliac occlusive disease [62]. The inferior rectal artery (branch of the IPA) anastomoses with the ipsilateral and contralateral superior rectal and middle rectal arteries [61]. The IPA also anastomoses with the SGA [17,70]. The terminal branches of the deep circumflex iliac artery anastomose with the terminal branch of the superior gluteal and fourth lumbar arteries, providing a systemic–systemic collateral circulation [62]. The branches of the deep circumflex iliac artery also anastomose with the iliac branch of the iliolumbar artery [1,62]. The medial circumflex femoral artery has two branches—superficial and deep. The latter passes through the pectineus and iliopsoas muscles and reaches the posterior compartment of the thigh, where it anastomoses with the branches of the inferior gluteal and obturator arteries [1,11,17,62]. The lateral circumflex femoral artery has ascending and descending branches. The ascending branch reaches the gluteus medius muscle, where it anastomoses with the branch of the inferior gluteal artery [1,11,17,62]. Braithwaite found that the inferior epigastric artery and the superior vesical artery anastomosed either in the subperitoneal tissue near the urinary bladder or in the wall of the urinary bladder [71]. Shehata investigated the arterial supply of the urinary bladder among 44 infant cadavers and 22 adult cadavers (33 males and 33 females). The author found that the superior vesical artery anastomosed with the inferior epigastric artery only at the extraperitoneal tissue near the urinary bladder. Anastomoses in the wall of the urinary bladder were only observed when the superior vesical artery originated from an aberrant obturator artery [72]. The horizontal and vertical anastomoses of the IIA are shown in Figure 8.




10. Fertility and Pregnancy Outcomes following IIA Ligation


IIA ligation appears to be a safe procedure that does not impair subsequent fertility and pregnancy outcomes even in combination with other fertility procedures of the uterus (Bakri balloon and B-Lynch suture [73,74,75,76]. Nizard et al. [10] reported a series of pregnancies following IIA ligation, with normal pregnancy outcomes and no observed infertility among their population. Similarly, Domingo et al. found that bilateral internal iliac artery occlusion (ligation or embolization) effectively controlled postpartal hemorrhage and did not impact fertility, although the absence of uterine revascularization could be a potential concern for future reproduction [77]. Additionally, Papp et al. presented a case of an uneventful pregnancy course with normal fetal and uterine Doppler values in a woman who underwent an IIA ligation two years prior due to severe bleeding after surgical abortion [34]. These findings collectively suggest that IIA ligation, when performed for severe hemorrhage, may have few long-term effects on ovarian function and subsequent fertility.




11. Recommendations


1. The procedure should be performed by an experienced gynecologist or oncogynecologist with enhanced knowledge of the anatomy of the pelvis.



2. In some obstetric cases with severe bleeding and hypovolemic shock, the procedure should be completed in less than 10 min.



3. Surgeons should precisely follow the surgical steps.



4. IIA ligation should be performed distal to the origin of the posterior division of the IIA, especially in patients with interrupted blood flow (atherosclerosis, hypertension, diabetes).



5. Bilateral ligation of the IIA is more effective than unilateral. The latter has limited indications (unilateral hematoma).



6. Surgeons should be familiar with perioperative complications and their management.



7. IIA ligation may often be the sole option enabling the preservation of the uterus, a crucial consideration for women with future pregnancy aspirations.




12. Conclusions


IIA ligation is a critical and lifesaving procedure, particularly in cases of severe unexpected hemorrhage in obstetrics and gynecology. The success of this procedure greatly relies on the expertise and skill of the surgeon. Although perioperative complications are rare, some of them (peripheral nerve and buttock ischemia) are associated with long-term recovery risks and negative impacts on the quality of life. The procedure still has applications, especially in developing countries. IIA ligation should be integrated into obstetrics and gynecology training programs.







Author Contributions


Conceptualization: S.K. and R.W.; methodology: S.K., A.Y., R.W. and Y.I.; formal analysis: Y.K., S.S., Y.I. and S.K.; investigation: S.K., R.W. and Y.I.; resources: Y.I. and S.K.; data curation: S.S. and Y.I.; writing—original and draft preparation: S.K.; writing—review and editing: S.S., Y.I. and Y.K.; visualization: R.W. and Y.K.; supervision: A.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The authors hereby declare that Ethics Committee approval is not applicable due to the review nature of the study. The cadaveric dissections were performed at the Department of Anatomy at the Medical University—Varna.




Informed Consent Statement


Not applicable.




Data Availability Statement


The authors declare that all related data are available concerning research by the corresponding author’s email.




