International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

Arterial Injuries in Children with Supracondylar
Fracture of the Humerus - Our Institutional
Experience

Dr. K Sudhakar Rao!, Dr. Harivadan Lukka?, Dr. Manitha Kondru®, Dr. K Sivananda*
Professor, Department of CTVS, SVIMS

2Associate Professor, Department of CTVS, Andhra Medical College, Visakhapatnam
Corresponding Author Email: dr_harivadan[at]yahoo.com

®Associate Professor, Department of CTVS, Andhra Medical College, Visakhapatnam

*Professor, Department of Orthopedics, Andhra Medical College, Visakhapatnam

Abstract: Objective: To share our experience regarding the management of arterial injuries in children with pulseless hand secondary
to supracondylar fracture of the humerus (SFH). Patients and Methods: All consecutive children with pulseless hands after SFH who
were being treated in the cardiothoracic and vascular surgery department, Andhra Medical College, Visakhapatnam during the year
2016-2021 were included. The type of fracture, mode and pattern of injury, time from injury to definitive treatment, operative treatment,
and complications were recorded. Results: There were 55 [82% (n=45) male and 18% (n=10) female] patients with pulseless hand and
SFH [Gartland type 111: 18% (n=10) and 1V: 82% (n=45)]. The hand was cold in 38.1% (n=21) patients and warm in 61.8% (n=34).
The most common mode of injury was accidental fall [45% (n=25)], and the mean time from injury to presentation was 4+2.5 hours
(meanzstandard deviation). Overall, 71% (n=39) patients underwent vascular reconstruction: autologous interposition venous grafting
was performed in 49% (n=19) and segmental resection and primary anastomosis in 25% (n=10) of the cases. There were no cases with
amputation, fasciotomy, re-exploration, or long-term ischemic sequel. Conclusion: Immediate vascular exploration is the treatment of
choice for cold, pulseless hand. A similar approach should be adopted for warm, pulseless hand if there is no immediate return of pulse.
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1. Introduction

Displaced supracondylar fracture of the humerus (SFH) in
children is commonly associated with vascular insult in the
form of absent distal pulses (1-3). In such cases, the limb
can be cold and cyanotic or warm and pink despite the loss
of pulse. The vascular injury is a priority over the treatment
of the fracture itself in such cases. Immediate exploration of
the cold cyanotic limb is the treatment of choice for most
surgeons (4-7). However, the treatment of pink, warm,
pulseless limb is still under debate. Such injuries are often
managed conservatively (3-5); however, some researchers
have also recommended early aggressive surgical
intervention to prevent limb loss and serious long-term
complications such as Volkmann’s ischemic contracture
(8,9). Few studies have assessed the management strategies
with conflicting results. Therefore, we conducted this study
to review the current trends in the management of such
vascular injuries associated with SFH.

Patients and Methods

The data of all consecutive patients aged 0-16 years with
traumatic SFH who visited the department of cardiothoracic
and vascular surgery, Andhra Medical College,
Visakhapatnam during the year 2016-2021 were included.
All patients underwent X-ray examination of the elbow in
both the anteroposterior and lateral views at the time of
presentation and again after the reduction. The fractures
were classified according to the Gartland classification
modified by Leitch (10). Their demographic characteristics,
time between injury and presentation, type of fracture,

presence or absence of clinical features of acute limb
ischemia, type of management (conservative or operative),
outcomes, and complications were recorded. Furthermore,
the presence or absence of brachial, radial, and ulnar pulses;
capillary refill time in the index finger pulp; and oxygen
saturation using pulse oximeter were recorded in all patients.
Those patients who required surgical exploration received an
intravenous bolus dose of 75 units per kilogram (kg) of
unfractioned heparin followed by continuous infusion at a
rate of 25 units per kg per hour. Patients were operated
under general anesthesia with full heparinization and
antibiotic prophylaxis. Retrograde embolectomy was
performed, if required. Pre-operatively, the vessels were
flushed with heparinized saline. The damaged segment of
the brachial artery was resected and autologous reverse
venous interposition graft was placed to restore vascular
continuity. Postoperatively, heparin infusion was continued
at a dose of 25 units per kg per hour to maintain the partial
thromboplastin time value at two times above its normal
limit of 35-42 seconds for initial 48 hours. Anticoagulation
was continued at a standard dose of subcutaneous
enoxaparin (1 mg per kg twice daily) for the next 5 days.
Regular monthly follow-ups were conducted for 6 months.
Data were entered into the statistical package for social
sciences version 21. Mean and standard deviation values
were calculated for numerical data such as age and hospital
stay. Frequency and percentage values were calculated for
Sex.
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2. Results

