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Results: 114 patients were identified, with grade V renal injury following blunt trauma (BRI). 9/114
patients (7.89%) died following resuscitation in the casualty and emergency services, 4 (3.50%) of whom
had deaths that were related to the kidney injury. 36 (34.28%) underwent early surgical exploration (13
— 42 hours) for various indications and nephrectomy was performed in 21 (58.33%). Eight patients who
were on non-operative management needed delayed surgical exploration of which two patients (25%)
presenting with massive secondary bleeding needed nephrectomy for control of the bleeding.
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Conclusions: 41.9% of patients with grade V renal injury needed surgical exploration of which
34.28% underwent early, whereas 7.61% underwent delayed exploration. 58.33% of patients undergoing
early exploration and 25% of patients undergoing delayed exploration ended up with nephrectomy. Non
operative management would be safe in the majority of patients with grade V renal injuries secondary to
blunt trauma.

unstable at presentation due to major renovascular insults
or multiple grade IV parenchymal lacerations, may require

Introduction

The kidneys are one of the most commonly injured
organs secondary to external trauma. The last 2 decades have
witnessed a great evolution in the evaluation and management
of renal injuries which occur in up to 10% of abdominal trauma
cases [1]. Today nonoperative management strategies for
renal preservation have become all the more successful due
to several advances in radiographic staging, improvements
in hemodynamic monitoring, validated renal injury scoring
systems, and essential details about the mechanisms of injury
[1]. The majority of blunt and many penetrating injuries to
the kidneys no longer require absolute surgical intervention
despite association with other visceral injuries. The presence
of concomitant injuries often influences the management of
renal trauma; approximately 80% to 90% of renal injuries have
major associated organ injury requiring surgical exploration.

The majority of grade I to III renal injuries can be managed
nonoperatively with excellent renal preservation. However
patients with grade V injuries, who are hemodynamically

immediate life-saving operative intervention. Baverstock et
al. [2], reviewed all admissions of patients with renal injury
during the period Jan 1992 to December 1998. Renal injuries
were noticed in 227 patients (1.4%), of which 18.3% were
grade III, IV and V injuries. Management was conservative in
87.5% of grade III and 77.7% of grade IV, whereas 90.9% of
grade V injuries needed operative intervention. Nephrectomy
rates were 12.5% (grade III), 16.6% (grade IV) and 90.9%
(grade V). Similarly Kuan et al. [3], retrospectively reviewed
the association between increasing American Association for
Surgery of Trauma (AAST) scores and nephrectomy, dialysis
and mortality in a total of 742,774 patients registered in the
National trauma data bank (NTDB). Renal injury occurred in
8465 (1.2%) patients. Increasing injury grade was associated
with a greater nephrectomy, dialysis and mortality rate for
blunt renal injury. For penetrating injury, nephrectomy was the
only outcome that was associated with higher grades of renal
injury. We report our short and long-term outcomes following
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initial nonoperative management in patients sustaining a
grade V renal injury secondary to blunt trauma.

Methods

The charts of all adult patients who presented to the
authors institution with blunt renal trauma between Jan 2000
and Dec 2014 were identified. Only those presenting with a
grade 5 renal injury (shattered kidney or major vascular injury)
for whom urology services were necessary were included in
this study. Trauma was graded according to the renal injury
scale developed by the Organ Injury Scaling Committee of
the American Association for Surgery of Trauma [3]. Grading
was based on a contrast enhanced (1.5-2 ml/kg) abdominal
computed tomography (CT) scan performed at the time of
presentation to the casualty and emergency services. A total of
114 patients were identified, who presented with grade 5 renal
injury and constituted the subject matter of this study.

Initial treatment included intravenous fluids, broad-
spectrum antibiotics, absolute bed rest, and close clinical
observation with monitoring of vital signs and serial
haematocrits. Patients were transfused whenever it was
necessary to maintain hemodynamic stability or haematocrit
was <20%. Patients with gross haematuria were kept on bed rest
until the urine was grossly clear. Repeat clinical examinations
and portable bedside abdominal ultrasounds were used to
monitor the size of the hematoma/urinoma. CT scan was
repeated in patients with persistent bleeding or an increasing
hematoma/urinoma as detected clinically or by ultrasound at
any time during the course of initial management. The findings
on repeated CT scans were compared to the initial studies, and
the data was used for planning of subsequent interventions.
Surgical intervention/exploration was performed in patients
with hemodynamic instability (refractory to blood transfusion),
those with persistent bleeding (haematuria and/or increasing
hematoma size) or suspected vascular injuries. Patients with
progressively increasing urinoma were treated by percutaneous
drainage (PCD) with or without ureteral stenting.

