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ABSTRACT 

Objective:  To present our experience and evaluate the safety of our approach for the management of 
children with a pulseless hand secondary to supracondylar fracture of the humerus (SHF). 

Methods:  A retrospective study was conducted at the vascular surgery department and orthopedic 
department at King Hussein Medical Center (KHMC).  

Pediatric patients that presented to ( KHMC) with (SHF) and a pulseless hand between April 2016 and 
April 2018 were included in the study. Data included the patients’ age, sex, time between trauma and 
presentation, signs of hand ischemia, resumption of pulses after fracture reduction, necessity for surgical 
exploration, type of vascular injury and intervention, outcomes of the vascular repair, and ischemic 
sequelae. 

 Results:   160 patients with SHF were admitted to KHMC during the study, of which 23 had an absent 
pulse. The age range of the patients was 3-14 years, (mean 6.3 years, SD 2.87).The time interval between 
the trauma and presentation to KHMC was 2-25 hours (mean 5.13 hours, SD 4.99). 5 of the 23 patients 
had signs of hand ischemia, 18 of the 23 had a pulseless but perfused hand. 

Overall, 19 of the patients 23 (82.6%) underwent brachial artery exploration; 5 of 19 (26.32%) 
underwent brachial thrombectomy; 6 of 19 (31.58%) underwent brachial artery mobilization followed by 
thrombectomy; 5 of 19 (26.32 %) underwent brachial artery repair using saphenous vein graft; and 3 of 
19 (15.78%) underwent stripping of the brachial artery adventitia followed by thrombectomy. 

There were no cases of amputation, fasciotomy, re-exploration, or long-term ischemic complications. 

Conclusion:   Early brachial artery exploration is recommended in padiatric patients with SHF and 
pulseless hand to prevent limb loss and debilitating long-term ischemic complications. 
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Introduction  
  Supracondylar fracture of the humerus (SHF) is a common childhood injury, accounting for up to 70% 
of all pediatric elbow fractures. 1, 2, 8,9,10, The incidence of vascular injury in pediatric SHF has been 
reported to range  between 3-14%.3,5,8  Brachial artery lesion may be secondary to various mechanisms, 
including entrapment in the fracture, transection , vasospasm, and contusion with  thrombus 
formation 5,6. If not detected and properly managed, brachial artery injury could lead to serious ischemic 
complications such as amputation and Volkmann’s contracture 1, 3, 9. 

 
From the department of: 
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Falling onto an outstretched hand with a hyperextended elbow is the most common mechanism of injury 
and usually results in displacement of the distal portion of the humerus.3, 10, 11. Neurovascular structures 
are in close proximity to the elbow joint and are vulnerable to injury in this type of fracture. 2, 4 

SHF in children are classified into three grades according to the Gartland classification which was 
presented in 1959, grade III being the most severe, and the most likely to be associated with vascular 
injury 4,5,12, .(Fig.1&2) show examples of grade III gartland fractures .  Complications of these fractures 
include infection, loss of fracture reduction, non-union, cubitus varus or valgus, and neurovascular 
injury.6, 7, 12 

 

                          

 

Fig .1: Gartland III SHF Fracture.                                                  Fig.2: Gartland III SHF Fracture after                                                                                 

                                                                                                                                     reduction and fixation. 

  

 The incidence of vascular injury in pediatric SHF has been reported to range  between 3-14%.3,5,8  
Brachial artery lesion may be secondary to various mechanisms, including entrapment in the fracture, 
transection , vasospasm, and contusion with  thrombus formation 5,6. If not detected and properly 
managed, brachial artery injury could lead to serious ischemic complications such as amputation and 
Volkmann’s contracture 1, 3, 9. 

Although immediate brachial artery exploration in the case of a pulseless, cold, ischemic hand is a 
widely accepted approach, the management of patients with a pulseless pink hand after successful 
fracture reduction and fixation continues to be debated and no clear  
therapeutic approach exists. The aim of this study was to describe our approach in the management of a 
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pulseless hand after grade III SHF in children. The primary end result was resumption of distal pulses 
after brachial artery exploration. 

 

 

Materials and Methods 

This is a retrospective study that was conducted at the vascular surgery department and orthopedic 
department in King Hussein Medical Center (KHMC), Amman- Jordan.  