Acknowledgments


The authors sincerely thank those who donated their bodies to science so that anatomical research could be performed. Findings from such research can potentially increase humankind’s overall knowledge, which can then improve patient care. Therefore, these donors and their families deserve our highest gratitude.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Gray, H.; Standring, S.; Hrold Ellis, H.; Berkovitz, B. Gray’s Anatomy: The Anatomical Basis of Clinical Practice, 39th ed.; Elsevier Churchill Livingstone Edinburgh: New York, NY, USA, 2005. [Google Scholar]

	



Chitragari, G.; Schlosser, F.J.; Ochoa Chaar, C.I.; Sumpio, B.E. Consequences of hypogastric artery ligation, embolization, or coverage. J. Vasc. Surg. 2015, 62, 1340–1347.e1. [Google Scholar] [CrossRef] [PubMed]

	



Sanders, A.P.; Hobson, S.R.; Kobylianskii, A.; Smith, J.P.; Allen, L.; Windrim, R.; Kingdom, J.; Murji, A. Internal iliac artery ligation-a contemporary simplified approach. Am. J. Obstet. Gynecol. 2021, 225, 339–340. [Google Scholar] [CrossRef] [PubMed]

	



Kelly, H. Ligation of both internal iliac arteries for hemorrhage in hysterectomy for carcinoma uteri. Bull. John Hopkins Hosp. 1894, 5, 53. [Google Scholar]

	



Nieto-Calvache, A.J.; Palacios-Jaraquemada, J.M.; Aryananda, R.A.; Basanta, N.; Burgos-Luna, J.M.; Rodriguez, F.; Ordoñez, C.; Sarria-Ortiz, D.; Muñoz-Córdoba, L.; Quintero, J.C.; et al. Ligation or Occlusionof the Internal Iliac Arteries for the Treatment of Placenta Accreta Spectrum: Why IsThis Technique Still Performed? Maternal Fetal. Med. 2023, 5, 131–136. [Google Scholar] [CrossRef]

	



Sziller, I.; Hupuczi, P.; Papp, Z. Hypogastric artery ligation for severe hemorrhage in obstetric patients. J. Perinat. Med. 2007, 35, 187–192. [Google Scholar] [CrossRef]

	



Papp, Z.; Tóth-Pál, E.; Papp, C.; Sziller, I.; Gávai, M.; Silhavy, M.; Hupuczi, P. Hypogastric artery ligation for intractable pelvic hemorrhage. Int. J. Gynaecol. Obstet. 2006, 92, 27–31. [Google Scholar] [CrossRef]

	



Field, K.; Ryan, M.J.; A Saadeh, F.; Kamran, W.; Brennan, V.; Gillham, C.; Gleeson, N. Selective arterial embolisation for intractable vaginal haemorrhage in genital tract malignancies. Eur. J. Gynaecol. Oncol. 2016, 37, 736–740. [Google Scholar]

	



Takeda, J.; Makino, S. Temporary Arterial Balloon Occlusion for Obstetrical Field. In Gynecologic and Obstetric Prophylactic Hemostasis by Intra-arterial Balloon Occlusion; Takeda, S., Kuwatsuru, R., Eds.; Springer: Singapore, 2018; pp. 33–39. [Google Scholar]

	



Nizard, J.; Barrinque, L.; Frydman, R.; Fernandez, H. Fertility and pregnancy outcomes following hypogastric artery ligation for severe post-partum haemorrhage. Hum. Reprod. 2003, 18, 844–848. [Google Scholar] [CrossRef]

	



B-Lynch, C.; Keith, L.G.; Campbell, W.B. Internal iliac (hypogastric) artery ligation. In A Textbook of Postpartum Hemorrhage A Comprehensive Guide to Evaluation, Management and Surgical Intervention, 1st ed.; B-Lynch, C., Keith, L.G., Lalonde, A.B., Karosmi, M., Eds.; Sapiens Publishing: London, UK, 2006; pp. 299–307. [Google Scholar]

	



Tubbs, R.S.; Shoja, M.M.; Loukas, M. Bergman’s Comprehensive Encyclopedia of Human Anatomic Variation; John Wiley & Sons: Hoboken, NJ, USA, 2016; pp. 669–673, 884–889. [Google Scholar]

	



Shafiroff, B.G.P.; Grillo, E.B.; Baron, H. Bilateral ligation of the hypogastric arteries. Am. J. Surg. 1959, 98, 34–40. [Google Scholar] [CrossRef]

