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Abstract
BACKGROUND
Assessment of the vascular status following limb fracture in children is important to evaluate the risk of compartment syndrome, which is an emergency condition.

AIM
To establish a simple and efficient grading scale of limb perfusion in children undergoing surgery for limb fracture.

METHODS
This retrospective study included pediatric patients with a limb fracture and postoperative plaster fixation who were admitted at The Department of Pediatric Orthopedics of Xinhua Hospital between February 2017 and August 2017. The outcome was poor limb perfusion, which is defined as the postoperative use of mannitol. The children were divided into two groups: The normal perfusion group and the poor perfusion group. Key risk factors have been selected by univariable analyses to establish the Grading Scale for Vascular Status.

RESULTS
A total of 161 patients were included in the study: 85 in the normal perfusion group and 76 in the poor perfusion group. There were no significant differences in age, sex, body mass index, ethnicity, cause of fracture, fixation, or site of fracture between the two groups. After surgery, the skin temperature (P = 0.048) and skin color (P < 0.001) of the affected limb were significantly different between the two groups. The relative risk and 95% confidence interval for skin temperature of the affected limb, skin color, and range of motion of the affected limb are 2.18 (1.84-2.59), 2.89 (2.28-3.66), and 2.16 (1.83-2.56), respectively. The grading scale was established based on those three factors (score range: 0-3 points). Forty-one patients (32.5%) with score 0 had poor limb perfusion; all patients with scores 1 (n = 32) and 2 (n = 3) had poor limb perfusion (both 100%).

CONCLUSION
In children undergoing surgery for limb fracture, a higher Grading Scale for Vascular Status score is associated with a higher occurrence of poor limb perfusion. A prospective study is required for validation.
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Core Tip: The assessment of the vascular status following limb fracture in children is important to evaluate the risk of compartment syndrome, which is an emergency condition. This study aims to establish a simple and efficient grading scale system of limb perfusion in children undergoing surgery for limb fracture, the Grading Scale for Vascular Status (GSVS). The results strongly suggest that in children undergoing surgery following limb fracture, a higher GSVS score is associated with a higher occurrence of poor limb perfusion. A prospective study is required for validation, but GSVS could help prevent compartment syndrome in children after limb fracture.

INTRODUCTION
Fractures in children are common, with an incidence of about 137-201 per 10000 person-years[1-3]. The most common fracture sites are the limbs, and the most common mechanism is falling[1-3]. In addition, children are encouraged to practice physical activities to promote their health and normal development[4,5]. Many countries face epidemics of pediatric obesity and type 2 diabetes[6], and measures are being taken to encourage physical activity. This leads to an increase in the occurrence of fractures in children, and 39% of fractures in children are caused by sports and physical activities[1,7,8]. For example, the injury rate of soccer may reach 75.8 injuries per 1000 play hours[9]. Most fractures in children are treated at the outpatient clinic, but one in 18 cases is more serious and requires hospitalization[2]. Most fractures in children heal relatively fast and uneventfully[10].
Poor limb perfusion is a possible and severe complication following pediatric limb fracture[10,11]. Poor limb perfusion is caused by injured soft tissues that compress arteries and veins[12,13]. It is found in 20% of humeral fractures[12]. If not identified and not managed promptly, patients may experience hypoperfusion or venous return obstruction and present with a series of physiological or pathological changes, such as pain, swelling, and pale skin[10,11]. In severe cases, it may lead to compartment syndrome, acute avascular necrosis of the nerves or muscles and even deformity and disability[14,15]. Acute compartment syndrome is caused by increased pressure in compartments enclosed by fascia that give them a limited capacity to stretch before tissue injury ensues[14,15]. It is considered a surgical emergency[14,15]. Tibial fractures are the most common cause of compartment syndrome after fracture[14,15].
Mannitol is routinely used in patients with poor limb perfusion in China. The prompt use of mannitol reduces the risk of limb injury[16]. As children may have limited abilities of expression, the presence or absence of poor limb perfusion is judged by the caregiver (e.g., a physician, a nurse, or a family member) through close observation of the affected limb[15,17,18]. Currently, there is no grading scale for the caregiver to refer to when assessing the vascular status of a limb in children undergoing surgery for limb fracture.
Therefore, the aim of this retrospective study is to establish a simple and efficient grading scale of limb perfusion in children undergoing surgery for limb fracture. The scale could function as an early alert system for poor limb perfusion. The present study provides some clinical evidence for the use of this scale as an early observation system dedicated to the caregivers, facilitating decision-making and improving the prognosis of the injured children.

