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Epidemiology, Etiology, Pathophysiology

Epidemiology and Etiology

Kidneys are the most injured genitourinary organ in external trauma, and it is estimated
that 1-5% of all traumas and 10% of abdominal traumas sustain a renal injury [1-4]. In a
series consisting purely of blunt abdominal trauma mechanism, 15% of patients were
found to have an injury to the kidneys [5]. Of all patients who sustain genitourinary trauma,
over half of them involve the kidney [6]. A population-based study found the incidence of
renal trauma to be 4.9 per 100000 population >16years of age in the United States [4]. The
majority of these patients were young and male, with 72% between the ages of 16 and 44
and 75% male. In an analysis of pediatric genitourinary injuries, renal injuries were found
to make up 3.5% of the cohort, but the incidence has not been defined [7].

There is variation in the etiology of renal trauma based on geographical location; series from
Low and Middle-Income Countries (LMIC) suggest that the rates of penetrating trauma are
high, with the majority of blunt trauma caused by road traffic accidents, assault, and falls
[8-11]. In the More Economically Developed Countries (MEDC), the vast majority (90-95%) of
renal injury is sustained by blunt trauma, which is caused by motor vehicle collisions (63%),
falls (14%), sports injuries (11%), pedestrian accidents (4%), motorcycle crashes (2%), assault
(2%), and the remaining from other causes [6, 12, 13]. In a recent blunt renal trauma series, 80%
of injuries were found to be grade I-II renal injuries, 9.5% grade III, 8.1% grade IV, and 2.7%
grade IV [5]. Thus, imaging all renal injuries is unnecessary, and criteria have been developed
(see below). Table 1.1 summarizes the large (n > 100) series with emphasis on blunt injuries.

Pathophysiology

Blunt trauma injury to the kidney is thought to occur as a result of kinetic energy
transmission, often as a consequence of rapid deceleration forces or direct interaction of
structures in the environment with the soft tissues and bones of the flank and then the
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Diagnosis

kidney. Studies using animal models have shown that the kidney has viscoelastic proper-
ties and that damage occurs as a result of stresses that cause tissue deformations exceeding
an impact energy threshold of 47 [20, 21]. A three-dimensional animal model also demon-
strated that the primary site of load-bearing, where injuries result from, is the junction
between the renal pelvis and the renal cortex [21]. Research has also demonstrated that
the kidney with a fluid-filled structure (i.e. ureteropelvic junction obstruction, hydrone-
phrosis, or renal cyst) may be more prone to rupture due to the hydrostatic pressure and
resulting distribution of forces within the kidney [20, 22].

Children may have a higher risk of significant renal injury from blunt trauma and this is
thought to be related to the proportionately larger kidney for their body size as compared
to that of adults, the possibility of children retaining fetal lobulations that may predispose
to parenchymal disruption, and the pediatric kidney having less protection due to lower
perirenal fat content, weaker abdominal muscles, and less ossification of the rib cage
[23, 24].

The proportion of patients with renal trauma found to have congenital anomalies varies,
depending on different series, ranging from 1 to 23% [23]. One series that reviewed
193 pediatric renal trauma patients found that just over 8% of patients had a congenital
anomaly [25]. Data regarding renal trauma and congenital anomalies is somewhat mixed,
with most studies suggesting that congenital anomalies increase the risk of significant
renal injury and decrease the possibility of renal salvage, while other series suggest that
there is no effect on morbidity or mortality [25-30]. Overall consensus is that pre-existing
renal anomalies likely increase the vulnerability of kidneys in blunt renal trauma [4, 30].
They may also complicate the management of a renal laceration involving the collecting
system or parenchyma (e.g. horseshoe kidney with complex arterial vasculature, UPJ
(ureteropelvic junction) obstruction, etc.).

Diagnosis

Workup

A complete history, including the crash mechanics and velocity of impact as well as known
pre-existing renal disease or abnormality, should be obtained if possible. For example, renal
injury frontal and side impact collisions may be impacted by direct contact from seatbelt
and steering column [31]. Seatbelt use and airbag deployment are also important character-
istics to note; absence of a seatbelt is associated with higher probability of thoracoabdomi-
nal injury [32]. Compared to individuals who did not have airbag deployment with vehicle
collision, those with frontal and side airbags have a 46 and 53% decrease in renal injury,
respectively [33]. Vehicle characteristics are important given the association of increased
crash test rating (i.e. safer car) with lower likelihood of thoracoabdominal injury [32].
Blunt trauma caused by a blow to the flank, rib fracture, or rapid deceleration injury
should make clinicians suspicious for possible renal injury. Such mechanisms include inju-
ries related to sports (in particular ice hockey, soccer, and football), ski and snowboarding,
and motor vehicle versus pedestrian. Signs of renal injury from blunt trauma that may be
noted on physical examination include gross hematuria, flank hematoma, and abdominal
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or flank tenderness. Vital signs are important to obtain and monitor both in the field and
upon arrival at the hospital, as hemodynamic stability drives evaluation and management
of renal trauma. Laboratory examinations, including a creatinine, hematocrit, and urinaly-
sis with microscopic analysis to evaluate for hematuria, should be obtained.

Radiographic Evaluation

The American Urological Association (AUA) has released guidelines to provide indications
for imaging of suspected renal trauma [34]. Patients sustaining blunt injury that require
diagnostic imaging are those who have gross hematuria, or those who have a systolic blood
pressure of less than 90 mmHg with microscopic hematuria. Additionally, any patients
who are stable but have a mechanism of injury (e.g. fall from a great height) or physical
examination (see above) findings concerning renal injury should also be imaged, as trauma
patients may have renal injury, even in the absence of hematuria or shock [14, 35]. Based
on the AUA Urotrauma Guidelines, children should be imaged with the same modality and
criteria as adults.