	



Naveen, N.S. Morphological Analysis of the Human Internal Iliac Artery in South Indian Population. Online J. Health Allied. Sci. 2011, 10, 1–4. [Google Scholar]

	



Mamatha, H.; Hemalatha, B.; Vinodini, P.; Souza, A.S.; Suhani, S. Anatomical Study on the Variations in the Branching Pattern of Internal Iliac Artery. Indian J. Surg. 2015, 77 (Suppl. S2), 248–252. [Google Scholar] [CrossRef] [PubMed]

	



Sakthivelavan, S.; Aristotle, S.; Sivanandan, A.; Sendiladibban, S.; Felicia Jebakani, C. Variability in the branching pattern of the internal iliac artery in Indian population and its clinical importance. Anat. Res. Int. 2014, 2014, 597103. [Google Scholar] [CrossRef] [PubMed]

	



Selçuk, İ.; Yassa, M.; Tatar, İ.; Huri, E. Anatomic structure of the internal iliac artery and its educative dissection for peripartum and pelvic hemorrhage. Turk. J. Obstet. Gynecol. 2018, 15, 126–129. [Google Scholar] [CrossRef] [PubMed]

	



Bleich, A.T.; Rahn, D.D.; Wieslander, C.K.; Wai, C.Y.; Roshanravan, S.M.; Corton, M.M. Posterior division of the internal iliac artery: Anatomic variations and clinical applications. Am. J. Obstet. Gynecol. 2007, 197, 658.e1–658.e5. [Google Scholar] [CrossRef] [PubMed]

	



Adachi, B. Das arteriensystem der Japaner. Band 1928, 9, 1926–1927. [Google Scholar]

	



Fătu, C.; Puişoru, M.; Fătu, I.C. Morphometry of the internal iliac artery in different ethnic groups. Ann. Anat. 2006, 188, 541–546. [Google Scholar] [CrossRef] [PubMed]

	



Yuvaraj, M.F.; Balaji, T.; Rajila, R.H.S.; Vaithianathan, G.; Aruna, S.; Balaji, K. Study on Variations in the Origin and Branching Pattern of Internal Iliac Artery in Cadavers. Biomed Pharmacol. J. 2018, 11, 2201–2207. [Google Scholar]

	



Standring, S. Gray’s Anatomy, 42nd ed.; The Anatomical Basis of Clinical Practice; Elsevier: Amsterdam, The Netherlands, 2020; Chapter 71; pp. 1248–1249. [Google Scholar]

	



de Treigny, O.M.; Roumiguie, M.; Deudon, R.; de Bonnecaze, G.; Carfagna, L.; Chaynes, P.; Rimailho, J.; Chantalat, E. Anatomical study of the inferior vesical artery: Is it specific to the male sex? Surg. Radiol. Anat. 2017, 39, 961–965. [Google Scholar] [CrossRef]

	



Bekavac, I.; Kupesic, S.; Mihaljevic, D.; Kurjak, A. Vascular impedance of uterine, inferior vesicle, and ophthalmic arteries in postmenopausal women receiving hormonal replacement therapy: Comparative Doppler study. Croat Med. J. 2000, 41, 235–239. [Google Scholar]

	



Ercoli, A.; Delmas, V.; Fanfani, F.; Gadonneix, P.; Ceccaroni, M.; Fagotti, A.; Mancuso, S.; Scambia, G. Terminologia Anatomica versus unofficial descriptions and nomenclature of the fasciae and ligaments of the female pelvis: A dissection-based comparative study. Am. J. Obstet. Gynecol. 2005, 193, 1565–1573. [Google Scholar] [CrossRef]

	



Muallem, M.Z.; Armbrust, R.; Neymeyer, J.; Miranda, A.; Muallem, J. Nerve Sparing Radical Hysterectomy: Short-Term Oncologic, Surgical, and Functional Outcomes. Cancers 2020, 12, 483. [Google Scholar] [CrossRef] [PubMed]

	



Holub, Z.; Lukac, J.; Kliment, L.; Urbanek, S. Variability of the origin of the uterine artery: Laparoscopic surgical observation. J. Obstet. Gynaecol. Res. 2005, 31, 158–163. [Google Scholar] [CrossRef] [PubMed]

	



Khan, R.; Naidoo, N.; Lazarus, L. Unique vascular patterns of the internal iliac artery and its clinical import in pelvic surgery. Transl. Res. Anat. 2021, 25, 100151. [Google Scholar] [CrossRef]

	



