Angioembolization provides benefits in patients with concomitant unstable pelvic fracture and unstable hemodynamics
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Abstract

Introduction: Pelvic fractures result in hemodynamic instability in 5% to 20% of patients, and the reported mortality rate is 18% to 40%. Previous studies have reported the application of angioembolization in pelvic fracture patients with a systolic blood pressure (SBP) less than 90 mm Hg, a fluid resuscitation requirement of more than 2000 mL, or a blood transfusion of more than 4 to 6 units within 24 hours. In the current study, we attempted to delineate the efficacy and outcome of angioembolization in unstable pelvic fracture patients with concomitant unstable hypotension status.

Methods: We retrospectively reviewed the charts of patients with pelvic fractures between January 2005 and May 2010. We focused on unstable pelvic fracture patients with an SBP less than 90 mm Hg after fluid resuscitation who did not receive computed tomography scans. The demographics, injury severity score, abbreviated injury scale, and hemodynamic status after angioembolization were analyzed.

Results: In total, 26 patients were enrolled. There were 16 patients receiving angioembolization directly without computed tomography scans and 12 patients receiving emergency laparotomy due to a finding of hemoperitoneum on sonography, followed by angioembolization. In both groups, the SBP improved significantly after angioembolization. The overall survival rate was 85.7%.

Conclusions: In patients with concomitant unstable hemodynamics and unstable pelvic fracture, angioembolization serves as an effective adjunct to hemostasis. Aggressive embolization should be performed even in patients without contrast extravasation in angiography.
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1. Introduction

Pelvic fractures account for approximately 3% of all skeletal injuries following blunt trauma, usually trauma with high kinetic energy. Several reports have indicated that most pelvic fractures result from motor vehicle accidents  [1-5]. It has been reported that 10% to 15% of hemorrhages related to pelvic fracture are arterial, and the most-often identified source in angiography is the internal iliac system, with damage to the pudendal (anterior) and superior gluteal (posterior) arteries  [6-9]. Pelvic fracture may result in hemodynamic instability in 5% to 20% of patients, and the subsequent reported mortality rate is 18% to 40%  [10-15].
Pelvic fracture is a marker for excessive force applied to the human body and is often associated with extrapelvic hemor-rhage from other injuries (chest, 15%; intra-abdominal, 32%; long bones, 40%)  [16]. For pelvic fracture patients presenting hemodynamic instability, an emergency laparotomy should be performed based on the observance of hemoperitoneum on focused assessment of sonography for trauma (FAST)  [17]. However, although there have been few reports of the indication of preperitoneal packing for hemodynamically unstable pelvic fracture, surgical intervention seems to be less effective in the management of fracture-related retroperitoneal hemorrhage  [18,19]. Instead, the combination of pelvic angiography and embolization has been reported as an effective method for controlling retroperitoneal hemorrhage caused by pelvic fractures, and this technique is commonly used to treat fracture-associated retroperitoneal arterial hemorrhage  [8,11,20,21]. However, there have been other reports suggesting that angioembolization is appropriate only for hemodynamically stable patients  [8,22,23]. As a result, the management of retroperitoneal hemorrhage related to pelvic fracture resulting in hemodynamic instability remains a challenge for trauma surgeons and emergency department (ED) physicians. Clin-icians thus face a dilemma regarding the application of angioembolization for such patients in the ED.
Previous studies have reported the application of angioembolization in pelvic fracture patients with a systolic blood pressure (SBP) less than 90 mm Hg, a fluid resuscitation requirement of more than 2000 mL, or a blood transfusion of more than 4 to 6 units within 24 hours  [5,24,25]. However, the condition of patients with hypoten-sion in the ED seems more severe and more dangerous than that of others who can receive a blood transfusion and be observed for 24 hours. To our knowledge, reports on the application of angioembolization in unstable pelvic fractures with hypotension in the acute setting have been scarce to date. Therefore, the purpose of the current study was to evaluate efficacies and outcomes in the treatment of such patients.
2. Materials and methods

From January 2005 to May 2010, the trauma registry and medical records of pelvic fracture patients at the China