The study included all pediatric patients who presented or were referred to KHMC with (SHF) and a 
pulseless hand between April 2016 and April 2018.  Data was collected from operation room records, 
patients’ records, and vascular laboratory records. Data included the patients’ age, sex, time interval 
between trauma and presentation, the presence of signs of hand ischemia, resumption of pulse after 
fracture reduction, the necessity for surgical exploration, type of vascular injury, type of vascular 
intervention, outcomes of vascular repair, and ischemic sequelae. 

The type of fracture was assessed by anteroposterior (AP) and lateral X-rays of the elbow before and 
after fracture reduction and was classified according to Gartland classification. 

All patients with a (SHF) and suspected vascular injury were assessed by a vascular surgeon in the 
emergency room and after reduction of the fracture.  This included assessment of hand pulse status 
(radial and ulnar pulses), hand color and temperature, capillary refill time, and arterial signals by hand-
held Doppler (HHD). 

Our approach was to proceed with immediate brachial artery exploration for patients with a pulseless 
cold ischemic hand.  Patients with a pulseless pink hand underwent closed reduction under fluoroscopy, 
followed by percutaneous fixation with Kirschner wires (K-wires). If the pulse did not return after 
fracture reduction, we proceeded with early brachial artery exploration (in the same session). 

For patients that needed arterial exploration (Those with ischemic hand or failure to resume pulse after 
fracture reduction), unfractionated heparin was given as a bolus dose according to body weight (80 IU 
/KG ) followed by a maintenance dose of  ( 18 IU /KG/H), with dose adjustment according to  the 
activated partial thromboplastin time(APTT) ; the target APTT was two times above its normal range of 
35–42 seconds .    

The standard incision was a longitudinal one over the anteromedial aspect of the elbow region. Arterial 
procedures which were performed included simple embolectomy, release from entrapment, and repair 
using vein interposition.                                                                                                                               
All surgeries were performed under general anesthesia with antibiotic prophylaxis.                                
All patients were followed monthly in the vascular surgery clinic for a minimum of six months. 

  Since this is a retrospective study, and data were already collected; we used a post hoc power analysis. 
A post hoc power analysis was conducted using the G Power software (Faul and Erdfelder 1992). We 
have done a post hoc power analysis based on the sample collected. The used sample (N=160) achieved 
99% power at a 5% level of significance with small effect (f 2 = .02) 

The statistical package for social sciences version 21 was used for analysis of the data. Mean and 
standard deviation values were calculated for numerical data such as age and time between trauma and 
presentation. Frequency and percentage values were calculated for the sex of the patients. 
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Result 

  During the study period, 160 patients with SHF were admitted to KHMC; 11 of them were referred 
from other hospitals owing to a pulseless hand.  

 Of the 160 patients, (87) patients had (Gartland type I or 11 fractures). None of those patients showed 
clinical evidence of vascular injury, so they were excluded from our study. The other 73 patients had 
Gartland III fracture (extension type), of which 23 had an absent pulse. Five of the 23 patients had signs 
of hand ischemia (pale, cold hand, delayed capillary refilling, absent waveform, and saturation on pulse 
oximetry). The other 18 patients had a pulseless but perfused hand. 

 In the study, 15 of the 23 patients (65.22 %) were males and 8 of the 23 patients (34.78 %) were 
females, with a male to female ratio of 1:1.87.  

The right side was affected in 14 of the 23 patients (60.87 %) whereas the left side was affected in 9 of 
the 23 (39.13%) patients (Table 1). 

 

 

Table I:Demographics of the Included Population (in percent). 

Feature n= 23 Total records % 

Gender   

Male 15 65.22% 

Female 8 34.78% 

Signs of hand ischemia   

Present 5 21.74 

Not Present 18 78.26 

Affected Hand   

Right hand 14 60.87 

Left hand 9 39.13 

Gartland type   

Type I 0 0% 

Type II 0 0% 

Type III 23 100% 

Absent pulse   

Yes 23 100% 

No 0 0% 
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The age range was 3 -14 years with a mean of 6.3 years (SD 2.87). The time interval between the trauma 
and presentation was 2-25 hours with a mean of 5.13 hours (SD 4.99), as summarized in Table II. 

