Higher glucose on admission is associated with need for angioembolization in stable pelvic fracture
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Abstract

Background: Angioembolization is an effective adjunct to the management of retroperitoneal hemorrhage in pelvic fractures. Most patients with stable-type pelvic fracture are treated conservatively. However, in some stable pelvic fracture cases, patients should receive angioembolization for hemostasis upon incidental finding of contrast extravasation on computed tomography (CT). In this study, we attempted to define the characteristics of patients with stable pelvic fracture requiring angioembolization. Methods: We retrospectively reviewed the charts of patients with pelvic fractures between January 2005 and November 2009. We focused on stable pelvic fracture patients with contrast extravasation on CT who then received angioembolization. The demographics, Injury Severity Score (ISS), Abbreviated Injury Scale score, and the blood glucose levels on admission were analyzed.

Results: In total, 334 patients were enrolled. Patients with higher blood glucose level on admission with stable pelvic fracture had a higher rate of angioembolization. Furthermore, these patients presented with a higher Abbreviated Injury Scale score and ISS.

Conclusions: In patients with stable pelvic fracture, higher blood glucose level on admission was associated with a higher likelihood of needing angioembolization. Blood glucose level should be checked during the initial survey of a pelvic fracture, and greater attention should be given to patients with higher blood glucose level or with an ISS of 25 or greater, even when the imaging study only reveals a stable pelvic fracture.
1. Introduction

Pelvic fracture is usually the result of blunt trauma with high kinetic energy  [1-5]. Pelvic fractures can result in bleeding from the surface of the fracture site or associated venous structures as well as bleeding of the retroperitoneal arteries  [3]. Life-threatening retroperitoneal arterial bleeding often occurs in association with pelvic fractures resulting from major ligamentous disruption  [6]. It was reported that retroperitoneal arterial bleeding might be related to the fracture type and the stability of the pelvis  [6,7]. Computed tomography (CT) has become more accessible and allows the evaluation of associated bleeding or intra-abdominal injuries in pelvic fractures  [8,9]. Abnormal contrast pooling or extravasation in a CT scan might indicate active bleeding  [10-12]. The combination of pelvic angiography and embolization has been reported to be an effective method for controlling hemorrhaging caused by pelvic fractures. Moreover, this technique is commonly used to treat fracture-associated arterial hemorrhage  [13-16].

The reported rate of hemorrhage in unstable pelvic fractures ranges from 18% to 62.5%  [3,17,18]. Stable pelvic fractures have often been considered minor injuries and are normally treated conservatively; however, 7% to 10% of stable pelvic fracture patients with retroperitoneal hemor-rhage require transarterial embolization (TAE) for hemosta-sis  [17,18]. It is therefore important to identify a marker that could provide early detection of retroperitoneal bleeding in stable pelvic fracture patients. Once identified, the hemosta-sis procedure could be performed immediately, thus preventing hemodynamic instability.

Hyperglycemia in critically ill patients is associated with poor outcome, prolonged hospital stay, and increased infection rates  [19,20]. These findings are paralleled by observations in the trauma setting, particularly in patients with traumatic brain injury  [21,22]. The stress of trauma or illness might result in stress-induced hyperglycemia  [23,24]. Thus, the purpose of this study was to determine whether blood glucose level on admission could reflect the stress induced by retroperitoneal hemorrhaging related to pelvic fracture.

In this study, we investigated the characteristics of stable pelvic fracture patients presenting with retroperitoneal hemorrhaging and requiring TAE for hemostasis. We evaluated the correlation between admission blood glucose level and the need for TAE to determine the most appropriate management regimen for patients with stable pelvic fracture. We attempted to identify a simple and easily accessible marker that could be used in an emergency department (ED) for early detection of retroperitoneal hemorrhaging in patients with stable pelvic fracture.