Medical University Hospital were reviewed retrospectively. During the 65-month investigational period, pelvic fracture patients were identified and treated according to our established algorithm ( Fig. 1). Pelvic x-ray (PXR) was used as an adjunct to the primary survey in patients with suspected pelvic fracture  [25]. The Young-Burgess classifi-cation system was used to evaluate the patterns of pelvic fracture. Lateral compression type III, anteroposterior compression types II and III, vertical shearing, and combined-type fractures were defined as unstable, whereas other patterns were considered stable  [26-28]. In the current study, hemodynamic instability was defined strictly as SBP less than 90 mm Hg after an initial fluid bolus of 2000 mL lactated Ringer's solution over 15 to 20 minutes. Patients who presented with concomitant unstable pelvic fractures in PXR and unstable hemodynamics were the focus of this study. The FAST was performed by attending level ED physicians or trauma surgeons to detect hemoperitoneum. Some of these patients received immediate angioemboliza-tion for hemostasis directly without a computed tomography (CT) scan if hemoperitoneum was excluded by the FAST. The others received emergency laparotomy first if
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Angioembolization
Fig. 1 The established algorithm for the management of concomitant unstable pelvic fracture and SBP less than 90 mm Hg. ATLS indicates Advanced Trauma Life Support; CXR, chest x-ray.
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hemoperitoneum was noted in the FAST. After exploratory laparotomy with intraperitoneal packing, angioembolization was performed in patients with active retroperitoneal hemorrhage noted intraoperatively. In our institution, the angioembolization was available 24 hours a day and could be performed within 30 minutes. Attending level physicians (trauma surgeons, emergency physicians, and interventional radiologists), appropriate facilities (monitors and rapid-transfusion sets), and a blood bank were available during the angioembolization procedure. The angioembolization procedure was performed using absorbable gelatin-sponge pledgets (Gelfoam), stainless-steel coils, or both. Because of the possibility of a vasospasm effect, the bilateral internal iliac arteries were routinely embolized with Gelfoam in patients with negative angiography. The protocol was abandoned for any patients who became profoundly hypotensive (SBP, £60 mm Hg) before or during the angiography  [29]. These patients were managed with more resuscitation (continued fluid administration and/or the administration of vasopressors)  [8].



In the current study, we investigated the characteristics of unstable pelvic fracture patients presenting with unstable hemodynamics in the ED. The demographic characteristics, abbreviated injury scale scores, injury severity scores (ISS), injury mechanisms, fracture types, time to treatment (operation or angioembolization), and outcomes were described in these patients. The initial SBPs in the ED were compared with the SBPs after angioembolization. The applications and outcomes of angioembolization in such patients were delineated. The associated intra-abdominal injuries noted intraoperatively and the injured vessels detected in angiography were also examined.
3. Results

During the 65-month period, 358 patients were admitted to China Medical University Hospital with a diagnosis of pelvic fracture. The patients' distribution is listed in  Fig. 2.
Patients with pelvic fracture (initial evaluation in PXR)
N = 358
Stable pelvic fracture
N = 306
Unstable pelvic fracture
Excluded
N = 52
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Hemoperitoneum excluded by FAST, received angioembolization directly without further examination
(N = 16)

Hemoperitoneum excluded by FAST, but unable to receive angioembolization due to persistent SBP less than 60 mmHg (N = 2)
Excluded
Fig. 2   The patient distribution in the current study.
	
	

	
	
	
	
	
	
	

	
	Table 1   Demographics of the 28 patients with concomitant unstable pelvic fracture and hypotension status
	

	
	Variables
	No hemoperitoneum in FAST,
	Hemoperitoneum in FAST,
	

	
	
	received angioembolization
	received angioembolization

	
	
	directly without CT scan (n = 16)
	after exploratory laparotomy (n = 12)

	
	
	
	
	

	
	Age (y)
	41.7 ± 17.8
	36.9 ± 24.1
	

	
	Sex, n (%)
	
	
	
	
	

	
	Male
	12(75.0)
	11 (91.7)
	

	
	Female
	4
	(25.0)
	1
	(8.3)
	