If imaging is obtained, a contrast enhanced CT (computed tomography) abdomen pelvis
with immediate and delayed images is recommended, in order to visualize the kidney
parenchyma and collecting system and to look for evidence of bleeding or urinary extrava-
sation. The immediate phase is typically an arterial or early venous phase, which highlights
the renal parenchyma and can be useful for evaluating for parenchymal laceration, intra-
vascular contrast extravasation, and hematoma. The delayed phase, typically obtained at
10-15minutes after contrast administration, is useful to evaluate the collecting system of
the kidney and the ureter. In addition, subtle findings on initial venous imaging such as
perinephric stranding, hematoma, and low-density retroperitoneal fluid may prompt imag-
ing with delayed phase to evaluate for a ureteropelvic or ureteral injury; a large medial
urinoma or contrast extravasation on delayed images without distal ureteral contrast visu-
alized is concerning for a renal pelvis or ureteral avulsion injury [36, 37].

Evaluating the size of a perinephric hematoma, the presence of intravascular contrast
extravasation, and a medial laceration on CT can be useful, as these factors can predict bleeding
complications and help guide management, as discussed in the management section (below).

Renal injuries are classified by the Organ Injury Scaling of the American Association for
Surgery of Trauma (AAST) [38] (Table 1.2, Figures 1.1 and 1.2). Grade I injuries are renal
contusions or subcapsular hematomas without parenchymal laceration. Grade II injuries
involve perirenal hematomas of the renal retroperitoneum or parenchymal renal lacera-
tions that extend for less than 1cm. Once the laceration extends for greater than 1cm into
the renal parenchyma, this becomes a grade III injury, with an elevation to grade IV if there
is collecting system involvement (i.e. urinary contrast extravasation from the renal collect-
ing system). Grade IV injuries also include contained hilar vascular injuries, such as injury
to the main renal artery or vein. Grade V injuries are so-called “shattered” kidneys and
renal hilar avulsion injuries that cause devascularization of the kidney. Revisions have been
proposed to this classification in order to include previously undescribed injuries and
reclassify other injuries to facilitate more appropriate alignment of classification and
management/outcomes, particularly in order to better classify vascular (such as segmental
vessel injury) and collecting system injuries, though these revisions have not been formally
accepted [40-43].



Diagnosis

Table 1.2 2018 American Association for the Surgery of Trauma (AAST) organ injury scale [38].

Grade Description of Injury
I Subcapsular hematoma and/or parenchymal contusion without laceration
1I Perirenal hematoma confined to Gerota fascia

Renal parenchymal laceration <1 cm depth without urinary extravasation

111 Renal parenchymal laceration >1.0 cm parenchymal depth without collecting
system rupture or urinary extravasation
Any injury in the presence of a kidney vascular injury or active bleeding contained
within Gerota fascia

v Parenchymal laceration extending into urinary/collecting system with urinary
extravasation
Renal pelvic laceration and/or complete ureteropelvic disruption
Segmental renal vein or artery injury
Active bleeding beyond Gerota fascia into retroperitoneum or peritoneum
Segmental or complete kidney infarction(s) due to vessel thrombosis without
active bleeding

A% Main renal artery or vein laceration or avulsion of hilum
Devascularized kidney with active bleeding
Shattered kidney with loss of identifiable parenchymal renal anatomy

Grade | > Grade Il

Grade IV 0 Grade V

Figure 1.1 American Association for the Surgery of Trauma (AAST) Organ Injury Severity Score for
the Kidney. Source: from Campbell-Walsh, 10th Edition with permission [39].
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Figure 1.2 CT images of renal injuries including: (a) axial view of a left subcapsular hematoma
(AAST Grade l); (b) a large right perinephric hematoma and a 2-cm parenchymal laceration

(Grade Ill); (c) intravascular contrast extravasation into a right perinephric hematoma (Grade Il1);
(d) coronal view of a left upper pole perfusion defect consistent with a segmental vascular injury
(Grade IV); (e) a right medial parenchymal laceration with urinary contrast extravasation (Grade IV);
and (f) a shattered left kidney with hematoma, contrast extravasation and multiple parenchymal
fragments (Grade V). Source: courtesy of Alex Skokan, MD.



Management

If CT is not available, or if the patient is brought directly to the operating room for
exploration without first obtaining imaging, and renal injury is suspected due to hematu-
ria or a perinephric hematoma, a one-shot intravenous pyelogram (IVP) can be useful,
primarily to confirm the presence of a contralateral kidney, and secondarily to identify
injury of the kidney of interest, although it is much less sensitive to detect injuries than
CT (see image) [44]. A one-shot IVP is obtained by administering 2ml/kg IV bolus of
contrast with a single x-ray of the abdomen obtained 10-15minutes later. The radio-
graphic image quality can be limited by under-resuscitation, hypotension, significant
edema, or renal dysfunction. One study evaluated the quality and usefulness of one-shot
IVP in the operative setting, finding that the average quality score was 3.84/5 with only
1/50 studies found to be unintelligible, and the majority (66%) were good or of excellent
quality. The average usefulness score was 3.96/5, with only 1 imaging study considered
worthless and the majority (72%) considered important or critical for determining
urological management.

Other imaging modalities such as ultrasound, radionucleotide scintigraphy, and angiog-
raphy are not recommended for initial evaluation of renal injuries but may be useful during
subsequent management.

Management

Non-operative Management

Patients with high-grade renal injuries who are hemodynamically stable can be managed
non-operatively, involving hospital admission, intensive care monitoring, bed-rest, hydra-
tion, and serial hematocrit checks [34]. Over time, data have shown that the majority of
renal injuries can be safely managed in a non-operative manner, with the potential benefits
of preserving renal function and limiting morbidity [45].

Most stable patients with urinary extravasation can be managed non-operatively initially,
as long as they do not have concern for a renal pelvis or ureteropelvic junction injury.
Management may involve bladder drainage in order to facilitate collecting system drainage
and/or antibiotics, although evidence is lacking to support these. Urinary extravasation can
resolve spontaneously without intervention, with rates of spontaneous resolution near to
90% [46-48]. Guidelines support initial non-operative management of patients with uri-
nary extravasation, given the possibility of spontaneous resolution and avoiding risks of
injury during stent placement, risks of anesthesia, and the possibility of retained stents due
to patients being lost to follow-up [34]. If there is any concern for complications with non-
operative management (such as fever, enlarging urinoma, ileus, infection) or the urinary
extravasation is found to be persistent on repeat imaging, ureteral stent placement is indi-
cated. Some of these patients will require additional drainage with a nephrostomy tube
and/or perinephric drain [47-48].