Mohammadbaigi, H.; Darvishi, M.; Moayeri, A. Variations of anterior and posterior division of internal iliac artery: A systematic review and clinical implications. Biomed Res. Ther. 2019, 6, 3189–3206. [Google Scholar] [CrossRef]

	



Siedhoff, M.T.; Gubernick, L.; Ronen, I.; Wright, K.N. Internal Iliac Artery Ligation in Laparoscopic Myomectomy. J. Minim. Invasive Gynecol. 2019, 26 (Suppl. S7), S1. [Google Scholar] [CrossRef]

	



Singh, A.; Kishore, R.; Saxena, S.S. Ligating Internal Iliac Artery: Success beyond Hesitation. J. Obstet. Gynaecol. India 2016, 66 (Suppl. S1), 235–241. [Google Scholar] [CrossRef]

	



Darawade, S.P.; Wagle, A.A.; Trivedi, S.; Manwani, S. Bilateral internal iliac artery ligation: The procedure of choice in life threatening postpartum haemorrhage. Int. J. Reprod Contracept. Obstet. Gynecol. 2020, 9, 3607–3611. [Google Scholar] [CrossRef]

	



Watrowski, R.; Jäger, C.; Forster, J. Improvement of Perioperative Outcomes in Major Gynecological and Gynecologic-Oncological Surgery with Hemostatic Gelatin-Thrombin Matrix. In Vivo 2017, 31, 251–258. [Google Scholar] [CrossRef]

	



Papp, Z.; Sztanyik, L.; Szabó, I.; Inovay, J. Successful pregnancy after bilateral internal iliac artery ligation monitored by color Doppler imaging. Ultrasound Obstet Gynecol. 1996, 7, 211–212. [Google Scholar] [CrossRef]

	



Rand, T.; Patel, R.; Magerle, W.; Uberoi, R. CIRSE standards of practice on gynaecological and obstetric haemorrhage. CVIR Endovasc. 2020, 3, 85. [Google Scholar] [CrossRef]

	



Escobar, M.F.; Nassar, A.H.; Theron, G.; Barnea, E.R.; Nicholson, W.; Ramasauskaite, D.; Lloyd, I.; Chandraharan, E.; Miller, S.; Burke, T.; et al. FIGO recommendations on the management of postpartum hemorrhage 2022. Int. J. Gynecol. Obstet. 2022, 157 (Suppl. S1), 3–50. [Google Scholar] [CrossRef] [PubMed]

	



Bakay, K.; Yavuzcan, A.; Kalkan, Ü.; Yalcin, I.; Hatırnaz, S.; Başbuğ, A.; Güven, D. Hypogastric artery ligation in laparoscopic hysterectomy: Results from a randomized controlled trial. Clin. Exp. Obstet. Gynecol. 2021, 48, 1304–1310. [Google Scholar] [CrossRef]

	



Kuriya, A.; Scattolon, S.; Leyland, N. The Use of Laparoscopic Internal Iliac Artery Ligation in Morbidly Adherent Placenta. J. Minim. Invasive Gynecol. 2017, 24, S123. [Google Scholar] [CrossRef]

	



Xu, W.; Wang, M.; Li, J.; Lin, X.; Wu, W.; Yang, J. Laparoscopic combined hysteroscopic management of cesarean scar pregnancy with temporary occlusion of bilateral internal iliac arteries: A retrospective cohort study. Medicine 2019, 98, e17161. [Google Scholar] [CrossRef] [PubMed]

	



Balulescu, L.; Nistor, S.; Lungeanu, D.; Brasoveanu, S.; Pirtea, M.; Secosan, C.; Grigoras, D.; Caprariu, R.; Pasquini, A.; Pirtea, L. Minimizing blood loss in laparoscopic myomectomy with temporary occlusion of the hypogastric artery. Front. Med. 2023, 10, 1216455. [Google Scholar] [CrossRef] [PubMed]

	



Multescu, R.; Geiorgescu, D.; Geavlete, P.A.; Geavlete, B. Notions of Histology, Anatomy, and Physiolohy of the Upper Urinary Tract. In Geavlete PA eddits Retrograde Ureteroscopy: Handbook of Endourology; Academic Press: Cambridge, MA, USA, 2016; pp. 7–19. [Google Scholar]

	



Wedel, T. Topographical Anatomy for Hysterectomy Procedures. In Ibrahim Alkatout Liselotte Mettler. Hysterectomy A Comprehensive Surgical Approach; Springer: Cham, Switzerland, 2018; pp. 37–60. [Google Scholar]