MATERIALS AND METHODS
Patients
This retrospective study included pediatric patients with limb fractures who were admitted at the Department of Pediatric Orthopedics of Xinhua Hospital between February 2017 and August 2017. The study protocol was approved by the ethics committee of Xinhua Hospital. The need for individual consent was waived by the committee.
The inclusion criteria were: (1) 0-14 years of age; (2) limb fracture confirmed by X-ray and managed by open reduction internal fixation (Kirschner wire or plate); (3) postoperative cast fixation; and (4) hospital stays > 3 d. The exclusion criteria were: (1) Confirmed diagnosis of nerve injury, already leading to sensory or motor dysfunction; (2) non-limb fracture or any organic disease; or (3) incomplete data.

Data collection and definition
Patients’ baseline data (including age, sex, fracture type, skin temperature, skin color, degree of swelling, arterial pulsation, laboratory results, imaging results, treatment methods, and fixation methods) and postoperative occurrence of poor limb perfusion (use of mannitol) were collected.
The skin temperature of the affected limb was measured at admission, every 1 h within 6 h after surgery, and daily from the first day after surgery. It was considered normal if it was similar to or 1-2 °C lower than the healthy limb. Skin temperature of the affected limb lower by ≥ 3 °C indicated poor perfusion. The normal color of the skin should be red, pink, or similar to that of the healthy limb. Skin color of the distal limb turning pale indicated an ischemic state, possibly due to arterial spasm or embolism. Arterial pulse and degree of swelling were judged by observation and experience. The limb arterial pulse could be normal or absent/weak. Swelling could be present or absent. The degree of self-perceived pain was evaluated.

Outcome
In this study, the outcome was poor limb perfusion, which is defined as the postoperative use of mannitol and evaluated at admission, every 1 h within 6 h after surgery, and daily from the first day after surgery. The children were divided into the normal perfusion group and the poor perfusion group.

Statistical analysis
The continuous variables were tested for normal distribution using the Kolmogorov-Smirnov test. Continuous variables were presented as means ± standard deviation and analyzed using the Student t-test (normal distribution) or as medians (interquartile range) and analyzed using the Mann-Whitney U test (skewed distribution). Categorical variables were expressed as numbers (%) and analyzed using the chi-square test or Fisher’s exact test, as appropriate. The key risk factors have been selected by univariable analyses to establish the Grading Scale for Vascular Status (GCVS). P values ≤ 0.05 indicate statistically significant differences.

RESULTS
Characteristics of the patients
A total of 161 children were included: 85 in the normal perfusion group and 76 in the poor perfusion group. The median age of the normal and poor perfusion groups was 6.3 (3.9, 8.7) vs 6.7 (5.1, 9.0) years. There were 55 (52.9%) and 49 (47.4%) males in the normal and poor perfusion groups. There were no significant differences in age, sex, body mass index, ethnicity, cause of fracture, fixation, or site of fracture between the two groups (Table 1). After surgery, the skin temperature of the affected limb (P = 0.048) and skin color (P < 0.001) were significantly different between the two groups.

Factors associated with poor limb perfusion
Based on their potential clinical value, three factors were selected (Table 2). The relative risk (RR) and 95% confidence intervals (CI) for skin temperature of the affected limb, skin color, and range of motion of the affected limb were 2.18 (1.84, 2.59), 2.89 (2.28, 3.66), and 2.16 (1.83, 2.56), respectively. A scoring system was built using those three factors (Table 3).