Data was collected with respect to the type of injury,
symptoms at presentation, complications and their treatment,
duration of hospital stay, initial radiologic evaluation, and
radiologic evaluation prior to any intervention. At follow-
up visits patients were evaluated by clinical examination,
serial blood pressure measurements, urine analysis, serum
creatinine, and CT scan. Dimercaptosuccinic acid (DMSA)
scanning was reserved for those patients with salvaged kidneys.
Hypertension was defined as a systolic and diastolic blood
pressure above the 95th percentile for age, sex, and weight.

Results

In total, 114 patients were identified, with grade V renal
injury following blunt trauma (BRI) who were managed at our
center. The mean (SD) age of the patients was 28.80+9.26years
(median age, 27 years, range 4 — 53), with 53 of the 114 patients
(46.49%) younger than 25 years of age. Of the 114 patients 86
(75.43%) were males and the remaining 28 (24.56%) females.
Road traffic accident remained the most common cause

(90/114, 78.94%) of blunt renal injury. Other causes of BRI
included fall from moving vehicle such as bicycle/motor cycle
17 (14.91%) and physical blow/push 7 (6.14%). Haematuria
103 (90.35%) was the most common presentation; other
symptoms included pain in abdomen, inability to pass urine,
pain in chest, distension of abdomen, breathlessness and loss
of consciousness. Most patients were brought to the hospital
within six hours of sustaining injury, mean 6.74+6.45 hours
(range 1.5 — 28 hours).

Other major injuries besides the renal injury were
found in 84 patients (73.68%), including splenic injuries
(22 patients [19.29%]), liver injuries 17 patients [14.91%]),
other abdominal injuries (Figure 1) (29 patients [25.43%]),
skeletal injuries 16 [14.03%] and head injuries 11 [9.64%].
Overall, 9/114 patients (7.89%) died following resuscitation
in the casualty and emergency services, 4 (3.50%) of whom
had deaths that were related to the kidney injury. All these 4
patients had major renal vascular injuries along with multiple
organ injuries and persistent hypotension not responding to
transfusions. In the remaining 105 patients, CT scan imaging
of the abdomen revealed a unilateral shattered kidney in 93
(88.57%), bilateral shattered kidneys 2 (1.90%), unilateral
vascular injury (Figures 2,3) 9 (8.57%) and bilateral vascular
injuries in 1 (0.95%) patient. Massive liver injuries were noted
in 10 (9.52%), massively ruptured spleen in 8 (7.61%) patients.
All the 105 patients who were resuscitated in the casualty and
emergency services were managed conservatively. Of these

Figure 1: 27 years old male patient presented with Grade V left renal injury
(Shattered kidney) with splenic injury. Explored by surgical consultant for massive
hemoperitoneum. Splenectomy was done. a) Repeat CT in post-operative period
revealed injury to Left half of diaphragm with herniation of stomach into left thorax
with collapsed left lung., b & c) Patient re-explored, diaphragm repaired, stomach
brought down into peritoneal cavity and renal injury managed conservatively.

Figure 2: 4 year old child presented following fall. a) Emergency CT showed left
renal injury with non opacification following injection of contrast., b) Left renal
artery showing complete blockage about 1 cm from the aortic opening. The child
was managed conservatively.
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105 patients, 36 (34.28%) were later surgically explored (13 —
42 hours) for various indications (Table 1) (Figure 4,5). The
decision for exploration was made by the treating Urologist/
Trauma surgeon. Of the 18 patients explored for renal causes,
15 underwent nephrectomy for massive bleeding and shattered
kidney. Of the other 18 cases explored for non-urological
indications, 6 needed nephrectomy for control of bleeding.
In the remaining 15 cases that did not undergo nephrectomy
on exploration, it was possible to control bleeding, repair
the shattered kidney and wherever necessary debridement of
kidney or partial nephrectomy was done.