	



Kostov, S.; Slavchev, S.; Dzhenkov, D.; Mitev, D.; Yordanov, A. Avascular Spaces of the Female Pelvis-Clinical Applications in Obstetrics and Gynecology. J. Clin. Med. 2020, 9, 1460. [Google Scholar] [CrossRef]

	



Nabhan, A.E.; AbdelQadir, Y.H.; Abdelghafar, Y.A.; Kashbour, M.O.; Salem, N.; Abdelkhalek, A.N.; Nourelden, A.Z.; Eshag, M.M.E.; Shah, J. Therapeutic effect of Internal iliac artery ligation and uterine artery ligation techniques for bleeding control in placenta accreta spectrum patients: A meta-analysis of 795 patients. Front. Surg. 2022, 9, 983297. [Google Scholar] [CrossRef]

	



Raba, G. Small invasive technique of Internal Iliac Artery ligation for postpartum haemorrhage. Ginekol. Pol. 2020, 91, 29–31. [Google Scholar] [CrossRef]

	



Selçuk, İ.; Uzuner, B.; Boduç, E.; Baykuş, Y.; Akar, B.; Güngör, T. Step-by-step ligation of the internal iliac artery. J. Turk. Ger. Gynecol. Assoc. 2019, 20, 123–128. [Google Scholar] [CrossRef]

	



Choi, K.; Keum, M.A.; Choi, B.; Noh, M.; Choi, S.; Kyoung, K.-H.; Kim, S.; Hong, E.S.; Kim, J.T. Effectiveness and safety of bilateral internal iliac artery ligation with pre-peritoneal pelvic packing for life-threatening pelvic trauma. Injury 2023, 54, 598–603. [Google Scholar] [CrossRef]

	



Padumadasa, S. Internal iliac artery ligation—Time to revive a dying art. Sri Lanka J. Obstet. Gynaecol. 2020, 42, 42–52. [Google Scholar] [CrossRef]

	



Sadahiro, S.; Ishida, H.; Suzuki, T.; Ishikawa, K.; Tajima, T.; Makuuchi, H. Vesicular blood flow after ligation of the internal iliac arteries in low anterior resection or abdominoperineal resection. Dis. Colon Rectum. 1999, 42, 1475–1479. [Google Scholar] [CrossRef] [PubMed]

	



Andriole, G.L.; Sugarbaker, P.H. Perineal and bladder necrosis following bilateral internal iliac artery ligation. Report of a case. Dis. Colon Rectum. 1985, 28, 183–184. [Google Scholar] [CrossRef] [PubMed]

	



Bangal, V.; Kwatra, A.; Raghav, S. Role of internal iliac artery ligation in control of pelvic hemorrhage. Pravara Med. Rev. 2009, 1, 23–25. [Google Scholar]

	



Gezer, Ş.; Çakır, Ö. Lumbosacral neuropathy and buttock necrosis after internal iliac arterial embolization in abundant bleeding cervical carcinoma. Eur. J. Gynaecol. Oncol. 2019, 40, 867–869. [Google Scholar]

	



Picone, A.L.; Green, R.M.; Ricotta, J.R.; May, A.G.; DeWeese, J.A. Spinal cord ischemia following operations on the abdominal aorta. J. Vasc. Surg. 1986, 3, 95–103. [Google Scholar] [CrossRef]

	



Asgari, M.A.; Masoumi, N.; Argani, H. Gluteal Necrosis and Lumbosacral Plexopathy in a Diabetic Patient after Renal Transplantation. Case Rep. Urol. 2015, 2015, 976912. [Google Scholar] [CrossRef]

	



Travis, T.; Monsky, W.L.; London, J.; Danielson, M.; Brock, J.; Wegelin, J.; Link, D.P. Evaluation of short-term and long-term complications after emergent internal iliac artery embolization in patients with pelvic trauma. J. Vasc. Interv. Radiol. 2008, 19, 840–847. [Google Scholar] [CrossRef]

	



Shin, R.K.; Stecker, M.M.; Imbesi, S.G. Peripheral nerve ischaemia after internal iliac artery ligation. J. Neurol. Neurosurg. Psychiatry 2001, 70, 411–412. [Google Scholar] [CrossRef]

	



Washington, S.; Osterberg, E.C.; Elliott, S.P.; Hittelman, A.B.; Breyer, B.N. Acute Bladder Necrosis after Pelvic Arterial Embolization for Pelvic Trauma: Lessons Learned from Two Cases of Immediate Postembolization Bladder Necrosis. Case Rep. Urol. 2016, 2016, 7594192. [Google Scholar] [CrossRef]