2. Materials and methods

We reviewed the trauma registry and medical records of patients with pelvic fracture at the China Medical University

Hospital (CMUH) from January 2005 to November 2009. The CMUH serves as a major trauma referral center in the central part of Taiwan and serves a population of 6 million people. During the 59-month investigational period, patients with pelvic fracture were identified and treated according to our established program ( Fig. 1). The pelvic x-ray (PXR) was used as an adjunct of the primary survey in patients with suspected pelvic fracture. Patients with concomitant unstable hemodynamics (systolic blood pressure [SBP] b90 mm Hg) and unstable pelvic fracture received immediate TAE for hemostasis if cavitary hemorrhage was excluded by the focused assessment with sonography for trauma (FAST). A routine CT scan was performed in patients with stable hemodynamics (SBP ≧90 mm Hg) who had unstable pelvic fracture identified by PXR. On the other hand, most patients with stable pelvic fracture were treated conservatively and observed closely in ward or outpatient department at least 1 week for the probability of delayed or missed hemorrhage. Some patients received CT scans because of suspicion of other associated intra-abdominal injuries (eg, peritoneal sign or free fluid in FAST). A TAE was indicated if contrast extravasation (CE) was seen in the CT scan. The Young-Burgess classification system was used to evaluate the patterns of pelvic fracture. Lateral compression type I, type II, and anteroposterior compression type I fractures were defined as stable, whereas other patterns were considered unstable  [6,7,25]. Patients who presented with a stable pelvic fracture in PXR were the focus of this study. These patients were expected to be treated conservatively without further hemostasis; however, there were some patients who received CT scans for evaluation of other associated intra-abdominal injuries. Contrast extravasation was incidentally seen in CT scans, resulting in TAE. These patients were compared to those with stable pelvic fracture who were treated conser-vatively without further hemostasis procedures. The demo-graphic characteristics, initial SBP, Abbreviated Injury Scale (AIS) score, Injury Severity Score (ISS), admission blood glucose level, and prothrombin time (PT)/international normalized ratio (INR) were compared between these 2 groups of patients.

We used χ2 tests and Wilcoxon 2-sample exact tests to conduct univariate analyses. A P value less than .05 was considered to be significant. A multivariate logistic regres-sion analysis was performed to determine whether age, male sex, AIS score less than 3, admission blood glucose level less than 180 mg/dL, or ISS less than 25 (score) were independently related to patients with stable pelvic fracture who received TAE.

3. Results

During the 59-month period, 334 patients were admitted to CMUH with a diagnosis of pelvic fracture. There were 33 patients diagnosed with an unstable pelvic fracture and 301 patients diagnosed with a stable pelvic fracture in the initial

	28
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	C.Y. Fu et al.
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	Patients with suspected pelvic fracture
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Follow ATLS guideline
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	Pelvic X-ray examination
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	Pelvic fracture
	
	
	
	No pelvic fracture
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	(N = 334)
	
	
	
	
	(Excluded)
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	Unstable pelvis
	
	
	
	
	
	
	
	
	
	
	
	
	Stable pelvis
	
	
	
	

	
	
	
	
	(N = 33)
	
	
	
	
	
	
	
	
	
	
	
	(N = 301)
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	No TAE
	
	
	
	
	
	
	
	
	TAE (N = 73)
	
	
	
	
	
	
	No TAE
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Observation or
	
	
	
	Unstable pelvis (N = 25):
	
	Stable pelvis (N = 48):
	
	
	
	
	Observation or
	
	

	
	treat other
	
	
	
	(1) TAE for unstable
	
	TAE for CE on CT scan
	
	
	
	
	treat other
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	injuries (N = 8)
	
	
	
	hemodynamics
	
	
	
	
	
	
	
	
	
	
	
	injuries (N = 253)
	
	

	
	
	
	
	
	
	without CT scan
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	(N = 7)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	(2) CE on routine CT
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	scan (N = 18)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


[image: image2.jpg]


[image: image3.jpg]


[image: image4.jpg]



ATLS = Advanced Trauma Life Support, CXR = chest X-ray, PXR = pelvis X-ray
TAE = transarterial embolization, CT = computed tomography, CE = contrast extravasation
Fig. 1   The established algorithm for the management of patients with pelvic fractures and patient distribution in the current study.
PXR. Of these 33 patients, 7 received immediate TAE because of unstable hemodynamics. Conversely, of the 301 patients with stable pelvic fracture, 253 were treated conservatively and none of them had delayed hemorrhaging or other complications. The remaining 48 patients received subsequent TAE due to incidental CE in the CT scan ( Fig. 1).