The AUA Urotrauma Guidelines suggest that patients who sustain high-grade injury
(AAST IV-V) that are managed non-operatively should undergo repeat imaging after
48hours or earlier, if needed, given the higher risk of complications and possibility of
requiring future intervention [34]. In addition, conservatively managed patients who have
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clinical signs of complications - such as fevers, persistent severe pain, dropping hematocrit,
hemodynamic instability, worsening flank or abdominal pain - should also undergo repeat
imaging [34].

Repeat imaging may be tailored, based on an individuals’ specific injury [49]. A recent
analysis of repeat imaging in patients with grade IV and V renal trauma at three Level 1
trauma centers over 19 years (1999-2017) demonstrated that in asymptomatic patients, one
in eight patients would need to undergo repeat imaging to identify a patient who needs
surgical intervention. The primary goal of repeat imaging is to evaluate for complications
and to evaluate clinical deterioration. Hence, it may be more worthwhile to obtain repeat
imaging in patients who have signs of bleeding or history of collecting system injury as in
this study. Stable patients with grade I-III injuries generally do not require repeat imaging.
Repeat imaging with ultrasound instead of CT has also been advocated, based on studies
showing that imaging of asymptomatic patients would not have altered clinical decision-
making and concerns that standardized repeat imaging with CT exposes patients to unnec-
essary radiation exposure, and drives up healthcare costs, and ultrasound has been shown
to be an effective alternative for detecting clinically relevant complications [20, 50, 51].

Indications for Intervention

As per AUA guidelines, “the surgical team must perform immediate intervention (sur-
gery or angioembolization in selected situations) in hemodynamically unstable patients
with no or transient response to resuscitation” [34]. Intervention is also required in the
face of an enlarging or pulsatile perinephric hematoma seen on exploratory laparotomy,
suspected renal pedicle avulsion, or a ureteropelvic junction disruption [52]. Depending
on the clinical circumstances, these patients may require surgery or angioembolization.
Several studies have evaluated high-risk criteria for bleeding associated with renal
trauma, finding that intravascular contrast extravasation, perinephric hematoma of
more than 3.5cm in distance from the parenchymal edge to the hematoma edge, and
medial renal laceration are risk factors associated with surgery for hemodynamic
instability and the presence of two or more of these risk factors predicts the need for
intervention [41-43, 53]. Studies have also evaluated these predictors for angiographic
embolization, finding that perirenal hematoma size and intravascular contrast extravasa-
tion are indicators for embolization [54]. One study showed that patients without intra-
vascular contrast extravasation and who have a perirenal hematoma rim distance of less
than 25mm are unlikely to benefit from angioembolization, and that combining CT
scan-specific criteria such as intravascular contrast extravasation, perirenal hematoma
size, and discontinuity of Gerota’s fascia, can be predictive of the need for renal emboli-
zation [55]. Intravascular contrast extravasation alone is not an indication for angioem-
bolization or other interventions. It is important to consider the hemodynamic status of
the patient and blood transfusion requirements.

Building on these single institution series, the Multi-institutional Genito-Urinary
Trauma Study Group created a nomogram to predict bleeding interventions after high-
grade renal injury [56]. The variables in the nomogram (Figure 1.3) include mechanism of
injury, hemodynamic status, associated injuries, and the following radiographic features:
intravascular contrast extravasation; para-renal hematoma; and hematoma size.
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Figure 1.3 Nomogram predicting bleeding interventions after high-grade renal injury. Points are
awarded for “Yes” responses for the first 5 parameters; the Hematoma Rim Distance is scored by
tracing a line down to the Points scale in red. Total Points is based on the sum of the first 5 scores
and the points from the scale in red. Source: from the MiGUTS Study, with permission [56].

With an area under the ROC (receiver operator characteristic) curve of 0.83, the nomo-
gram performed better than AAST grade alone (which was not included in the nomogram).
The nomogram, once externally validated, could provide a means to incorporate imaging
data into decision-making on renal trauma management. Future work will be necessary to
determine how to apply the nomogram in clinical care settings. Potential applications
include its use to triage patients to ICU (intensive care unit) versus floor care for isolated
grade III and IV injuries; ensure appropriateness of transfer from a lower to higher trauma
designation hospital; to select treatment of bleeding with embolization versus transfusion
alone; and support decisions for operative management [57].

Non-operative Versus Operative Management

Published series of blunt trauma patients suggest that when patients are matched by grade
and mechanism injury in an operative cohort compared to a more conservatively managed
cohort, the rate of nephrectomy is lower, complication rates are similar, and length of hos-
pital stay is shorter with non-operative management [45-47]. Further supporting these
data, hospitals that have changed their policy toward renal trauma management to adopt a
non-operative approach have shown significant (two- to six-fold) decreases in renal explo-
ration and nephrectomy without seeing an increase in complications [46, 58, 59].

In comparing series of grade IV blunt injuries that were managed non-operatively ver-
sus those who underwent exploration, higher rates of exploration are associated with
higher rates of nephrectomy [45]. Finally, there are published series of patients who have
sustained blunt grade V injuries, usually complex parenchymal lacerations (e.g. shattered
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kidney), who have been managed non-operatively. One such series showed a decreased
rate of transfusions, shorter ICU length of stay, and fewer complications for the conserva-
tively managed patients [60]. A recent series showed that just over 50% of grade V injuries
were able to be managed non-operatively [61].

Predictors of Failure of Non-Operative Management in Blunt Renal Trauma

Of patients with blunt trauma that are managed non-operatively, some will ultimately
require intervention. One series evaluated 154 patients (74.8%) with grade IV and V blunt
renal trauma, who were initially managed non-operatively, with a non-operative manage-
ment failure rate of 7.8% [62]. The vast majority of the patients who failed non-operative
management did so because of their kidney injury and none of these patients had compli-
cations as a result of delayed operative management. The mean time to failure was just over
24 hours and the majority (83.3%) failed due to hemodynamic instability. Independent pre-
dictors based on multivariate analysis found that those who were older than 55years of age
or who were injured as a result of a motor vehicle collision were more likely to fail non-
operative management.