	



Ali, A.; Nabi, G.; Swami, S.; Somani, B. Bladder necrosis secondary to internal iliac artery embolization following pelvic fracture. Urol. Ann. 2014, 6, 166–168. [Google Scholar] [CrossRef] [PubMed]

	



Burchell, R.C.; Olson, G. Internal iliac artery ligation: Aortograms. Obstet. Gynecol. 1966, 94, 117–124. [Google Scholar] [CrossRef] [PubMed]

	



Raba, G.; Baran, P. Hemodynamic parameters following bilateral internal iliac arteries ligation as a treatment of intrapartum hemorrhage. Ginekol. Pol. 2009, 80, 179–183. [Google Scholar]

	



Burchell, R.C.; Mengert, W.F. Internal iliac artery ligation: A series of 200 patients. J. Int. Fed. Obstet. Gynecol. 1969, 7, 85. [Google Scholar] [CrossRef]

	



Akinwande, O.; Ahmad, A.; Ahmad, S.; Coldwell, D. Review of pelvic collateral pathways in aorto-iliac occlusive disease: Demonstration by CT angiography. Acta Radiol. 2015, 56, 419–427. [Google Scholar] [CrossRef] [PubMed]

	



Fredet, P. Quelques Recherches sur les Arteres de L’uterus; Journal de l’Anatomi et de la Physiologie: Berlin, Germany, 1899; p. 79. [Google Scholar]

	



Kristek, J.; Kachlik, D.; Sticova, E.; Fronek, J. Contralateral and Ipsilateral Arterial Vasculature of the Human Uterus: The Pilot Results of an Anatomical Study. Physiol. Res. 2022, 71 (Suppl. S1), S89–S97. [Google Scholar] [CrossRef] [PubMed]

	



Fröber, R. Surgical anatomy of the ureter. BJU Int. 2007, 100, 949–965. [Google Scholar] [CrossRef]

	



Pelage, J.P.; Le Dref, O.; Soyer, P.; Jacob, D.; Kardache, M.; Dahan, H.; Lassau, J.P.; Rymer, R. Arterial anatomy of the female genital tract: Variations and relevance to transcatheter embolization of the uterus. AJR Am. J. Roentgenol. 1999, 172, 989–994. [Google Scholar] [CrossRef]

	



Lanciego, C.; Diaz-Plaza, I.; Ciampi, J.J.; Cuena-Boy, R.; Rodríguez-Martín, N.; Maldonado, M.D.; Rodriguez-Gómez, O.; Cañete, M.L.; García-García, L. Utero-ovarian anastomoses and their influence on uterine fibroid embolization. J. Vasc. Interv. Radiol. 2012, 23, 595–601. [Google Scholar] [CrossRef]

	



Kostov, S.; Slavchev, S.; Dzhenkov, D.; Stoyanov, G.; Dimitrov, N.; Yordanov, A.D. Corona mortis, aberrant obturator vessels, accessory obturator vessels: Clinical applications in gynaecology. Folia Morphol. 2021, 80, 776–785. [Google Scholar] [CrossRef]

	



Marvanova, Z.; Kachlik, D. The anatomical variability of obturator vessels: Systematic review of literature. Ann. Anat. 2024, 251, 152167. [Google Scholar] [CrossRef] [PubMed]

	



Selçuk, İ.; Ersak, B.; Tatar, İ.; Güngör, T.; Huri, E. Basic clinical retroperitoneal anatomy for pelvic surgeons. Turk. J. Obstet. Gynecol. 2018, 15, 259–269. [Google Scholar] [CrossRef] [PubMed]

	



Braithwaite, J.L. The arterial supply of the male urinary bladder. Br. J. Urol. 1952, 24, 64. [Google Scholar]

	



Shehata, R. The arterial supply of the urinary bladder. Acta Anat. 1976, 96, 128–134. [Google Scholar] [CrossRef] [PubMed]

	



Kaya, B.; Damarer, Z.; Daglar, K.; Unal, O.; Soliman, A.; Guralp, O. Is there yet a role for internal iliac artery ligation in obstetric hemorrhage with the current gain in popularity of other uterus sparing techniques? J. Matern. Fetal Neonatal Med. 2017, 30, 1325–1332. [Google Scholar] [CrossRef] [PubMed]

	