GCVS and occurrence of the outcome
The total GCVS of each patient was calculated. The range of the score was 0-3. There were 126 patients with score 0, 32 with score 1, and three with score 2. Among them, 41 (32.5%) with score 0 had poor limb perfusion; all patients with scores 1 and 2 had poor limb perfusion (both 100%, Table 4).
According to the results listed in Table 3, the scores were divided as low-risk (score: 0) and high-risk (score: ≥ 1). Poor limb perfusion is observed in 32.5% of the patients at low risk and in 100% of those at high risk (Figure 1).

DISCUSSION
Assessment of the vascular status following limb fracture in children is important to evaluate the risk of compartment syndrome, which is an emergency condition. Therefore, the present study aims to establish a simple and efficient grading scale of limb perfusion in children undergoing surgery for limb fracture. The results suggest that in children undergoing surgery for limb fracture, a higher GCVS score is associated with a higher occurrence of poor limb perfusion. A prospective study is required for validation.
If not diagnosed and managed in time, poor limb perfusion may lead to hypoperfusion or venous return obstruction and eventually to compartment syndrome, which may have dire consequences[10,11,14,15]. Poor limb perfusion has been reported in about 2%-20% of humeral fractures[12,19-21]. The occurrence of lower limb malperfusion appears to be lower (4%-7%)[22]. In the present study, poor limb perfusion was observed in 46% of the patients with humeral fractures, 45% of those with radius/ulna fractures and 66.7% of those with tibia/fibula fractures. Those rates are different from those reported in the literature, but the discrepancies could be due to a number of factors, including the criteria for malperfusion and local practice. At our center, mannitol is used to decrease tissue edema and alleviate reperfusion injury[23-25]. Because mannitol must be prescribed and is therefore indicated in the medical charts, it is a more reliable criterion than the physicians' and nurses' more or less objective descriptions.
The aim of the present study was indeed to determine an objective scoring system that could indicate the likeliness of developing poor limb perfusion after a pediatric fracture. In the present, a three-point score based on skin temperature of the affected limb, skin color, and range of motion of the affected limb showed that those with none of those factors had a lower occurrence of low limb perfusion (33%), while those with at least one of those factors had a 100% likelihood of having low limb perfusion. A recent review pointed out that there is currently no consensus about the symptoms and signs of poor limb perfusion[12]. Nevertheless, this review indicates that color, temperature, and edema should be assessed[12], while there is no evidence that the 2-s capillary refill is a valid assessment of perfusion[26]. Low skin temperature is thought to indicate poor limb perfusion[27]. Angiography is a gold standard for perfusion, but many authors consider that it will unnecessarily delay the definitive treatment[13,28]. Similar controversies exist for pulse oximetry and Doppler ultrasound[13]. Therefore, the scoring system suggested here could be of value for the evaluation of fractured limb in children because it can easily and rapidly be carried out on the bedside or in the evaluation room and identify patients with a higher risk of having low limb perfusion. The existing scoring systems evaluate the salvageability of limbs after trauma, but they are not specific to open fractures and to low limb perfusion[29]. The present study innovates by suggesting a scoring system for that specific situation in children.
Of course, the present study has limitations. It is a retrospective study, and the data that could be analyzed are limited to those available in the medical charts. In addition, the patients were from a single center, and the resulting sample size was small. The outcome was based on mannitol administration, not on a formal diagnosis. Finally, no validation of the scoring system was done, which will have to be carried out in future studies.

CONCLUSION
In conclusion, for children undergoing surgery for limb fracture, a higher GCVS score is associated with a higher occurrence of poor limb perfusion. A prospective study is required for validation.