The mean age of all 334 pelvic fracture patients was 41.9 ± 18.4 years. Of these patients, 165 were male (49.4%) and 169 were female (50.6%). Age, sex, and PT/INR were similar
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Table 1 Demographics of patients with pelvic fracture and comparison between patients who did and did not receive TAE

	Variables
	All patients (N = 334)
	P

	
	Patients receiving
	Patients not receiving
	

	
	TAE (n = 73)
	TAE (n = 261)
	

	Age
	43.9 ± 20.5
	44.0 ± 18.6
	.98

	Sex (n)
	
	
	.44

	Female
	34 (46.6%)
	134 (51.3%)
	

	Male
	39 (53.4%)
	127 (48.7%)
	

	SBP (mm Hg)
	108.4 ± 32.9
	130.0 ± 30.2
	b.01

	PT/INR
	1.3 ± 0.3
	1.2 ± 1.3
	.34

	Admission
	199.4 ± 84.1
	150.5 ± 58.5
	b.01

	blood sugar
	
	
	

	(mg/dL)
	
	
	

	AIS (score)
	3.3 ± 0.9
	2.4 ± 0.6
	b.01

	ISS (score)
	25.0 ± 13.1
	11.4 ± 10.2
	b.01

	
	
	
	





between patients with and without TAE ( Table 1). The blood glucose level on admission (199.4 ± 84.1 vs 150.5 ± 58.5 mg/ dL, P b .01), SBP (108.4 ± 32.9 vs 130.0 ± 30.2 mm Hg, P b
.01), AIS score (3.3 ± 0.9 vs 2.4 ± 0.6, P b .01), and ISS (25.0 ± 13.1 vs 11.4 ± 10.2, P b .01) were significantly different between patients who received TAE and those who did not ( Table 1). In addition, in all of the patients who received TAE, there was no significant difference between stable and unstable pelvic fractures in terms of demographics, blood glucose level on admission, or severity of injuries ( Table 2). As shown in  Table 3, significantly higher blood glucose level on admission (196.4 ± 86.7 vs 150.9 ± 58.4 mg/dL, P = .01), AIS score (3.1 ± 0.9 vs 2.4 ± 0.6, P b .01), and ISS (24.0 ± 12.6 vs 11.3 ± 10.3, P b .01) were noted in patients with stable pelvic fracture who were found to have CE on the CT scan and underwent TAE. There were 70.8% and 62.5% patients with an admission blood glucose level less than 180 mg/dL and an ISS less than 25, respectively, who received TAE after being diagnosed with a stable pelvic fracture. In these patients with stable pelvic fracture, there was no delayed or missed hemorrhage noted during the period of follow-up.

The aforementioned multivariate logistic regression analyses revealed that the presence of admission blood glucose level less than 180 mg/dL and an ISS less than 25 were 2 significant factors in the prediction of need for angioembolization in patients with stable pelvic fracture. Patients with admission blood glucose level less than 180
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Table 2 Comparison between TAE patients with stable and unstable fractures

	Variables
	Patients receiving
	P

	
	TAE (n = 73)
	
	

	
	Stable pelvis
	Unstable pelvis
	

	
	(n = 48)
	(n = 25)
	

	Age
	44.0 ± 21.3
	43.8 ± 19.4
	.97

	Sex (n)
	
	
	.10

	Female
	19 (39.6%)
	15 (60.0%)
	

	Male
	29 (60.4%)
	10 (40.0%)
	

	SBP (mm Hg)
	115.0 ± 33.1
	98.7 ± 31.0
	.11

	PT/INR
	1.3 ± 0.4
	1.3 ± 0.3
	.78

	Admission blood sugar
	196.4 ± 80.5
	205.0 ± 80.5
	.69

	(mg/dL)
	
	
	

	AIS (score)
	3.1 ± 0.9
	3.7 ± 0.8
	.05

	ISS (score)
	24.0 ± 12.6
	26.8 ± 14.3
	.50

	
	
	
	


mg/dL (odds ratio, 3.51) and an ISS less than 25 (odds ratio, 8.21) had a significantly higher probability of undergoing for TAE despite their stable pelvic fracture ( Table 4).