Martyn, P.; Loewenau-Samusionek, K.; Waśniewski, T.; Lipińska, J. Subsequent pregnancy following B-Lynch suture, bilateral ligation of uterine arteries, utero-ovarian arteries and internal iliac arteries due to uterine atony—A case report. Pol. Ann. Med. 2013, 20, 124–127. [Google Scholar] [CrossRef]

	



Elmorsey, A.S.; Nasr, M.G.; Megahed, A.M. Combined Internal Iliac Artery Ligation, Transverse B-Lynch Suture and Intrauterine Balloon to Control Bleeding from Placenta Previa Accreta during Caesarean Section. EJMS 2022, 1, 26–31. [Google Scholar]

	



İçen, M.S.; Findik, F.M.; Akin Evsen, G.; Ağaçayak, E.; Yaman Tunç, S.; Evsen, M.S.; Gül, T. Hypogastric artery ligation in postpartum haemorrhage: A ten-year experience at a tertiary care centre. J. Obstet. Gynaecol. 2021, 41, 536–540. [Google Scholar] [CrossRef]

	



Domingo, S.; Perales-Puchalt, A.; Soler, I.; Marcos, B.; Tamarit, G.; Pellicer, A. Clinical outcome, fertility and uterine artery Doppler scans in women with obstetric bilateral internal iliac artery ligation or embolisation. J. Obstet. Gynaecol. 2013, 33, 701–704. [Google Scholar] [CrossRef]








[image: Clinpract 14 00005 g001] 