The 69 (65.71%) patients who were managed non-
operatively were admitted to the intensive care unit (ICU) for
further observation and management. Eight of these patients
who were on non-operative management needed delayed
surgical exploration for both renal/nonrenal indications
(Table 2). Seven patients needed exploration for haematuria/
increasing hematoma. Two of these had repair of the
parenchyma, excision of dead tissue and nephrorrhaphy. One
other patient with vascular injury had repair of renal vein. Two
of the 4 patients presenting with massive secondary bleeding
needed nephrectomy for control of the bleeding.

Several renal and non-renal complications were noted
during the hospital stay as well as in the follow-up period
(Table 3). Huge urinary extravasation was noted in two patients

Figure 3: 40 year old female presented with blunt renal injury on right side. a) CT
shows right main renal artery thrombosis. b) Right lower pole accessory renal
artery was well maintained, ¢ & d) CT images showing avascular upper pole and
well vascularised lower pole. Patient managed conservatively.

Table 1: Indications for early surgical exploration.

Indication (36)

1 Pulsatile Haematoma 6 4

2 Expansile Haematoma 4 3

3 Suspected Vascular Injury 8 8

4 Liver Injury 5 2

5 Splenic Injury 4 1

6 Other abdominal injuries 9 3
Total 36 21 (58.33%)

“ Nephrectomy

Figure 4: 55 years old male patient sustained Grade V renal injury on right side.
a) CT showing shattered right kidney with massive hemoperitoneum which was
palpable, patient presented with persistent hypotension. Patient explored within
18 hours of injury, b & c) On exploration it was found out that the right renal vein

was completely avulsed from IVC. Nephrectomy done.

Figure 5: 20 years old male presented following RTA, a & b) Emergency CT showed
right renal injury, non opacification of right kidney. c) Explored with suspicion
of renal vascular injury. On exploration, it was noted that the right kidney was
completely avulsed at the hilum. Nephrectomy done.

who were on conservative treatment. Double ] ureteral stent
insertion with aspiration of urinoma was done and the patients
recovered well. Six patients who were non hypertensive prior
to injury developed hypertension in the follow-up period and
were put on medications. One patient who had vascular injury
developed renal insufficiency with raised creatinine. He was
managed conservatively and at last follow-up (48 months) had
a serum creatinine of 4.8 mg%.

Discussion

The incidence of significant injuries (grades II to V) is
around 5.4% of all renal trauma cases [4-6]. Computed
tomography (CT) has been widely used in the evaluation of
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Table 2: Indications for delayed surgical exploration.

Mo dcaion __ Nephwectomy
1 -

Persistent haematuria 2
2 Vascular bleeding 1
3 Secondary bleeding, fever, infection 4 2
4 Peritonitis , liver injury 1
Total 8 2 (25%)

Table 3: Short and long term Complications and Outcome.

Mo compicatin __________Oucome __ woralty

1 Urinary extravasation 2(1.9%) DJ stenting and aspiration Nil
Exploration Neph
2 Delayed Bleeding 76.6% P Ora“""_ 2ep rectomy i
3 Burst abdomen 2(1.9%) Secondary suturing Nil
Wound infection
4 ou d.l ec' on 7(6.6%) Conservative, all recovered Nil
septicemia
5 Hypertension (5.7%) Medications and follow-up Nil
6 Renal insufficiency 1(0.9%) Conservative treatment Nil

intra-abdominal and retroperitoneal injuries sustained during
blunt abdominal trauma. Abdominal CT in the setting of acute
trauma could provide essential anatomic and physiologic
information required in determining further treatment.
Haematuria and hypotension are the two important clinical
signs associated with an increased risk of significant renal
injury. Unfortunately, there is poor correlation between the
severity of haematuria and severity of renal injury [7].

A general consensus exists among the urologic community
that the urinary tract in any patient with blunt abdominal
trauma should be imaged under the following circumstances:
(a) presence of gross haematuria, (b) presence of microscopic
haematuria associated with shock (defined as systolic
blood pressure less than 90 mm Hg in the field or during
resuscitation), and (c) microscopic haematuria associated with
a positive result of diagnostic peritoneal lavage. Computed
tomography (CT) is currently the gold standard diagnostic
tool for the evaluation of blunt abdominal trauma, in a
hemodynamically stable patient. It is used to accurately assess
the severity of renal injury, determine the presence of urinary
extravasation and perirenal haemorrhage, and determine the
status of the renal vascular pedicle [7].