4. Discussion

Pelvic fractures frequently occur in patients with multiple traumas and associated mortality rates range from 6% to 18%  [1-3,26]. 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  [27]. The PXR remains an essential component of initial fracture and stability screening at many institutions. However, 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 bleeding


Table 3 Comparison between patients with stable pelvic fracture who did and did not receive TAE

	Variables
	CE on CT
	Observation
	P

	
	scan, then received
	(n = 253)
	

	
	TAE (n = 48)
	
	

	
	
	
	

	Age
	44.0 ± 21.3
	44.1 ± 18.7
	.96

	Sex (n)
	
	
	.18

	Female
	19 (13.0%)
	128 (87.0%)
	

	Male
	29 (18.7%)
	125 (81.3%)
	

	SBP (mm Hg)
	115.0 ± 33.1
	130.5 ± 30.4
	.01

	PT/INR
	1.3 ± 0.4
	1.1 ± 0.3
	.07

	Blood sugar (mg/dL)
	196.4 ± 86.7
	150.9 ± 58.4
	.01

	Blood sugar (n)
	
	
	b.01

	≧180 (mg/dL)
	34 (70.8%)
	46 (21.7%)
	

	b180 (mg/dL)
	14 (29.2%)
	198 (78.3%)
	

	AIS (score)
	3.1 ± 0.9
	2.4 ± 0.6
	b.01

	ISS (score)
	24.0 ± 12.6
	11.3 ± 10.3
	b.01

	ISS (n)
	
	
	b.01

	≧25
	30 (62.5%)
	24 (9.5%)
	

	b25
	18 (37.5%)
	229 (90.5%)
	

	
	
	
	





Table 4 Factors independently associated with stable pelvic fracture patients who need for TAE

	Variable
	Odds ratio (95% CI)
	P a

	Age ≧65 y
	2.41
	(1.16-2.87)
	.477

	Sex (male)
	3.30
	(0.05-1.15)
	.096

	AIS score≧3
	1.71
	(0.96-6.88)
	.051

	Admission blood glucose
	3.51
	(2.49-12.80)
	.044

	≧180 mg/dL
	
	
	

	ISS ≧25
	8.21
	(2.34-42.77)
	.016

	
	
	
	


CI indicates confidence interval.

a  Multivariate logistic regression.

 [8,9,28]. As a result, CT has become a universally used procedure for the further assessment of most abdominal and pelvic injuries.

The reported hemorrhage rate resulting from unstable pelvic fracture was approximately 18% to 62.5%  [3,17,18]. In these patients, a further diagnostic tool such as CT or angiography might be important because of the high probability of retroperitoneal hemorrhage or associated intra-abdominal injuries. Stable pelvic fractures are often considered as relatively minor injuries and are usually treated conservatively without further survey. However, 7% to 10% of patients were noted to have active retroperitoneal hemorrhaging after being diagnosed with a stable pelvic fracture  [17,18]. The failure of early recognition of hemorrhaging and hemostasis may result in hemodynamic instability or disastrous outcome  [4]. As a result, the early detection of potential bleeding in patients with stable pelvic fracture is important.

Traumatic hemorrhage could be detected via physiologic response, biochemical markers, or image studies. Focused assessment with sonography for trauma has been shown to be an adjunct to the primary survey for cavitary bleeding. However, FAST is an operator experience–dependent technique and has limitations in the survey of retroperitoneal hemorrhaging  [29]. Although an enhanced CT scan could provide accurate detection of retroperitoneal hemorrhaging, the expense and radiation exposure of CT should also be considered. It would not be practical to perform CT in every patient with stable pelvic fracture for the purpose hemor-rhage screening. Therefore, a reliable and easily accessible tool has yet to be found for the early detection of hemorrhaging in patients with stable pelvic fracture. Although some studies have shown that biochemical markers (eg, lactate or arterial base excess) could be an indicator of hypoperfusion  [30-33], admission blood glucose level was considered as indicator for outcome of trauma patients  [34]. It remains still uncertain whether admission blood glucose level could be used for early detection of hemorrhage.