	
	ISS
	28.3 ± 14.2
	36.9 ± 26.7
	

	
	Pelvis AIS
	3.8 ± 1.1
	4.4 ± 0.8
	

	
	Injury mechanism, n (%)
	
	
	
	
	

	
	Traffic crash
	14 (87.5)
	11 (91.7)
	

	
	Falling down (N3 m)
	2
	(12.5)
	1
	(8.3)
	

	
	Pelvic fracture type a
	
	
	
	
	

	
	APC type II
	7
	(43.8)
	6
	(50.0)
	

	
	APC type III
	2
	(12.5)
	1
	(8.3)
	

	
	LC type III
	4
	(25.0)
	3
	(25.0)
	

	
	VS type
	3
	(18.7)
	1
	(8.3)
	

	
	Combined type
	0
	(0)
	1
	(8.3)
	

	
	SBP in ED (mm Hg)
	72.4 ± 10.6
	64.0 ± .13.3
	

	
	SBP after TAE (mm Hg)
	117.2 ± 14.9
	105.3 ± 38.4
	

	
	P b
	b.001
	.014
	

	
	Time to treatment (min)
	39.7 ± 11.3 (angioembolization)
	31.4 ± 18.1 (operation)

	
	Mortality, n (%)
	2
	(12.5)
	2
	(16.7)
	

	
	
	
	
	
	
	



Values are mean ± SD, unless otherwise indicated.
TAE indicates transarterial angioembolization; AIS, abbreviated injury scale; APC, Anterior-posterior compression; LC, lateral compression; VS, vertical shearing.
a Young and Burgess classification system. 
b Wilcoxon 2-sample exact test. 
There were 52 patients diagnosed with unstable pelvic fracture and 306 patients diagnosed with stable pelvic fracture in the initial PXR. In these 52 unstable pelvic fracture patients, there were 34 patients with an initial SBP less than 90 mm Hg after a fluid resuscitation of 2000 mL. There were 18 patients with hemoperitoneum on FAST, and 16 of these patients received angioembolization directly without CT scans. The other 2 profoundly hypotensive patients (SBP, b60 mm Hg) did not receive angioemboliza-tion and were excluded. In addition, 12 patients received exploratory laparotomy first, for hemoperitoneum noted in the FAST, followed by angioembolization due to retroper-itoneal hemorrhage noted intraoperatively. There were 4 patients excluded without angioembolization after emergency laparotomy. (One patient had uncontrolled internal hemorrhage and died in the operation room; another 3 patients had intra-abdominal hemorrhage only without retroperitoneal hemorrhage.)
The mean (SD) age of the 28 patients with concomitant unstable pelvic fracture and unstable hemodynamics was 39.6 (18.3) years. Of these patients, 23 were male (82.1%) and 5 were female (17.9%). Patient age, sex, ISS, injury mechanism, and fracture type are listed in  Table 1. In patients who received angioembolization directly, the SBP after angioembolization was significantly higher than their initial SBP in the ED (117.2 ± 14.9 vs 72.4 ± 10.6 mm Hg, P b .001)



( Table 1). Similarly, in patients who received exploratory laparotomy followed by angioembolization, the SBP im-proved significantly after angioembolization (105.3 ± 38.4 vs 64.0 ± .13.3 mm Hg, P = .014) ( Table 1). There were 4 deaths in these 28 patients, or an overall survival rate of 85.7%.
In the 12 patients who received exploratory laparotomy followed by angioembolization, there were 9 patients (75%) with positive findings, and the most injured intra-abdominal organ with hemorrhage was the liver (4/9) ( Table 2). However, retroperitoneal hematoma expansion and ascites secondary to fluid resuscitation without active intra-abdominal

Table 2 Findings of the exploratory laparotomy in patients with hemoperitoneum in the FAST
Associated intra-abdominal organ injuries
	Positive
	9 (75%)

	Liver
	4

	Spleen
	1

	Kidney
	2

	Urinary bladder
	3

	Intestine
	1

	Negative (nontherapeutic celiotomy)
	3 (25%)

	
	


Each patient may have had more than 1 injury. Thus, the total number of injuries exceeds the total number of patients.
	