Overall, 312 consecutive patients presented with SFH
between September 2016 and July 2021. Of these, 52.8%
(n=165) patients had undisplaced fracture (Gartland type 1)
and 29.4% (n=92) had sustained Gartland type Il fracture.
None of the patients showed clinical evidence of vascular
injury; therefore, they were excluded. In total, 17.6% (n=55)
patients with pulseless hand were referred to the vascular
surgery department. Of them, 45.4% (n=25) had sustained
the injury by falling off a motorbike/bicycle on the
outstretched hand, 12.7% (n=7) were hit by a moving
vehicle, 27.2% (n=15) had slipped on the outstretched hand
at home, and 14.5% (n=8) were injured while performing a
sporting activity. The incidence of vascular injuries in the
patients with SFH according to the modified Gartland
classification is shown in Fig. 1.
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In the study, 82% (n=45) of the patients were males and
18% (n=10) were females, with a male to female ratio of
4.5: 1. Left-sided injury was found in 72.7% (n=40), while
the right brachial artery was injured in the remaining 27.3%
(n=15) patients. The mean age at the time of presentation
was 945 years (mean + standard deviation) (range 3-16
years). The mean duration between the sustenance of injury
and presentation to a vascular surgeon was 4+2.5 hours
(range 2-18 hours). Of the total 55 cases, 83.6% (n=46)
presented within 6 hours, 10.9% (n=6) within 6-12 hours,
and 5.4% (n=3) between 12 and 24 hours of the injury. In
terms of clinical presentation, radial, ulnar, and brachial
pulses were absent in all cases. In the affected extremity
with acute limb ischemia, pain was present in 90.9% (n=50),
paresthesia in 63.6% (n=35), pallor in 54.5% (n=30),
coldness in 38.1% (n=21), and paralysis in 5.4% (n=3)
patients. The patients with cold cyanotic pulseless hand
[38.1% (n=21)] had a delayed capillary refill time (mean>8
seconds) and absent waveform and saturation on pulse
oximetry. However, the patients with pink, warm, pulseless
hand [61.8% (n=34)] showed a mean saturation of 85% +
3% and mean capillary refill time of 3£2 seconds.

Of the total 34 patients with pulseless, warm hand, 56%
(n=19) underwent successful closed reduction and
percutaneous K wiring with return of pulse and reversal of
the acute limb ischemia signs. All these patients were
scheduled to undergo a detailed duplex scan within the next
24 hours. However, in 16% (3 out of 19) of the patients who

had initially undergone a successful closed reduction, there
was lose of pulse again within 6 hours of closed reduction;
therefore, they underwent open exploration. The remaining
44% (n=15) patients with no pulse after closed reduction
also underwent open exploration. In addition, all patients
with a cold, pulseless hand [38.1% (n=21)] were surgically
explored for brachial artery injury. Of the 70.9% (n=39)
patients who underwent open exploration (Figs. 2 and 3),
66.7% (n=26) had segmental contusion with thrombosis of
the brachial artery. Segmental resection with end-to-end
anastomosis after minimal mobilization of the ends was
performed for 10 of the 26 patients. The mobilization of the
ends was kept minimal to prevent any injury to the existing
collateral circulation.

Vascular Injury Pattern
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PROCEEDURES

In 16 of the 26 patients, autologous reverse venous
interposition  grafting was performed because the
anastomosis would have been under too much tension after
the resection of the contused segment. In 25.6% (n=10) of
the patients, kinking of the brachial artery was found with
minimal bruising. Of these, embolectomy was indicated in 6
patients and good pulse was restored in 4 patients after bone
alignment only. However, 7.6% (n=3) of the patients had
transection of the brachial artery with ends buried between
the fractured segment. They underwent resection of the
contused ends and interposition reverse venous grafting.
These 3 patients also exhibited injuries to the accompanying
venae comitantes that were ligated. There was no clinically
demonstrable injury to the nerves in any patient. None of the
patients required a fasciotomy. The mean duration of stay in
the vascular surgery department was 4+2 days (range 2-9
days). None of the patients showed any further vascular
complications during their hospital stay that warranted re-
exploration. All the patients had an uneventful follow-up
course for at least 6 months with no long-term ischemic
sequelae such as VVolkmann’s ischemic contracture.
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3. Discussion

SFH is a common injury in young children. It represents
16% of all pediatric fractures.8) In 97% of the cases, the
fracture is caused by a fall on the outstretched hand with the
elbow in full extension, causing extension type of fracture
(11-13). In the present study that involved 55 cases of SFH
with vascular compromise, 87.2% patients had sustained
injury while falling on the outstretched hand. The causes of
such falls include slipping at home, being injured during a
sporting activity, and motorbike/bicycle accidents. This type
of injury is often associated with serious neurovascular
damage. The documented incidence of vascular injury in
such fractures is 12%-15% (1-3). The incidence of vascular
trauma associated with SFH in our study was 17.6%. The
main artery involved in SFH is the brachial artery, and the
pattern of injury to the artery varies from simple contusion
to laceration, thrombosis, perforation, and even transection
with the ends exposed or entrapped in the fractured
segments (4). These cases are most often diagnosed
clinically. The use of additional diagnostic tools to assess
circulation in a clinically pulseless limb is controversial. The
handheld Doppler can be a useful adjunct to clinical
examination; however, detailed duplex scan, computed
tomographic angiography, magnetic resonance angiography,
and conventional angiography are not recommended for
diagnosing a pulseless hand (2, 4, 5, 11). Such investigations
are time consuming and delay fracture repair, thereby
adversely affecting the outcome. In our study involving 55
patients with pulseless hand, no patient underwent any of
these investigations. The handheld Doppler probe was used
in 35.5% (n=19) patients to confirm the absence of pulse.