Figure 1. Anatomy of the internal iliac artery ((A,B)—embalmed female cadaver; author’s own material). (A,B) show the left side of the pelvis of the same cadaver. The posterior branch of the IIA has a lateral course (superior gluteal artery) in the pelvic sidewall. The middle rectal artery and iliolumbar artery were cut during dissection. EIA—external iliac artery; IIA—internal iliac artery; EIV—external iliac vein; ON—obturator nerve; OIM—obturator internus muscle; SGA—superior gluteal artery; IGA—inferior gluteal artery; UR—ureter; SUV—superficial uterine vein; OA—obturator artery; UMA—umbilical artery; UA—uterine artery; UT—uterus; PMM—psoas major muscle; IIV—internal iliac vein; VA—vaginal artery; CIAB—common iliac artery bifurcation; BL—bladder; R—rectum; CA—caudal; L—left. 
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Figure 2. Anatomy of the internal iliac artery ((A,B)—embalmed female cadavers; author’s own material). (A,B) show the left and right pelvic sidewall in two different female cadavers. The posterior branch of the internal iliac artery (superior gluteal artery) has a medial course in both figures. (A)—The sacral plexus and its relation to the divisions of the internal iliac artery are clearly highlighted. The superior gluteal artery runs between the lumbosacral trunk and the anterior ramus of the first sacral nerve and leaves the pelvis through the suprapiriform foramen. The inferior gluteal artery is located between the anterior rami of the second and third sacral nerves and leaves the pelvis through the infrapiriform foramen. (B)—The course of the uterine artery ventral to the ureter can be clearly seen. EIA—external iliac artery; IIA—internal iliac artery; EIV—external iliac vein; ON—obturator nerve; SGA—superior gluteal artery; IGA—inferior gluteal artery; UR—ureter; SUV—superficial uterine vein; SVA—superior vesical artery; LSAs—lateral sacral arteries; OA—obturator artery; UMA—umbilical artery; UA—uterine artery; PMM—psoas major muscle; IIV—internal iliac vein; VA—vaginal artery; CIAB—common iliac artery bifurcation; BL—bladder; UT—uterus; R—rectum; LST—lumbosacral trunk; S1, S2, S3—anterior rami of the sacral spinal nerves; Ca—caudal; L—left; Cr—cranial. 
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Figure 3. Anatomy of the internal iliac artery of (A,B) embalmed female cadavers; author’s own material. (A,B) show the right and left pelvic sidewalls in two different female cadavers. A—Presence of the inferior vesical artery in a female. B—Anomalous shape and course of the internal and external iliac arteries. The internal iliac artery follows a direct caudal course. EIA—external iliac artery; EIV—external iliac vein; IIA—internal iliac artery; FR—femoral ring; IVA—inferior vesical artery; SVAs—superior vesical arteries; IGA—inferior gluteal artery; SGA—superior gluteal artery; UA—uterine artery; OA—obturator artery; PR—promontory; UT—uterus; R—rectum; BL—bladder; R—right; Ca—caudal; L—left. 
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Figure 4. Some surgical steps during internal iliac artery ligation in case wherein the uterus is presented (open surgery (left side)—author’s own material). (A)—incision of the parietal peritoneum and identification of the ureter (steps 3 and 4). (B)—Identification of the internal iliac artery and entrance point of Latzko’s lateral pararectal space (steps 5 and 6). (C)—Development of lateral pararectal space (step 6). (D)—Ligation of the internal iliac artery. The posterior division is located just caudal to the surgical clamp. The instrument passes from lateral to medial beneath the artery (step 8). EIA—external iliac artery; OV—ovarian vessels; UR—ureter; UT—uterus; BL—posterior leaf of broad ligament; RL—round ligament (cut); AD—left adnexa; IIA—internal iliac artery; LSE—lateral pararectal space entrance; LS—lateral pararectal space; Cr—cranial; L—left. 
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Figure 5. Some surgical steps during internal iliac artery ligation in case wherein the uterus is presented (open surgery (left side)—author’s own material). (A)—dissection between the IIA and the underlying ipsilateral vein (step 7). (B)—The “ tripod” structure, with the ureter located medially and the external iliac artery positioned laterally. The structure in the middle is the internal iliac artery. EIA—external iliac artery; IIA—internal iliac artery; UR—ureter; UT—uterus; IIV—internal iliac vein; Cr—cranial; R—right. 
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Figure 6. The second group of anastomoses (embalmed cadavers; author’s own material). (A)—Anastomoses between the middle rectal artery and the superior rectal artery. (B)—Anastomoses between the lateral sacral arteries and the median sacral artery. (C)—Anastomoses between the lumbar artery and the iliolumbar artery. AA—abdominal aorta; CIA—common iliac artery, SRA—superior rectal artery; MRA—middle rectal artery; IIA—internal iliac artery; EIA—external iliac artery; MSA—median sacral artery; LSA—lateral sacral artery; LA—fourth lumbar artery; ILA—iliolumbar artery, Cr—cranial; L—left; R—right. 
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Figure 7. Arterial and venous corona mortis (fresh cadaver; author’s own material). EIA—external iliac artery; EIV—external iliac vein; PMM—psoas major muscle; OA—a proper obturator artery was injured during dissection. There was no accessory or aberrant obturator artery; ON—obturator nerve; OV—obturator vein; OIM—obturator internus muscle; FR—femoral ring; PS—pubic symphysis; aCORM—arterial corona mortis; vCORM—venous corona mortis; L—left; Ca—caudal. 
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Figure 8. Horizontal and vertical anastomoses of the IIA (author’s own material). UA—uterine artery; OA—obturator artery; IEA—inferior epigastric artery; LSAs—lateral sacral arteries; MSA—median sacral artery; LA—fourth lumbar artery; ILA—iliolumbar artery; SRA—superior rectal artery; MRA—middle rectal artery; SVA—superior vesical artery; IVA—inferior vesical artery; IRA—inferior rectal artery; OVs—obturator vessels; EIVs—external iliac vessels; IEVs—inferior epigastric vessels; IPA—internal pudendal artery; DCIA—deep circumflex iliac artery; MCFA—medial circumflex femoral artery; LCFA- lateral circumflex femoral artery; SGA—superior gluteal artery; IGA—inferior gluteal artery. 
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Table 1. Length of IIA in anatomical studies.
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	Author
	Year
	Cadaver Origin
	Number of Cadavers or Hemi-Pelvises
	Mean Length (cm) (±SD)
	Range (cm)





	Adachi [19]
	1928
	Japan
	121
	44.3 (±1.3)
	



	Shafiroff et al. [13]
	1959
	USA
	150
	
	1–3 (21%)

3–5 (60%)

5–7 (13%)



	Fatu et al. [20]
	2006
	Romania
	100
	4.9
	2–9



	Bleich et al. [18]
	2007
	USA
	54 (right)

54 (left)
	26.8

27
	0–5.2

0–4.9



	Naveen [14]
	2011
	India
	60 (hemi-pelvises)
	3.7 (±4.62)
	1.3–5.4



	Sakthivelavan et al. [16]
	2014
	India
	58
	3.7
	2.3–7.1



	Yuvaraj et al. [21]
	2018
	India
	80 (right)

80 (left)
	3.94 (±0.86)

3.61 (±0.63)
	2.4–5.4

2.7–4.7










 





Table 2. Anatomical relations of left, right internal iliac artery and ureter.
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	Left IIA
	Right IIA





	Anterior
	Parietal peritoneum
	Ureter attached to the parietal peritoneum



	Posterolateral
	External il