ARTICLE HIGHLIGHTS
Research background
Children are encouraged to practice physical activities to promote their health and normal development. Fractures in children are common, with an incidence of about 137-201 per 10000 person-years. Poor limb perfusion is a possible and severe complication following pediatric limb fracture. If not identified and not managed promptly, patients may experience hypoperfusion or venous return obstruction and present with a series of physiological or pathological changes such as pain, swelling, and pale skin. In severe cases, it may lead to compartment syndrome, acute avascular necrosis of the nerves or muscles, and even deformity and disability.

Research motivation
The assessment of the vascular status following limb fracture in children is important to evaluate the risk of compartment syndrome, which is an emergency condition.

Research objectives
To establish a simple and efficient grading scale of limb perfusion in children undergoing surgery for limb fracture.

Research methods
This retrospective study included pediatric patients with a limb fracture and postoperative plaster fixation who were admitted at The Department of Pediatric Orthopedics of Xinhua Hospital between February 2017 and August 2017. The outcome is poor limb perfusion, which is defined as the postoperative use of mannitol. The children were divided into the normal perfusion group and the poor perfusion group. The key risk factors were selected by univariable analyses to establish the Grading Scale for Vascular Status (GCVS).

Research results
A total of 161 patients were included in the study: 85 in the normal perfusion group and 76 in the poor perfusion group. There were no significant differences in age, sex, body mass index, ethnicity, cause of fracture, fixation, or site of fracture between the two groups. After surgery, the skin temperature of the affected limb (P = 0.048) and skin color (P < 0.001) were significantly different between the two groups. The relative risk and 95% confidence interval for skin temperature of the affected limb, skin color, and range of motion of the affected limb were 2.18 (1.84-2.59), 2.89 (2.28-3.66), and 2.16 (1.83-2.56), respectively. The grading scale was established based on those three factors (score range: 0-3 points). Forty-one patients (32.5%) with score 0 had poor limb perfusion; all patients with scores 1 (n = 32) and 2 (n = 3) had poor limb perfusion (both 100%).

Research conclusions
In children undergoing surgery for limb fracture, a higher GCVS score is associated with a higher occurrence of poor limb perfusion. A prospective study is required for validation.

Research perspectives
The patients are from a single center, and the resulting sample size is small. The outcome is based on mannitol administration, not on a formal diagnosis. No validation of the scoring system was done. These issues will have to be addressed in future studies.
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Figure 1 Occurrence of the outcome according to each risk level. Incidence rates of the outcome: Low-risk, 41 (32.5%); High-risk, 35 (100%).

Table 1 Characteristics of the patients
	
	Normal perfusion, n = 85
	Poor perfusion, n = 76
	P value

	Age in yr
	
	
	0.532

	mean ± SD
	6.7 ± 3.2
	6.8 ± 2.9
	

	Median (IQR)
	6.3 (3.9, 8.7)
	6.7 (5.1, 9.0)
	

	Age stratification in yr, n (%)
	
	
	0.898

	≤ 3
	12 (14.1)
	10 (13.2)
	

	3-6
	28 (32.9)
	23 (30.3)
	

	> 6
	45 (53.0)
	43 (56.6)
	

	Sex, n (%)
	
	
	0.975

	Female
	30 (35.3)
	27 (35.5)
	

	Male
	55 (64.7)
	49 (64.5)
	

	BMI in kg/m2
	
	
	0.978

	mean ± SD
	17.4 ± 3.3
	17.5 ± 3.4
	

	Median (IQR)
	16.6 (15.2, 18.8)
	16.5 (15.2, 18.8)
	

	BMI-for-age, z score
	
	
	0.939

	mean ± SD
	0.75 ± 1.79
	0.64 ± 1.31
	

	Median (IQR)
	0.49 (-0.37, 1.81)
	0.52 (-0.32, 1.58)
	

	≥ 1, n (%)
	31 (36.5)
	28 (36.8)
	0.961

	< 1, n (%)
	54 (63.5)
	48 (63.2)
	

	Ethnicity, n (%)
	
	
	1

	Han
	84 (98.8%)
	75 (98.7%)
	