Patients with a devitalized parenchymal segment were more likely to require delayed
surgical intervention in a series of grade IV and V blunt renal injuries [46]. Of 40 patients
with grade III-V blunt renal injury initially managed non-operatively, the risk of delayed
nephrectomy in three was associated with grade IV injuries and secondary hemorrhage
which necessitated intervention [8].

Management of Renal Trauma in Children

Many studies have evaluated management of renal trauma in children, with the consensus
being that most cases of pediatric renal trauma can be safely managed non-operatively
[63-67]. Rates of delayed intervention vary from very low to as high as 30-40% [64, 68-70].
In one series of 16 patients managed non-operatively, 44% required intervention with a
mean time to intervention of 11days; collecting system clot and larger urinoma were sig-
nificant predictors of failure of non-operative management [70]. Consistent with findings
in adults, another group found that medial contrast extravasation among grade IV renal
injuries was a significant predictor of failure of non-operative management [71].

Given the lack of age specific guidelines, pediatric blunt renal trauma guidelines were
established recently by the Eastern Association for Surgery of Trauma and Pediatric
Trauma society [72]. These guidelines advocate for nonoperative management in high-
grade trauma sustained by hemodynamically stable patients based on synthesis of evi-
dence. For those undergoing intervention, angioembolization is highly recommended.
Finally, routine blood pressure monitoring is recommended after injury.

Operative Technique

Absolute criteria for renal exploration include life-threatening hemorrhage with hemody-
namic instability, renal pedicle avulsion, and expanding, pulsatile, or uncontained retrop-
eritoneal hematoma [25]. Renal exploration and repair in the acute injury setting is
accomplished through a midline abdominal incision. While prior literature supported early
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Figure 1.4 Surgical approach to renal vessels and hilum. (a) Relationship between the aorta,
posterior peritoneum, and inferior mesenteric vein. (b) Window in posterior peritoneum made
between aorta and inferior mesenteric vein demonstrating each renal artery and vein. (c) After
vascular exposure and isolation, exploration of Gerota fascia obtained by incising the peritoneum
lateral to the descending colon (for a left-sided injury). Source: from Campbell-Walsh, 10th Edition,
with permission [39].

vascular control, more recent literature is inconclusive on this approach [73-77]. Surgical
exploration often results in nephrectomy [4]. The renal vessels can be isolated before
Gerota’s fascia is opened in order be able to rapidly occlude hilar vessels if significant bleed-
ing is encountered; some advocate that this technique may lead to a lower rate of nephrec-
tomy, whereas other data have shown no difference in nephrectomy rate, transfusion
requirements, or blood loss with potential for increased operative time [76, 77]. If early
vascular control is desired, an incision can be made in the mesentery medial to the inferior
mesenteric vein and extended to the ligament of Treitz in order to expose the aorta [78]
(Figure 1.4). The left renal vein will be visualized first as it passes anterior to the aorta and
the renal arteries can then be identified posterior to the left renal vein, and the right renal
vein will be identified anterior to the right renal artery. Once the hilar vessels have been
isolated, the colon can then be reflected medially by incising the peritoneum lateral to the
colon and exposing Gerota’s fascia. The kidney can then be fully exposed in order to identify
any injuries. The other approach to the renal hilum involves initial reflection of the colon
and its mesentery, keeping out of Gerota’s fascia, followed by isolation of the renal hilum for
early vascular control, and renorrhaphy, partial nephrectomy, or nephrectomy.

Repair of the kidney depends on the injuries present, and should involve debridement of
nonviable tissue, suture ligation of individual bleeding vessels to obtain hemostasis, water-
tight closure of any collecting system defects, and closure or re-approximation of the paren-
chymal defect when possible. If parenchymal closure is difficult, techniques such as
thrombin-soaked Gelfoam bolsters or omental interposition or pedicle flap may be helpful.

In terms of renovascular injuries, segmental arterial and venous injuries can be managed
with suture ligation, realizing that ligation of segmental arteries will result in ischemia to
the corresponding renal parenchyma. Repair of the main renal artery and vein should be
attempted when safe with 4-0 or 5-0 prolene suture; however, many injuries of the main
hilar vessels will result in nephrectomy (Figure 1.5).
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(a) (b) ()

Suture ligation of veins

Figure 1.5 Surgical management of vascular injuries. (@) Schematic showing injury to different
portions of the renal vein. Injuries are repaired (b) or divided (c), depending on location and size.
Source: from Campbell-Walsh, 10th Edition, with permission [39].

Issues in Operative Technique for Blunt Trauma

Renal trauma may be incompletely staged and this can be an important determinant for
renal exploration. If exploration occurs before complete staging has been accomplished, a
one-shot IVP or retrograde pyelograms can be performed in the operating room (see above),
or the kidney and/or ureters can be directly inspected during an abdominal exploration [79].

In cases of renal trauma, it is important to have familiarity with damage control maneu-
vers. It is particularly important in patients who do not have life-threatening renal injury.
In cases of uncontrolled bleeding, vascular control is paramount. Renal pedicle access by
blunt dissection over psoas fascia allows for application of a large vascular clamp. Once this
is done, then the kidney can be evaluated and nephron sparing techniques can be applied.
Another consideration is in cases where the patient is unstable for kidney exploration and
repair in the setting of active bleeding. In this case, packing the renal fossa with delated
intervention is an alternative to nephrectomy. This would allow for appropriate staging in
patients who were initially unstable for imaging. This staging may allow for the patient to
have non-operative management and/or angioembolization.

Complications and Follow-Up

Complications after renal trauma are reported to be rare, occurring in about 5% of cases in
modern series, although true rates of long-term complications are difficult to define given
the lack of long-term follow-up in the trauma population [25]. One retrospective series of
grade IV and V blunt renal trauma evaluated the incidence of complications among patients
who underwent immediate intervention versus those who were conservatively managed,
subdividing the conservatively managed patients into successes and failures of conserva-
tive management [62]. Most were successfully managed conservatively. Of those who
underwent successful conservative management (n = 142), 10.6% developed urinoma



Table 1.3 Long-term follow-up recommendations.