Blood glucose level on admission could be seen as an independent predictor reflecting the physiologic stress response to trauma, acute blood loss, or rapid volume shifts  [35]. Hyperglycemia was shown to be a predictor of postoperative infections, hospital length of stay, and



mortality with multiple injuries  [19,20]. Previous reports indicated that higher blood glucose levels might be related to mortality or morbidity in multiple trauma patients, especially in patients with blunt brain injuries  [21,22]. McCowen et al  [24] reported that trauma and critical illness increase hepatic gluconeogenesis despite hyperglycemia and abundantly released insulin. Glucose metabolism is further affected by counterregulatory hormonal responses and signals from the nervous system. The so-called diabetes of injury or stress diabetes reportedly occurs because of the impairment of glucose uptake in skeletal and cardiac muscles  [23,36-39]. To our knowledge, it remains unclear whether hyperglyce-mia or peripheral insulin resistance is the reason for poor outcome or if there are other undetected pathophysiologic mechanisms. Further investigations are needed to determine such mechanisms.

In our study, the patients with pelvic fracture who had received TAE because of retroperitoneal hemorrhage presented with higher blood glucose levels on admission than patients without TAE (199.4 ± 84.1 vs 150.5 ± 58.5 mg/ dL, P b .01) ( Table 1). There was no significant difference in blood glucose levels on admission between stable and unstable pelvic fracture patients who underwent TAE, suggesting that regardless of the stability (stable or unstable), the admission blood glucose level is an important determi-ning factor for TAE. One possible reason for the increased blood glucose levels may be stress- or acute blood loss– related hyperglycemia. Some reports have used this criterion to predict outcome in trauma patients. However, to the best of our knowledge, few reports in the English literature have discussed the significance of the blood glucose level on admission in pelvic fracture or in the early phase of trauma.

In the current study, most patients with stable pelvic fracture were treated conservatively without further survey. In 48 (15.9%) patients, incidental retroperitoneal bleeding was found in CT scans indicated for other reasons, resulting in subsequent TAE. These patients also had higher blood glucose levels than patients who did not require TAE (196.4 ± 86.7 vs 150.9 ± 58.4 mg/dL, P = .01) ( Table 3). Furthermore, 70.8% of patients with stable pelvic fracture who received TAE had an admission blood glucose level higher than 180 mg/dL. This cutoff value was statistically significant, suggesting that admission blood glucose level higher than 180 mg/dL could serve as an early marker in the detection of retroperitoneal hemorrhaging in patients with stable pelvic fracture. Multiple logistic regression analysis also revealed that admission blood glucose level higher than 180 mg/dL was an independent risk factor for requiring TAE, which was associated with an increased risk of requiring an TAE (odds ratio, 3.51) ( Table 4).

The blood glucose level on admission is a simple and easily accessible biochemical marker that could be easily accessed in the ED. We suggest that the blood glucose should be checked during the initial survey of patients with pelvic fracture. Furthermore, the possibility of retroperito-neal bleeding should be considered in patients with elevated




blood glucose level (N180 mg/dL) on admission, even in those with a stable pelvic fracture. A CT scan may be necessary in these patients for further survey of associated bleeding or injuries.

Another important factor that determines the need for TAE in patients with stable pelvic fracture is injury severity. In our study, we found that the AIS score was significantly higher in patients with stable pelvic fracture who received TAE compared with those who did not (3.1 ± 0.9 vs 2.4 ± 0.6, P b .01). Furthermore, the ISS was significantly higher in these patients than in those who did not receive TAE (24.0 ± 12.6 vs 11.3 ± 10.3, P b .01) ( Table 3). In addition to pelvic injuries, other associated extra-abdominal injuries might also be more severe in these patients, suggesting that stable pelvic fracture patients with higher ISS have an increased probability of requiring TAE.