	




Table 3   Findings and embolization material in angiography
	Vessels with contrast extravasation
	Embolization material

	
	
	
	

	IIA
	17
	(65.4%)
	Coil + Gelfoam (12)

	
	
	
	Gelfoam (5)

	External iliac artery
	1
	(3.8%)
	Coil + Gelfoam (1)

	Lumbar artery
	2
	(7.7%)
	Gelfoam (2)

	IIA + lumbar artery
	1
	(3.8%)
	Coil + Gelfoam (1)

	Negative
	5
	(19.3%)
	Gelfoam (5)

	
	
	
	


There were 5 patients with negative angiography, all of whom received Gelfoam embolization.
hemorrhage were seen in 3 patients. The overall associated intra-abdominal hemorrhage rate was 34.6% (9/26).
The angiography findings and the injured vessels are listed in  Table 3. There were 17 patients (65.4%) with contrast extravasation in the internal iliac artery (IIA) and its branches. One patient (3.8%) had concomitant IIA and lumbar artery contrast extravasation. Although there was no contrast extravasation noted in 5 (19.2%) patients, Gelfoam embolizations of the bilateral internal iliac arteries were performed in these 5 patients.
4. Discussion

Pelvic fractures are often associated with a high mortality rate and with chest, abdominal, and pelvic organ injuries  [12,16,27]. Pelvic fractures can result in hemorrhage from the surface of the fracture site or associated venous structures and in hemorrhage of the retroperitoneal arteries  [12,27]. Therefore, immediate recognition of the presence of a pelvic ring disruption and concomitant vessel injuries can be pivotal during an evaluation of blunt abdominal trauma.
The use of PXR as an early diagnostic adjunct in the evaluation of blunt trauma patients has been widely accepted and is recommended by the Advanced Trauma Life Support protocol  [25]. The PXR remains an essential component of the initial fracture and stability screening at many institu-tions. More recently, FAST has been shown to be a useful adjunct to the primary survey for cavitary hemorrhage. We agree that there was false-negative finding of hemoperito-neum on FAST. However, in patients with hypotension related to intra-abdominal hemorrhage, the amount of hemoperitoneum might be large and not be missed on FAST performed by attending level physicians. On the other hand, FAST is an operator experience–dependent technique and has limitations in the survey of retroperitoneal hemorrhaging  [30]. A secondary pelvic CT scan may provide better resolution than PXR and may augment the detection of small fractures, soft tissue injuries, and/or active arterial hemorrhage. For patients with stable hemodynamics, CT scans have become more accessible and facilitate the evaluation of associated hemorrhage or intra-abdominal injuries in pelvic fractures  [31-33]. A contrast extravasation