Regardless of mechanism of injury, nonoperative
management (NOM) has become the standard of care in
hemodynamically stable, well-staged patients with American
Association for the Surgery of Trauma (AAST) grade I to III
renal injuries [5]. Patients with grade IV and V injuries more
than often require surgical exploration, but even some of
these high-grade injuries can be managed without operation if
carefully staged and selected [5,6]. This conservative approach
has been due to historical evidence that the nephrectomy rate
is higher among patients who undergo operative exploration
(35%) than among those who simply undergo observation
(12.6%) [8-11]. the published evidence is unclear about the role
of NOM for higher grades (IV and V). In short, grade IV injuries
indicate lacerations that extend to the renal pelvis, and grade V

injuries indicate a shattered kidney or renal artery injuries with
parenchymal devascularisation.

Van der Wilden et al. [12] reported on the rate, causes,
predictors, and consequences of failure of nonoperative
management in 206 adult patients with grade IV and grade
V blunt renal injuries (BRIs). Of 206 patients, 52(25.2%)
were operated on immediately, and 154(74.8%) were
managed nonoperatively (with the assistance of angiographic
embolization for 25 patients). Nonoperative management
failed for 12 of the 154 patients (7.8%) and was related to
kidney injury in 10 (6.5%). None of these 10 patients had
complications because of the delay in BRI management. The
mean (SD) time from admission to failure was 17.6 (27.4) hours
(median time, 7.5 hours; range, 4.5-102 hours), and the cause
was hemodynamic instability in 10 of the 12 patients (83.3%).
Multivariate analysis identified 2 independent predictors
of NOM failure: older than 55 years of age and a road traffic
crash as the mechanism of injury. When both risk factors
were present, NOM failure occurred for 27.3% of the patients;
when both were absent, there were no NOM failures. Of the
142 patients successfully managed nonoperatively, 46 (32.4%)
developed renal-related complications, including haematuria
(24 patients), urinoma (15 patients), urinary tract infection (8
patients), renal failure (7 patients), and abscess (2 patients).
These patients were managed successfully with no loss of renal
units (i.e. - kidneys). The renal salvage rate was 76.2% for the
entire population and 90.3% among patients selected for NOM.

Waleed Eassa et al. [13], assessed the feasibility and outcormr -
of initial nonoperative management of grade 5 blunt ren
trauma in 18 children (12 boys and 6 girls; mean age: 8.4
3.4 yr). Grade 5 renal trauma was demonstrated on intravenous
contrast-enhanced computed tomography (CT) scan in all
patients. Associated major vascular injuries were suspected
in four patients. All were initially managed conservatively.
Indications for intervention included hemodynamic
instability, progressive urinoma, or persistent bleeding.
Dimercaptosuccinic acid (DMSA) scans were performed at a
mean time of 3.1 yr. (range: 1-17) following the injury in nine
patients. Four patients (22%) with suspected major vascular
injuries required nephrectomy 1-21 days following the trauma.
Two patients with continuing haemorrhage required selective
lower-pole arterial embolization (11%). Three patients (17%)
had their progressive urinoma drained percutaneously, and two
of them required delayed reparative surgery for ureteropelvic
junction (UPJ) avulsion. Nine patients (50%) were successfully
managed nonoperatively. Kidneys were salvaged in 78% of
patients. DMSA scanning showed a split function >40% in 44%
of evaluated kidneys. Two patients (22%) had split function
<30%. At last follow-up, none of the children were hypertensive
or had any abnormality on urine analysis.

Similarly Henderson et al. [14], reviewed their experience
with renal trauma in 126 children, of who 15 had sustained
a grade 5 renal trauma. Two patients died of associated head
injuries. Four patients (30%) underwent surgery related to the
renal injury. Two patients had an immediate nephrectomy,
one required a delayed nephrectomy, and one underwent a
delayed evacuation and drainage of a hematoma. The kidney
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was salvaged in 11 patients (73%). Nonoperative management
of grade 5 renal trauma in children is feasible and should be
considered as first-line treatment provided the patient is
hemodynamically stable [13]. Prompt surgical intervention is
required for those with major vascular injuries as suspected
by the presence of a medially located hematoma with active
extravasation and pooling of contrast-enhanced blood in the
arterial phase of the scan. Nerli et al. [15], retrospectively
reviewed their series of 43 children with grade IV/V renal
injuries following blunt trauma. Ten of these children
underwent exploration for associated abdominal injuries (8)
and for persistent hypotension in the remaining two. Two of
the 33 children managed conservatively needed nephrectomy
for arterial bleeding and expanding hematoma.