	Other
	1 (1.2%)
	1 (1.3%)
	

	Cause of fracture, n (%)
	
	
	0.422

	Fall
	82 (96.4)
	72 (94.7)
	

	Hit
	2 (2.4)
	4 (5.3)
	

	Falling
	1 (1.2)
	0
	

	Method of postoperative fixation, n (%)
	
	
	

	Tubular plaster
	83 (97.6)
	76 (100.0)
	0.498

	Non-tubular plaster
	2 (2.4)
	0
	

	Site of fracture, n (%)
	
	
	0.26

	Radius or ulna
	21 (24.7)
	17 (22.4)
	

	Humerus
	57 (67.1)
	49 (64.5)
	

	Tibia or fibula
	5 (5.9)
	10 (13.2)
	

	Femur
	2 (2.4)
	0
	

	Degree of self-perceived pain, score, n (%)
	
	
	1

	1
	3 (5.3)
	3 (5.2)
	

	2
	53 (93.0)
	54 (93.1)
	

	3
	1 (1.8)
	1 (1.7)
	

	Maximum oxygen saturation of the affected limb among the six follow-ups, n (%)
	
	0.248

	≥ 95%
	82 (96.5)
	76 (100.0)
	

	90%-95%
	3 (3.5)
	0
	

	< 90%
	0
	0
	

	Skin temperature of the affected limb, n (%)
	
	
	0.048

	Like the healthy contralateral limb
	85 (100.0)
	72 (94.7)
	

	Different from the healthy contralateral limb
	0
	4 (5.3)
	

	Skin color, n (%)
	
	
	< 0.001

	1 = Red
	85 (100.0)
	45 (59.2)
	

	2 = Dark red
	0 
	31 (40.8)
	

	Degree of swelling of the affected limb, n (%)
	
	
	1

	1 = No
	1 (1.2)
	0
	

	2 = Presence of mild skin texture
	84 (98.8)
	76 (100.0)
	

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Range of motion of the affected limb, n (%)
	
	
	0.103

	2 = Mildly restrained
	85 (100.0)
	73 (96.1)
	

	3 = Restrained with numbness
	0
	3 (3.9)
	

	Arterial pulsation, n (%)
	
	
	

	1 = Present
	85 (100.0)
	76 (100.0)
	

	Degree of pain of the affected limb
	
	
	

	1 = Painless
	30 (35.3)
	19 (25.0)
	

	Capillary refill time, n (%)
	
	
	

	1 = 1-2 s
	85 (100.0)
	76 (100.0)
	

	2 = < 1 s
	0
	0
	

	3 = > 2-3 s
	0
	0
	　



BMI: Body mass index; IQR: Interquartile range; SD: Standard deviation. 

Table 2 Univariable analyses for factors associated with poor limb perfusion
	
	RR
	95%CI
	P value

	Skin temperature of the affected limb
	
	
	0.048

	Like the healthy contralateral limb
	1
	
	

	Different from the healthy contralateral limb
	2.181
	(1.840, 2.585)
	

	Skin color
	
	
	< 0.001

	1 = Red
	1
	
	

	2 = Dark red
	2.889
	(2.281, 3.659)
	

	Range of motion of the affected limb
	
	
	0.103

	2 = Mildly restrained
	1
	
	

	3 = Restrained with numbness
	2.164
	(1.829, 2.561)
	



CI: Confidence interval; RR: Relative risk.

Table 3 Grading scale based on the key risk factors
	Factor
	Score

	Skin temperature
	

	Like the healthy contralateral limb
	1

	Different from the healthy contralateral limb
	0

	Skin color
	

	Red
	0

	A color other than red
	1

	Range of motion of the affected limb
	

	Restrained with numbness
	1

	Restrained without numbness
	0




Table 4 Occurrence of the outcome according to each score
	Score
	Occurrence of the outcome

	0
	41/126 (32.5%)

	1
	32/32 (100%)

	2
	3/3 (100%)
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