 Table 1 shows that among all patients with pelvic fracture, those who received TAE had a significantly lower SBP than those who did not. We found that patients with stable pelvic fracture had similar characteristics ( Table 3). However, the mean SBP of patients who did and did not receive TAE was higher than 100 mm Hg. Although there was a statistically significant difference between these patient groups, the result is of lesser clinical value.

This study was limited by the small number of examined cases and by its retrospective nature. In addition, the small sample size and a possible bias in case selection may have limited our ability to draw conclusions. Nevertheless, our findings define the characteristics of patients with stable pelvic fracture who initially presented with a stable condition but underwent TAE because of incidental CE seen on CT. 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

Blood glucose evaluated on admission is a simple and easily accessible biomarker in the ED and should be checked during the initial survey of pelvic fracture patients. Stable pelvic fracture patients presenting with retroperito-neal hemorrhaging, who underwent TAE, had higher admission blood glucose than those without retroperitoneal hemorrhaging. The retroperitoneal hemorrhaging observed in patients with stable pelvic fracture should also be considered in patients with associated injuries (eg, those with an ISS N25).

Acknowledgments

The authors thank Chen-An Tsai and China Medical University Biostatistics Center for their assistance in statistical analysis.

	
	


References

[1] Rothenberger D, Fischer R, Strate R, et al. Mortality associated with pelvic fractures. Surgery 1978;84:356-62.

[2] McMurtry R, Walton D, Dickinson D, et al. Pelvic disruptions in the polytraumatized patient: a management protocol. Clin Orthop 1980;151:22-30.

[3] Cryer H, Miller F, Evers B. Pelvic fracture classification: correlation with hemorrhage. J Trauma 1988;28:973-80.

[4] Gruen GS, Leit ME, Gruen RJ, et al. The acute management of hemodynamically unstable multiple trauma patients with pelvic ring fractures. J Trauma 1994;36:706-13.

[5] Evers BM, Cryer HM, Miller FB. Pelvic fracture hemorrhage. Arch Surg 1989;124:422-4.

[6] Burgess AR, Eastridge BJ, Young WR, et al. Pelvic ring disruptions: effective classification system and treatment protocols. J Trauma 1990;30:848-56.

[7] Hamill J, Holden A, Paice R, et al. Pelvic fracture pattern predicts pelvic arterial haemorrhage. Aust N Z J Surg 2000;70:338-43.

[8] Heare MM, Heare TC, Gillespy T. Diagnostic imaging of pelvic and chest wall trauma. Radiol Clin North Am 1989;27:873-89.

[9] Dalinka MK, Arger P, Coleman B. CT in pelvic trauma. Orthop Clin North Am 1985;16:471-80.

[10] Brasel KJ, Pham K, Yang H, et al. Significance of contrast extravasation in patients with pelvic fracture. J Trauma 2007;62:1149-52.

[11] Pereira SJ, O'Brien DP, Luchette FA, et al. Dynamic helical computed tomography scan accurately detects hemorrhage in patients with pelvic fracture. Surgery 2000;128:678-85.

[12] Yoon W, Kim JK, Jeong YY, et al. Pelvic arterial hemorrhage in patients with pelvic fractures: detection with contrast-enhanced CT. Radiographics 2004;24:1591-605.

[13] Heetveld MJ, Harris I, Schlaphoff G, et al. Guidelines for the management of haemodynamically unstable pelvic fracture patients. ANZ J Surg 2004;74:520-9.

[14] Fangio P, Asehnoune K, Edouard A, et al. Early embolization and vasopressor administration for management of life-threatening hem-orrhage from pelvic fracture. J Trauma 2005;58:978-84.

[15] Balogh Z, Caldwell E, Heetveld M, et al. Institutional practice guidelines on management of pelvic fracture-related hemodynamic instability: do they make a difference? J Trauma 2005;58:778-82.

[16] Miller PR, Moore PS, Mansell E, et al. External fixation or arteriogram in bleeding pelvic fracture: initial therapy guided by markers of arterial hemorrhage. J Trauma 2003;54:437-43.