may be seen in up to 10% of patients with pelvic fractures undergoing CT scans, and the size of the blush or the presence of a large pelvic hematoma may predict those requiring angioembolization  [1,32,34,35]. Based on the findings of CT scans, subsequent angioembolization may be performed.
In the current study, hemodynamic instability was strictly defined as an SBP less than 90 mm Hg after a fluid resuscitation of 2000 mL, which limits the use of CT scan. It is risky to perform this time-consuming procedure with patients in such an unstable condition. The time lag and pause of resuscitation should be considered. In patients with unstable hemodynamics, therefore, it is difficult to evaluate associated retroperitoneal hemorrhage by CT scan. Pelvic instability can only be evaluated by physical examination and PXR in such patients. Furthermore, it has been proposed that several specific pelvic fracture patterns are associated with major ligamentous disruption, which often results in pelvic instability and life-threatening hemorrhage  [27]. The reported rate of hemorrhage in unstable pelvic fractures ranges from 18% to 62.5%  [12,36,37]. Therefore, if there is no hemoperitoneum observed in the FAST imaging, retroperitoneal hemorrhage related to an unstable pelvic fracture should be considered. Angioembolization should then be performed for hemostasis directly, even without a CT scan.
In the current study, there were 16 patients who received angioembolization directly without CT scans due to concomitant unstable pelvic fractures and unstable hemody-namics ( Table 1). In these patients, there was no hemoper-itoneum noted in the FAST. Therefore, unstable hemodynamics resulting from unstable pelvic fractures was highly suspected. After urgent angiography and emboliza-tion, the SBP increased significantly (117.2 ± 14.9 vs 72.4 ± 10.6 mm Hg, P b .001), and the hemodynamics became stable. There were still 2 (12.5%) deaths due to persistent extravasation and, finally, to multiple-organ failure. Hemo-stasis was achieved in 14 (87.5%) patients, and the overall outcomes seemed acceptable.
It has also been reported that 32% to 45% of pelvic fractures are associated with intra-abdominal injuries and hemorrhage  [16,36]. Without the tamponade effect of retroperitoneum, the intraperitoneum is a relatively low-pressure space. Therefore, an emergency laparotomy for an intra-abdominal hemorrhage should be performed with higher priority than the treatment of a retroperitoneal hemorrhage related to unstable pelvic fracture. In the current study, hemoperitoneum was seen in 12 patients with concomitant hypotension status and unstable pelvic fracture. Exploratory laparotomy with intra-abdominal packing was performed to stabilize patients and stop intra-abdominal hemorrhage. Therapeutic angiography was later used to control active retroperitoneal hemorrhage by transarterial embolization. After exploratory laparotomy and subsequent immediate angioembolization, hemostasis was achieved and SBP increased significantly (105.3 ± 38.4 vs 64.0 ± .13.3


mm Hg, P = .014). There were 2 (16.7%) deaths in the 12 patients. One death was due to severe traumatic brain injury, and the other was due to uncontrolled intra-abdominal hemorrhage. In the 12 exploratory laparotomies, there were 3 patients (25%) with ascites secondary to massive fluid resuscitation who received nontherapeutic laparotomies ( Table 2). However, the reported nontherapeutic laparotomy rate in blunt abdominal trauma ranged from 9% to 70%  [38- 40]. As a result, it is reasonable to evaluate and manage intra-abdominal injuries first in these patients.
It has been reported that the most injured vessel related to pelvic fractures was the IIA and its branches  [6]. In the current study, there were 17 patients (65.4%) with IIA injuries ( Table 3). However, there were 5 patients without contrast extravasation in angiography. This vasospasm effect might provide an alternative explanation for the negative angiography. Vascular lesions may not be demonstrable in the angiography, suggesting the probability of a spasm in the ruptured artery, venous hemorrhage, or a fracture-site surface hemorrhage  [41,42]. In patients with hemodynamic instabil-ity that persists despite failure to identify the bleeder by angiography, the nonselective and bilateral embolization of the internal iliac arteries is suggested by the absorbable-gelatin-sponge method, with a hemostatic effect suitable for the control of hemorrhage. Therefore, embolization is still performed in bilateral internal iliac arteries to save lives, even without contrast extravasation in angiography, although there were risks of complications, such as skin ulcer, pelvic infection, claudication, or erectile dysfunction after IIA embolization  [43-46]. However, it was also reported that no significant increase of long-term or short-term complications was noted in trauma patients who underwent IIA emboliza-tion  [47]. Gelfoam is a temporary embolic agent and is likely biodegraded in 7 to 21 days, allowing for recanalization  [45]. This property may limit long-term complications compared with coil occlusion or surgical ligation of IIAs. As a result, in patients with negative angiography, Gelfoam was used as an embolization material to prevent both active retroperitoneal hemorrhage masked by a vasospasm effect and complica-tions related to embolization.
One limitation of the current study is its retrospective nature and the small number of cases examined. A possible selection bias may limit our conclusions. However, the results show the benefit of angioembolization for patients with concomitant unstable hemodynamics and unstable pelvic fractures. Further studies with larger sample sizes and prospective designs are needed to establish algorithms for prompt diagnoses and precise treatment plans in the ED.
5. Conclusions

In patients with concomitant unstable hemodynamics and unstable pelvic fracture, angioembolization served as an effective adjunct for hemostasis. Because of the probability of a vasospasm effect, aggressive embolization should be



performed even in patients without contrast extravasation in angiography.
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