 

 

 

 

 

 

 

Table II:Descriptive Statistics of the Patients’ Records (n = 23)  

Feature Mean Standard deviation (SD)* 

Age 6.30 2.87 

Time between trauma and presentation 5.13 4.99 

*SD:Standard deviation. 

 

  The 5 patients who presented with ischemic hand underwent immediate brachial artery exploration 
before fracture reduction to minimize the ischemia time and avoid any further arterial damage during 
fracture reduction. Two of them had an entrapped and kinked brachial artery with intraluminal thrombus; 
mobilization followed by thrombectomy was sufficient to resume a normal pulse. One patient had a 
complete transaction of the brachial artery, which was repaired by a reverse saphenous vein interposition 
graft. The remaining two patients had a thrombosed brachial artery with mild contusion; thrombectomy 
was performed, which resulted in successful resumption of normal distal pulses (Fig 3&4). 
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Fig.3: Thrombosed brachial artery.                                                 Fig.4:Brachial artery thrombectomy using 

                                                                        fogarty Catheter .                                

                                                                                     

                                                   

 Fracture reduction and fixation was performed in the same setting after arterial procedure. All 5 patients 
had a palpable radial pulse at the completion of the surgery. 

The 18 patients with a pulseless but perfused hand underwent closed reduction and fixation of the 
fracture by Kirshner wires. After fracture reduction, the pulses resumed in 4 patients. Those 4 patients 
underwent a duplex scan the next day, which confirmed the patency of the brachial, radial and ulnar 
arteries with a normal triphasic waveform. 

The remaining 14 patients underwent brachial artery exploration in the same anesthesia setting.  The 
intraoperative findings were brachial artery contusion with intraluminal thrombus in 5 patients, brachial 
artery entrapment and kinking in 4 patients, adventitial hematoma with an arterial spasm in 3 patients, 
and transection of the brachial artery in 2 patients. Of the 5 patients with contused and thrombosed 
brachial artery segment, 3 had resumption of radial pulse after simple brachial thrombectomy with 
smooth triphasic signals by the handheld Doppler. The other 2of the 5 patients needed replacement of the 
contused segment by reverse great saphenous vein graft because the injured brachial artery segment was 
severely damaged and thrombogenic. Normal distal pulses were resumed in all of them. 

The four patients with arterial kinking underwent release of the artery followed by thrombectomy, with 
the resumption of distal pulses in all of them. The 3 patients with adventitial hematoma and spasm 
underwent partial stripping of the adventitia and thrombectomy to dilate the artery and relieve the spasm; 
all of them had palpable distal pulses at the completion of surgery. 

The remaining two patients with brachial artery transection underwent successful repair using saphenous 
vein interposition because primary anastomosis was not feasible without excessive mobilization and 
potential loss of precious collaterals. The intraoperative findings and surgical procedures are summarized 
in Tables III, IV &V. 

Table III :  

Necessity for surgical exploration. 

Necessity for surgical exploration n= 23 Total records % 

   

Brachial artery exploration after fracture 
reduction.  

14 60.87% 

Immediate brachial artery exploration 5 21.74% 

Exploration was not needed 4 17.39% 

 

 

Table IV: Types of vascular injurie ( Intraoperative findings). 

      Type of vascular injury n= 19 Total records% 
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      Brachial artery entrapment and kinking.  6 31.58% 

      Adventitial hematoma with an arterial spasm. 3 15.79% 

      Have thrombosed brachial artery with  contusion. 7 36.84% 

      Transection of the brachial artery . 3 15.79% 

 

 

 

 

 

 

 

 

TableV: Types of vascular interventions. 

  

Type of vascular intervention n= 19 Total records % 

Thrombectomy                                                                                                       5 26.32% 

Mobilization followed by thrombectomy 6 31.58% 

 Reversed saphenous vein graft 

Adventitial stripping and thrombectomy 

5 

3 

26.32% 

15.78% 

 

 

   All patients were started on heparin infusion immediately after surgery for the whole in-patient period. 
All patients were discharged on aspirin for a minimum of three months with regular follow up in the 
vascular surgery clinic for a minimum of 6 months. None of the patients had ischemic complications or 
needed any further intervention. 