[17] Brian JE, Adam S, Joseph PM, et al. The importance of fracture pattern in guiding therapeutic decision-making in patients with hemorrhagic shock and pelvic ring disruptions. J Trauma 2002;53:446-51.

[18] Fu CY, Wu SC, Chen RJ, et al. Evaluation of pelvic fracture stability and the need for angioembolization: pelvic instabilities on plain film have an increased probability of requiring angioembolization. Am J Emerg Med 2009;27:792-6.

[19] Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin therapy in the critically ill patients. N Engl J Med 2001;345:1359-67.




[20] Christiansen C, Toft P, Jorgensen HS, Andersen SK, Tønnesen E. Hyperglycaemia and mortality in critically ill patients. A prospective study. Intensive Care Med 2004;30:1685-8.

[21] Jeremitsky E, Omert LA, Dunham CM, Wilberger J, Rodriguez A. The impact of hyperglycemia on patients with severe brain injury. J Trauma 2005;58:47-50.

[22] Kinoshita K, Kraydieh S, Alonso O, Hayashi N, Dietrich WD. Effect of posttraumatic hyperglycemia on contusion volume and neutrophil accumulation after moderate fluid-percussion brain injury in rats. J Neurotrauma 2002;19:681-92.

[23] Thorell A, Nygren J, Ljungqvist O. Insulin resistance: a marker of surgical stress. Curr Opin Clin Nutr Metab Care 1999;2:69-78.

[24] McCowen KC, Malhotra A, Bistrian BR. Stress-induced hyperglyce-mia. Crit Care Clin 2001;17:107-24.

[25] Young JW, Burgess AR, Brumback RJ, et al. Pelvic fractures: value of plain radiography in early assessment and management. Radiology 1986;160:445-51.

[26] Mucha P, Welch TJ. Hemorrhage in major pelvic fractures. Surg Clin North Am 1988;68:757-73.

[27] Advanced trauma life support, 8th ed. Chicago, IL: Committee on Trauma. American College of Surgeons; 2008.

[28] Blackmore CC, Jurkovich GJ, Linnau KF, et al. Assessment of volume of hemorrhage and outcome from pelvic fracture. Arch Surg 2003;138: 504-8.

[29] Friese RS, Malekzadeh S, Shafi S, et al. Abdominal ultrasound is an unreliable modality for the detection of hemoperitoneum in patients with pelvic fracture. J Trauma 2007;63:97-102.

[30] Davis JW, Kaups KL. Base deficit in the elderly: a marker of severe injury and death. J Trauma 1998;45:873.

[31] Davis JW, Parks SN, Kaups KL, et al. Admission base deficit predicts transfusion requirements and risk of complications. J Trauma 1996;41: 769.

[32] Rutherford EJ, Morris Jr JA, Reed GW, et al. Base deficit stratifies mortality and determines therapy. J Trauma 1992;33:417.

[33] McNelis J, Marini CP, Jurkiewicz A, et al. Prolonged lactate clearance is associated with increased mortality in the surgical intensive care unit. Am J Surg 2001;182:481-5.

[34] Bochicchio GV, Salzano L, Joshi M, et al. Admission preoperative glucose is predictive of morbidity and mortality in trauma patients who require immediate operative intervention. Am Surg 2005;71:171-4.

[35] Kreutziger J, Schlaepfer J, Wenzel V, et al. The role of admission blood glucose in outcome prediction of surviving patients with multiple injuries. J Trauma 2009;67:704-8.

[36] Grimble RF. Inflammatory status and insulin resistance. Curr Opin Clin Nutr Metab Care 2002;5:551-9.

[37] Marette A. Mediators of cytokine-induced insulin resistance in obesity and other inflammatory settings. Curr Opin Clin Nutr Metab Care 2002;5:377-83.

[38] Wolfe RR, Durkot MJ, Allsop JR, Burke JF. Glucose metabolism in severely burned patients. Metabolism 1979;28:1031-9.

[39] Wolfe RR, Herndon DN, Jahoor F, Miyoshi H, Wolfe M. Effect of severe burn injury on substrate cycling by glucose and fatty acids. N Engl J Med 1987;317:403-8.