Life-threatening renal bleeding remains the only absolute
indication for surgical exploration [9]. Relative indications for
operative management include the presence of (a) extensively
devitalized tissue (>50% of the renal parenchyma), (b) urinary
extravasation that cannot be controlled with conservative
means such as ureteral stent placement or nephrostomy, and
(c) arterial thrombosis [8,9]. Actively bleeding renovascular
pedicle injuries (grade 5) need prompt surgical exploration to
prevent exsanguination [9]. Traumatic thrombosis or avulsion
of the renal artery must be diagnosed and treated rapidly, as
permanent, progressive loss of renal function begins after 2
hours of warm-ischemia time [10]. Although some authors
have reported technical success in repair of arterial injuries
after several hours of warm ischemia [9], most concur that
repair must occur within 4 hours of injury if meaningful
renal function is to be realistically expected [9,10]. Even with
reconstructive surgery, only 14%-29% of kidneys return to
normal function [9,10]. If renal ischemia has exceeded 4 hours
and the contralateral kidney is normal, most urologists will
avoid surgery and allow the devascularized kidney to atrophy.
If devascularising injuries are bilateral or involve a solitary
kidney, reconstructive surgery is generally attempted even if
the ischemia time has exceeded 4 hours [9,11].

Conservative management involves close reassessment
and observation with serial estimations of haematocrit. Repeat
abdominal CT imaging with a delayed phase is recommended
between 36 and 72 hours after initial injury for Grades 3 through
5 blunt renal injuries. Some studies have evaluated the role of
further repeat imaging after this time and found that it adds
little if the patient remains stable [16]. Thus, it is reasonable
to repeat the imaging only if there is a change in the patient’s
condition. Several complications are associated with renal
trauma and urinoma formation is the most common, occurring
in 1% to 7% of all patients with renal trauma [17]. Urinary
extravasation resolves spontaneously in 76% to 87% of cases
[5,18]. Intervention may be required if there is a persistent
leak or urine collection. The insertion of a retrograde stent or
percutaneous nephrostomy typically aids resolution [19].

Perinephric abscesses and infected urinomas may develop
secondary to bacterial seeding or concomitant enteric or
pancreatic injury. Management with percutaneous drainage
is often successful, although open drainage of multiloculated

collections is sometimes required [20]. Delayed haemorrhage
is a common complication with deep lacerations of the renal
cortex and medulla. Clinically, these patients may present with
haematuria, falling haematocrit, or hemodynamic instability.
May often be associated with pseudoaneurysm or arteriovenous
fistula [5].

Injury to the renal artery or compression of the kidney
from hematoma/ fibrosis is presumed to lead to posttraumatic
hypertension mediated by increased renin secretion in response
to renal ischemia. Incidence relates to the severity of renal
injury, and patients with Grade 4 and 5 injuries should have
periodic blood pressure monitoring in the long term. Injury to
the renal artery or compression of the kidney from hematoma/
fibrosis is thought to lead to posttraumatic hypertension
mediated by increased renin secretion in response to renal
ischemia. Patients with Grade 4 and 5 injuries should have
periodic blood pressure monitoring in the long term.

Renal insufficiency may occur in long term depending on
pre-existing renal disease, age, presence of single kidney, and
associated multiorgan failure [18]. Kuan et al. [3], reported a
risk of 0.46% of requiring dialysis following renal injury. The
need for dialysis was associated with increasing AAST grade
and age older than 40 years. If just high-grade injuries were
analyzed, the risk would be as high as 6% [21].

Conclusion

Blunt renal trauma accounts for the majority of renal
injuries, of which a greater proportion is a less severe injury
grade. Severe renal injury may be a life-threatening event, but
if handled correctly can be managed safely without the need
for nephrectomy in most cases. A multidisciplinary approach
coordinated by trauma service specialists facilitates the care of
these patients in our institution.
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