Clinically, supracondylar  fractures  with  vascular
compromise present either with a cold, pulseless cyanotic
limb or with a pink, warm, pulseless limb. In our study,
38.1% patients had cold, pulseless limb, while 61.8% had
pink, warm, pulseless hand. Most previous studies
recommend early intervention by a vascular surgeon for
patients with cold, cyanotic, pulseless limb (4-7) All our
patients with cold, cyanotic, pulseless hand underwent
emergency surgical exploration, and vascular continuity was
restored using microsurgical techniques. Omid et al.
recommended that all patients with an absent pulse that was
initially restored after successful closed reduction should
also undergo exploration because such patients may have an
entrapped brachial artery in the fracture site (6). Similar
recommendations have been by other previous studies (4,5).
In our research, the pulse was restored after initial closed
reduction, which subsequently disappeared within 6 hours of
reduction in 16% of the patients. All these patients also
underwent exploration of the fractured site for an assessment
of the brachial artery injury. The surgical management of
pink, warm, pulseless hand in terms of vascular exploration
is controversial; to date, no consensus has been established
regarding its management.

Some authors believe that vascular vasospasm is intense in
children and may take up to 24-48 hours to resolve (3).
Furthermore, the chances of developing thrombosis in a
kinked vessel in children are considerably lower than those
in adults (14). In addition, vascular exploration may damage
the collateral circulation that may be crucial for a viable

extremity (15). In addition, complications such as
reocclusion and re-stenosis following the repair of the
brachial artery are common in children (5, 16). Considering
all these factors, previous trials have reported that open
exploration of the brachial artery is not required for cases of
pulseless hand without any other symptoms (3-5, 7, 17).
Griffin et al. and Weller et al. recommended that bone
reduction should be performed for such patients; however, it
should be managed conservatively and explored surgically
only if there are evident signs of ischemia (2, 18). Malviya
et al. also showed a low threshold for exploration in a warm,
pulseless hand (15). In their study, the exploration rate after
closed bone reduction was 16.1%. Louahem and Cottalorda,
in their study on 68 pink, pulseless hands, also
recommended early closed reduction with closed
observation and exploration only for cases with acute
ischemia (19).

On the contrary, in a meta-analysis, White et al. concluded
that loss of pulse in SFH is a strong indicator of brachial
artery injury (8). The collateral circulation around the elbow
joint is variable in children, and success rates of brachial
artery exploration are encouraging; therefore, urgent open
exploration and repair is recommended. Long-term sequelae
of ischemia in the forearm such as Volkmann’s ischemic
contracture may prove disastrous. Early aggressive
management in terms of exploration of the brachial artery is
recommended by Blakey et al. to prevent such serious
complications (9). Similar recommendations have been
given in the POSNA questionnaire to prevent major
disability (8).

It is very challenging to identify the type of injury to the
brachial artery without exploration because there is a wide
spectrum of possible injuries, ranging from contusion to
complete transection. Some authors believe that even bone
reduction should be performed under vision because blind
closed reduction may further injure the already contused
vessel (15). Tunk-Naziha et al. reported only one patient
who required interposition venous bypass graft; therefore,
they suggested the hypothesis of open bone reduction to
prevent iatrogenic vascular trauma (14). In their study on 11
cases, Luria et al. found complete transection in 18.1%
patients who underwent interposition venous grafting (16).
In our study, 7.6% patients had complete transection, and
interposition venous grafting was indicated in 48.7% of the
cases. Higher percentage of venous interposition graft in our
patients could be the result of the cautious over-excision of
the traumatized vessel that was performed considering the
fact that majority of our patients were referred from other
cities with a potentially poor follow-up in the future.

Our experience of early surgical intervention in a pulseless
hand indicates that this is a safe approach to identify and
treat vascular injuries associated with SFH in children. In
addition, this approach prevents the need for a fasciotomy
and lowers the chances of long-term ischemic sequelae such
as Volkmann’s ischemic contracture.

4. Conclusion

Absence of pulse in children with SFH indicates brachial
artery injury even in the presence of a pink, warm hand.
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Immediate investigation is recommended in cases of cold,
pulseless hand. Moreover, in case of pink, warm, pulseless
hand, early exploration is recommended if the pulse remains
absent after bony reduction. Aggressive microvascular
approach must be adopted to prevent limb loss and
debilitating long-term sequelae.
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