Complications and Follow-Up

AUA[34]

EAU [81, 82]

SIU/WHO [30]

Periodic monitoring of
blood pressure up to a year
after injury. Do not
recommend routine DMSA
(dimercaptosuccinic acid) or

Physical exam, urinalysis,
“individualized radiological
investigation,” serial blood
pressure monitoring, and
determination of renal

No specific recommendations,
but consensus statement does
cite a study that recommends
that all grade IV/V injuries
follow-up with documentation

other functional nuclear
scans.

function. Follow-up should
continue until healing is
complete and lab findings
have stabilized. Monitoring
may need to be continued
for years to evaluate for
latent renovascular
hypertension.

of renal function by
quantitative assessment

(n =15) and 16.9% had hematuria (n = 24). Of those who failed conservative management
(n = 12), 8.3% developed urinoma (n = 1) and 8.3% had persistent hematuria (n = 1).

Short-term monitoring and follow-up of trauma patients as previously specified is
intended to detect complications and offer appropriate additional interventions. In terms
of long-term follow-up, there is no consensus and most trauma series do not have the
luxury of long-term follow-up, given the difficulty in following up the acutely injured
population [80]. Follow-up recommendations are outlined in Table 1.3.

Secondary Hemorrhage

Delayed hemorrhage can be a life-threatening complication of renal trauma that can arise as
a result of the parenchymal injury itself, segmental arterial bleeding, or ruptured arterio-
venous fistulas (AVFs) or pseudoaneurysm. One series of grade III-IV blunt injuries managed
conservatively showed a 13-25% rate of delayed bleeds, with the caveats that this number
varies significantly by series and the majority of the literature on delayed bleeds is derived
from cases of penetrating trauma [83-85]. Delayed bleeds occur most commonly in the first
2-3weeks after trauma, although case reports have described trauma-associated bleeds occur-
ring as late as 15 or 20years after the initial insult [83-84]. Renal trauma from stab wounds
demonstrate the onset of secondary hemorrhage in the 2-36 day time-frame [30, 85].

Most often, delayed hemorrhage is caused by AVF or pseudo-aneurysm [30]. The occur-
rence of pseudoaneurysm after blunt renal trauma has been described in several case
reports but is a rare event [83, 86-88]. Pseudoaneurysms are believed to form within the
surrounding tissue after an arterial injury, likely due to shear stress in blunt renal trauma,
where the space around the vascular injury is temporarily tamponaded by coagulation.
Eventually, the intravascular and extravascular space may recannulate after degradation of
the clot and necrosis of the surrounding tissue, leading to the formation of a pseudoaneu-
rysm which can then grow and rupture [88, 89].

AVF after blunt trauma is also a rare event and has been reported in several case reports
[89-92]. The fistula is thought to form as a result of injury to an arterial and venous vessel
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in close proximity to one another, usually within the renal parenchyma. Initially the bleed-
ing may be tamponaded by a clot; as the hematoma resorbs the arterial bleeding can
resume, draining into the nearby lacerated vein [30].

New-onset or worsening hematuria, flank pain or mass, a hematocrit drop, or even new-
onset hypertension, should raise suspicion of a delayed bleed. CT angiogram or conven-
tional angiography is the preferred imaging modality, although diagnosis can be made with
ultrasound in some cases. Depending on the etiology, either surgical management or super-
selective embolization is employed, with the goal of controlling the bleeding while preserv-
ing as much renal function as possible [93, 94]. Complications of embolization can include
abscess, infarction, renal insufficiency, and pulmonary embolization of coils [25, 84, 94, 95].

Urinary Extravasation and Perinephric Abscess

AUA guidelines recommend that clinicians perform urinary drainage in the presence
of complications such as enlarging urinoma, fever, increasing pain, ileus, fistula, or
infection [34].

Renal injuries with urinary extravasation at initial presentation can for the most part be
managed conservatively given the high rates (90%) of spontaneous resolution, although
repeat imaging is intended to evaluate for persistent leaks, urinomas, or perinephric
abscesses that require additional intervention such as stenting or percutaneous drainage
[30, 46-48, 98]. Patients with devitalized renal parenchyma in conjunction with urinary
extravasation tend to have increased morbidity and may require more aggressive man-
agement [80, 96-98]. Furthermore, patients with concomitant injuries, such as pancre-
atic or colonic injuries, may also have a higher likelihood of developing complications
[25,99-101].

In practice, approximately 29% of patients with high-grade renal trauma undergo ureteral
stent placement [102]. To date, there are no standard guidelines on duration of stent and
Foley placement for high-grade renal trauma. In a single center series, an indwelling stent
for six to eight weeks was associated with favorable outcomes [103]. Generally, maintaining
a Foley catheter while a stent is in place helps with healing by preventing antegrade reflux
of urine to the kidney, minimizing pressure in the collecting system, and enhancing
urinoma drainage. Percutaneous drains may be necessary in cases of increasing urinoma
size, complexity, and/or infection [34].

Renal Insufficiency

The lack of long-term follow-up after renal trauma makes it difficult to determine the true
rates of renal insufficiency after trauma. One study evaluating pediatric blunt renal trauma
patients managed conservatively found that the decline in percentage of renal function of
the injured renal unit correlated to the severity of renal injury, with 44.7 + 8.4% residual
function for grade II-III injuries, 41.8+9.2% residual function for grade IV injury, and
29.5+7.9% residual function for grade V injuries [104]. Notably, all patients had normal
serum creatinine at follow-up. This group re-assessed renal function for a subset of these
patients at one year post-injury, finding that renal function remained stable over this time
period [105]. These results are supported by another study of 67 renal injuries (36% blunt
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trauma) that underwent post-injury dimercapto-succinic acid renal scan and found that
the mean decrease in renal function corresponded to injury grade (p < 0.005 in multivariate
analysis), with a mean decrease in renal function of 15% for grade III, 30% for grade IV, and
65% for grade V injuries [106]. In multivariate analysis, there was no difference in the
decrease in renal function between blunt and penetrating renal injury or in those injuries
that were managed operatively versus conservatively.