                                       

Discussion 

The purpose of this study was to describe our policy for the management of a pulseless hand after 
gartland type III SHF in children. Gartland type III SHF in children associated with vascular 
compromise should be considered as a surgical emergency. 2,9,11 
Early surgical exploration of the cubital fossa before fracture reduction in patients with signs of 
acute ischemia is strongly recommended to minimize the ischemia time and avoid further arterial 
injury during the manipulation for fracture reduction. 9, 10, 13 
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The incidence of vascular injury in our study was 14.4 %. The diagnosis of vascular compromise 
was based on a clinical assessment because any other diagnostic tool would prolong the ischemia 
time, with added risks of radiation exposure and contrast agent toxicity. 

We adopted immediate brachial artery exploration in a pulseless ischemic hand and early brachial 
artery exploration in all patients who did not resume distal pulses after fracture reduction in a pink 
perfused hand. 

The management of a pink perfused pulseless hand in SHF in terms of vascular exploration is 
controversial, and consensus has not been established yet 1, 4, 10-16, 19. 

According to the literature, several approaches have been proposed for the management of a pink 
pulseless hand. Some authors advise early brachial artery exploration  and repair if distal pulses did 
not resume immediately or shortly  after fracture  reduction, even if the hand was pink and well-
perfused  14-18.White et al.14 performed a systematic review of the  literature for relevant studies of 
vascular injuries in  pediatric SHFs  and concluded that  conservative management  of pulseless and 
perfused hand needs to be questioned in the majority of published studies, because an absent  pulse was 
associated with brachial artery injury in the majority of cases, even if the hand was pink and perfused. 
Moreover, outcomes of revascularization procedures were associated with high success rates, making 
this intervention worthwhile. Schoenecker et al. 15 reported their experience in early brachial artery 
exploration in seven patients that had a pulseless pink hand after SHF reduction. The patients were 
followed for an average of 30 months; all seven patients had normal perfusion status, including a radial 
pulse. Noaman 16  reported his experience with microsurgical repair of brachial artery injury in 31 
pediatric patients with SHF who had an absent distal pulse after fracture reduction; 30 of the patients had 
excellent functional and perfusion status ,whereas one patient had Volkmann’s ischemic contracture that 
was subsequently treated  by free functioning gracilis muscle transfer. 

Blakey et al. 19, reported serious ischemic complications (Volkmann’s contracture) in 23 of 
26 patients with type III SHF with a pink, pulseless and well-perfused hand that were initially treated by 
closed reduction without arterial exploration.The patients were referred to their institution at a mean 
period of three months after fracture. They recommended urgent neurovascular exploration in a pink 
pulseless hand after fracture reduction in all patients that have persistent and increasing pain, which is 
predictive of neurovascular injury. 

Observation is also the treatment of choice for many authors 20-24. They prefer this approach because 
targeted vessels are often small in diameter and may require microsurgical expertise for reconstruction. 
Furthermore, brachial artery exploration   may cause injury to collateral vessels that are important to 
maintain a viable limb, and there is significant risk of symptomatic re-occlusion and stenosis 22. 

Louahem et al.5 recently   published their experience, in which they reviewed 68 patients with pink 
pulseless hands among 404 Gartland III cases; they adopted urgent fracture reduction followed by 
close observation for hand perfusion and if any signs of ischemia or compartment syndrome 
develops. Immediate vascular exploration was performed only if signs of circulation disturbances 
developed. They concluded that a pulseless hand is not a strong indicator of arterial injury when the 
hand is perfused and warm. 

Garbuz et al. 20 reported their experience with 5 patients that had a pink pulseless hand after fracture 
reduction, who were treated conservatively; none of the patients had any problems at the final 
review. 

Malviya et al. 21 performed a review questionnaire study of pediatric orthopedic surgeons, which 
revealed that only 16.1% of surgeons would proceed to exploration of vessels if pulses remained 
absent after fracture reduction. 
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Our study showed that early brachial artery exploration is a safe approach. This practice was only 
possible because of the round-the clock availability of experienced vascular surgeons. In addition, 
this approach prevented the need for fasciotomy and decreases the possibility of long-term ischemic 
sequelae such as Volkmann’s ischemic contracture. 

 

Conclusions 

The absence of a distal pulse in children with SHF is strongly associated with brachial artery injury even 
if the hand is well-perfused. Early brachial artery exploration is recommended to prevent limb loss and 
debilitating long-term ischemic complications. 
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