A study evaluating 52 patients who underwent renal reconstruction after renal trauma
found that renal function on the reconstructed side had a mean 39.3% preservation of func-
tion, with 81% of patients having more than one-third function of the injured kidney based
on radionucleotide scintigraphy [107].

Two studies evaluated the rates of chronic kidney disease after renal trauma. One com-
pared trauma patients with and without renal injuries, finding that 230 patients without
renal injury had an incidence of acute kidney injury of 17.4% compared to 11.4% in the
patients with renal injury [108]. Another multi-institutional study evaluating grade IV and
V renal injuries (49% blunt trauma) found that 6/89 patients developed chronic kidney
disease (CKD) (serum creatinine range 2.0-15.6 mg/dl), and of these 6 patients, 3/5 with
long-term follow-up developed progressive and permanent renal failure requiring dialy-
sis [80].

Hypertension

Patients who sustain renal injuries have an increased risk of renovascular hypertension,
with the incidence of renal trauma-related hypertension estimated between less than 1 and
5% [80, 109-113]. As a result, the European Association of Urology (EAU) Guidelines on
Urologic Trauma, the AUA Urotrauma Guidelines, and the Societé Internationale
d’Urologie (SIU)/World Health Organization (WHO) consensus statement on renal trauma
all recommend periodic monitoring of blood pressure for the first year after injury, at least
for a subset patients who have sustained high-grade injuries [30, 37, 82].

Renovascular hypertension after trauma may develop through several mechanisms:
renal arterial stenosis or occlusion, parenchymal compression caused by perinephric
hematoma (Page kidney), or chronic scar formation [109, 111, 112]. All of these result in a
reduction in renal blood flow, which can then cause a unilateral hypersecretion of renin
and resultant hypertension [25]. Diagnosis can be made with selective angiography and
renal vein renin levels. Older studies of renal trauma patients show rates of new-onset
hypertension of 4-5%, with onset between two weeks and eight months of injury [80, 112].
A more recent study contradicts these data, showing that patients who develop hyperten-
sion after renal trauma typically manifest it during their initial hospitalization and do not
develop delayed hypertension during long-term follow-up [114].

Management with medications, renal artery bypass surgery, or partial or total nephrec-
tomy has been shown to be effective [109, 111]. In studies evaluating conservative treat-
ment, treatment rates range from 28 to 50% [111, 112, 114, 115]. In terms of surgical
management, elevated renin levels from the affected kidney have been shown to predict a
good response to surgical treatment [111, 116]. Similarly, one study showed that in cases of
arterial stenosis or occlusion, early nephrectomy within the first year after injury had better
response rates compared to delayed nephrectomy [108].
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Other Complications

Other rare complications may include chronic pyelonephritis, post-trauma hydronephrosis,
stone formation, fistulae, or flank pain [82].

Mortality

Mortality following renal trauma is nearly always related to associated injuries, with
estimates of renal trauma driven mortality at less than 0.1% of all deaths [25].

Conclusions

The majority of renal trauma is caused by blunt mechanisms, making it vital for emergency
providers and surgeons to have an understanding of renal trauma. Evaluation and manage-
ment of blunt renal trauma has evolved significantly over the past decade. Guidelines
from urologic societies have helped to disseminate indications for imaging and managing
high-grade kidney injuries. Over time, there has been an evolution toward non-operative
management, as data have shown good success with conservative approaches. The goal of
diagnosing and managing renal trauma should be to preserve renal function, and this
includes appropriate treatment of complications and failed conservative management.
Long-term follow-up and assessment of renal function in these patients is lacking and
requires updating.

References

1 Baverstock, R., Simons, R., and McLoughlin, M. (2001). Severe blunt renal trauma: a 7-year
retrospective review from a provincial trauma centre. Can. J. Urol. 8 (5): 1372-1376.

2 McAninch, J.W.,, Carroll, P.R., Klosterman, P.W. et al. (1991). Renal reconstruction after
injury. J. Urol. 145 (5): 932-937.

3 McAninch, J.W. (1999). Genitourinary trauma. World J. Urol. 17 (2): 65.

4 Wessells, H., Suh, D., Porter, J.R. et al. (2003). Renal injury and operative management in the
United States: results of a population-based study. J. Trauma 54 (3): 423-430.

5 Aragona, F., Pepe, P., Patane, D. et al. (2012). Management of severe blunt renal trauma in
adult patients: a 10-year retrospective review from an emergency hospital. BJU Int. 110 (5):
744-748.

6 Krieger, J.N., Algood, C.B., Mason, J.T. et al. (1984). Urological trauma in the Pacific
Northwest: etiology, distribution, management and outcome. J. Urol. 132 (1): 70-73.

7 Tasian, G.E., Bagga, H.S., Fisher, P.B. et al. (2013). Pediatric genitourinary injuries in the
United States from 2002 to 2010. J. Urol. 189 (1): 288-293.

8 Prasad, N.H., Devraj, R., Chandriah, G.R. et al. (2014). Predictors of nephrectomy in high
grade blunt renal trauma patients treated primarily with conservative intent. Indian J. Urol.
30 (2): 158-160.

9 Madiba, T.E., Haffejee, A.A., and John, J. (2002). Renal trauma secondary to stab, blunt and
firearm injuries - a 5-year study. S. Afr. J. Surg. 40 (1): 5-9; discussion 9-10.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

References

Gray, N. (1985). Renal trauma in a South African hospital: a two year study. J. R. Army Med.
Corps 131 (1): 19-20.

Ersay, A. and Akglin, Y. (1999). Experience with renal gunshot injuries in a rural setting.
Urology 54 (6): 972-975.

Bretan, P.N., McAninch, J.W., Federle, M.P., and Jeffrey, R.B. (1986). Computerized
tomographic staging of renal trauma: 85 consecutive cases. J. Urol. 136 (3): 561-565.
Voelzke, B.B. and Leddy, L. (2014). The epidemiology of renal trauma. Transl. Androl. Urol.
3(2): 143-149.

Cass, A.S., Luxenberg, M., Gleich, P., and Smith, C.S. (1986). Clinical indications for
radiographic evaluation of blunt renal trauma. J. Urol. 136 (2): 370-371.

Miller, K.S. and McAninch, J.W. (1995). Radiographic assessment of renal trauma: our
15-year experience. J. Urol. 154 (2 Pt 1): 352-355.

Sugihara, T., Yasunaga, H., Horiguchi, H. et al. (2012). Management trends,
angioembolization performance and multiorgan injury indicators of renal trauma from
Japanese administrative claims database. Int. J. Urol. 19 (6): 559-563; author reply 564.
Shoobridge, J.J., Bultitude, M.F., Koukounaras, J. et al. (2013). A 9-year experience of renal
injury at an Australian level 1 trauma centre. BJU Int. 112 (Suppl. 2): 53-60.

McClung, C.D., Hotaling, J.M., Wang, J. et al. (2013). Contemporary trends in the
immediate surgical management of renal trauma using a national database. J. Trauma
Acute Care Surg. 75 (4): 602-606.

Breen, K.J., Sweeney, P., Nicholson, P.J. et al. (2014). Adult blunt renal trauma: routine
follow-up imaging is excessive. Urology 84 (1): 62—67.

Schmidlin, F.R., Schmid, P., Kurtyka, T. et al. (1996). Force transmission and stress
distribution in a computer-simulated model of the kidney: an analysis of the injury
mechanisms in renal trauma. J. Trauma 40 (5): 791-796.

Bschleipfer, T., Kallieris, D., Hauck, E.-W. et al. (2002). Blunt renal trauma: biomechanics
and origination of renal lesions. Eur. Urol. 42 (6): 614-621.

Esho, J.O., Ireland, G.W., and Cass, A.S. (1973). Renal trauma and preexisting lesions of
kidney. Urology 1 (2): 134-135.

Kuzmarov, I.W., Morehouse, D.D., and Gibson, S. (1981). Blunt renal trauma in the
pediatric population: a retrospective study. J. Urol. 126 (5): 648—649.

Brown, S.L., Elder, J.S., and Spirnak, J.P. (1998). Are pediatric patients more susceptible to
major renal injury from blunt trauma? A comparative study. J. Urol. 160 (1): 138-140.
Al-Qudah, H.S. and Santucci, R.A. (2006). Complications of renal trauma. Urol. Clin. North
Am. 33 (1): 41-53-vi.

McAleer, I.M., Kaplan, G.W., and LoSasso, B.E. (2002). Congenital urinary tract anomalies
in pediatric renal trauma patients. J. Urol. 168 (4 Pt 2): 1808-1810; discussion 1810.

Cass, A.S. (1983). Blunt renal pelvic and ureteral injury in multiple-injured patients.
Urology 22 (3): 268-270.

Morse, T.S., Smith, J.P., Howard, W.H., and Rowe, M.I. (1967). Kidney injuries in children.
J. Urol. 98 (5): 539-547.

Onen, A., Kaya, M., Cigdem, M.K. et al. (2002). Blunt renal trauma in children with
previously undiagnosed pre-existing renal lesions and guidelines for effective initial
management of kidney injury. BJU Int. 89 (9): 936-941.

Santucci, R.A., Wessells, H., Bartsch, G. et al. (2004). Evaluation and management of renal
injuries: consensus statement of the renal trauma subcommittee. BJU Int. 93 (7): 937-954.

19



20

Blunt Renal Injuries

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Kuan, J.K., Kaufman, R., Wright, J.L. et al. (2007). Renal injury mechanisms of motor
vehicle collisions: analysis of the crash injury research and engineering network data set.
J. Urol. 178 (3 Pt 1): 935-940; discussion 940. Epub 2007 Jul 16.

Figler, B.D., Mack, C.D., Kaufman, R. et al. (2014). Crash test rating and likelihood of
major thoracoabdominal injury in motor vehicle crashes: the new car assessment program
side-impact crash test, 1998-2010. J. Trauma Acute Care Surg. 76 (3): 750-754. https://doi.
0rg/10.1097/TA.0b013e3182aafd5b.

Smith, T.G. 3rd, Wessells, H.B., Mack, C.D. et al. (2010). Examination of the impact of
airbags on renal injury using a national database. J. Am. Coll. Surg. 211 (3): 355-360.
https://doi.org/10.1016/j.jamcollsurg.2010.05.009. Epub 2010 Jul 14.

Morey, A.F., Brandes, S., Dugi, D.D. et al. (2014). Urotrauma: AUA guideline. J. Urol. 192
(2): 327-335.

Brandes, S.B. and McAninch, J.W. (1999). Urban free falls and patterns of renal injury: a
20-year experience with 396 cases. J. Trauma 47 (4): 643-649; discussion 649-50.

Ortega, S.J., Netto, F.S., Hamilton, P. et al. (2008). CT scanning for diagnosing blunt
ureteral and ureteropelvic junction injuries. BMC Urol. 8: 3.

Kawashima, A., Sandler, C.M., Corriere, J.N. et al. (1997). Ureteropelvic junction injuries
secondary to blunt abdominal trauma. Radiology 205 (2): 487-492.

Moore, E.E., Shackford, S.R., Pachter, H.L. et al. (1989). Organ injury scaling: spleen, liver,
and kidney. J. Trauma 29 (12): 1664-1666.

Wein, A.J., Kavoussi, L.R., Novick, A.C. et al. (2011). Campbell-Walsh Urology. Elsevier
Health Sciences 1 p.

Buckley, J.C. and McAninch, J.W. (2011). Revision of current American Association for the
Surgery of Trauma Renal Injury grading system. J. Trauma 70 (1): 35-37.

Dugi, D.D., Morey, A.F., Gupta, A. et al. (2010). American Association for the Surgery of
Trauma grade 4 renal injury substratification into grades 4a (low risk) and 4b (high risk).
J. Urol. 183 (2): 592-597.

Chiron, P., Hornez, E., Boddaert, G. et al. (2015). Grade IV renal trauma management. A
revision of the AAST renal injury grading scale is mandatory. Eur. J. Trauma Emerg. Surg.
42 (2): 237-241.

Figler, B.D., Malaeb, B.S., Voelzke, B. et al. (2013). External validation of a substratification
of the American Association for the Surgery of Trauma renal injury scale for grade 4
injuries. J. Am. Coll. Surg. 217 (5): 924-928.

Morey, A.F., McAninch, J.W.,, Tiller, B.K. et al. (1999). Single shot intraoperative excretory
urography for the immediate evaluation of renal trauma. J. Urol. 161 (4): 1088-1092.
Santucci, R.A. and Fisher, M.B. (2005). The literature increasingly supports expectant
(conservative) management of renal trauma - a systematic review. J. Trauma 59 (2):
493-503.

Moudouni, S.M., Hadj Slimen, M. et al. (2001). Management of major blunt renal
lacerations: is a nonoperative approach indicated? Eur. Urol. 40 (4): 409-414.

Matthews, L.A., Smith, E.M., and Spirnak, J.P. (1997). Nonoperative treatment of major
blunt renal lacerations with urinary extravasation. J. Urol. 157 (6): 2056-2058.

Alsikafi, N.F., McAninch, J.W.,, Elliott, S.P., and Garcia, M. (2006). Nonoperative
management outcomes of isolated urinary extravasation following renal lacerations due to
external trauma. J. Urol. 176 (6 Pt 1): 2494-2497.



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

References

Bayne, D.B., Tresh, A., Baradaran, N. et al. (2019). Does routine repeat imaging change
management in hihg-grade renal trauma? Results from three level 1 trauma centers. World
J. Urol. 37 (7): 1455-1459. https://doi.org/10.1007/s00345-018-2513-2. Epub 2018 Oct 1.
Shirazi, M., Sefidbakht, S., Jahanabadi, Z. et al. (2010). Is early reimaging CT scan
necessary in patients with grades III and IV renal trauma under conservative treatment?
J. Trauma 68 (1): 9-12.

Eeg, K.R., Khoury, A.E., Halachmi, S. et al. (2009). Single center experience with
application of the ALARA concept to serial imaging studies after blunt renal trauma in
children - is ultrasound enough? J. Urol. 181 (4): 1834-1840; discussion 1840.

Voelzke, B.B. and McAninch, J.W. (2008). The current management of renal injuries. Am.
Surg. 74 (8): 667-678.

Hardee, M.J., Lowrance, W., Brant, W.O. et al. (2013). High grade renal injuries: application
of Parkland Hospital predictors of intervention for renal hemorrhage. J. Urol. 189 (5):
1771-1776.

Nuss, G.R., Morey, A.F., Jenkins, A.C. et al. (2009). Radiographic predictors of need for
angiographic embolization after traumatic renal injury. J. Trauma 67 (3): 578-582;
discussion 582.

Charbit, J., Manzanera, J., Millet, I. et al. (2011). What are the specific computed
tomography scan criteria that can predict or exclude the need for renal angioembolization
after high-grade renal trauma in a conservative management strategy? J. Trauma 70 (5):
1219-1227; discussion 1227-8.

Keihani, S., Rogers, D.M., Putbrese, B.E. et al. (2019). A nomogram predicting the need for
bleeding interventions after high-grade renal trauma: results from the American
Association for the Surgery of Trauma Multi-institutional Genito-Urinary Trauma Study
(MiGUTS). J. Trauma Acute Care Surg. 86 (5): 774-782.

Hagedorn, J.C., Quistberg, D.A., Arbabi, S. et al. (2019). Factors associated with secondary
overtriage in renal trauma. Urology 130: 175-180.

Danuser, H., Wille, S., Zoscher, G., and Studer, U. (2001). How to treat blunt kidney
ruptures: primary open surgery or conservative treatment with deferred surgery when
necessary? Eur. Urol. 39 (1): 9-14.

Schmidlin, F.R., Rohner, S., Hadaya, K. et al. (1997). The conservative treatment of major
kidney injuries. Ann. Urol. (Paris) 31 (5): 246-252.

Altman, A.L., Haas, C., Dinchman, K.H., and Spirnak, J.P. (2000). Selective nonoperative
management of blunt grade 5 renal injury. J. Urol. 164 (1): 27-30; discussion 30-1.
Lanchon, C., Fiard, G., Arnoux, V. et al. (2015). High grade blunt renal trauma: predictors
of surgery and long-term outcomes of conservative management. A prospective single
center study. J. Urol. 195 (1): 106-111.

van der Wilden, G.M., Velmahos, G.C., Joseph, D.K. et al. (2013). Successful nonoperative
management of the most severe blunt renal injuries: a multicenter study of the research
consortium of New England Centers for Trauma. JAMA Surg. 148 (10): 924-931.

Haller, J.A., Papa, P., Drugas, G., and Colombani, P. (1994). Non-operative management
of solid organ injuries in children. Is it safe? Ann. Surg. 219 (6): 625-628; discussion
628-31.

Levy, J.B., Baskin, L.S., Ewalt, D.H. et al. (1993). Nonoperative management of blunt
pediatric major renal trauma. Urology 42 (4): 418-424.

21



22

Blunt Renal Injuries

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

Gill, B., Palmer, L.S., Reda, E. et al. (1994). Optimal renal preservation with timely
percutaneous intervention: a changing concept in the management of blunt renal trauma
in children in the 1990s. Br. J. Urol. 74 (3): 370-374.

Henderson, C.G., Sedberry-Ross, S., Pickard, R. et al. (2007). Management of high grade
renal trauma: 20-year experience at a pediatric level I trauma center. J. Urol. 178 (1):
246-250; discussion 250.

Baumann, L., Greenfield, S.P., Aker, J. et al. (1992). Nonoperative management of major
blunt renal trauma in children: in-hospital morbidity and long-term followup. J. Urol. 148
(2 Pt 2): 691-693.

Smith, E.M., Elder, JI.S., and Spirnak, J.P. (1993). Major blunt renal trauma in the pediatric
population: is a nonoperative approach indicated? J. Urol. 149 (3): 546—543.

Lee, I.N., Lim, J.K., Woo, M.J. et al. (2015). Predictive factors for conservative treatment
failure in grade IV pediatric blunt renal trauma. J. Pediatr. Urol. 12 (2): 93.e1-93.e7.

Reese, J.N., Fox, J.A., Cannon, G.M., and Ost, M.C. (2014). Timing and predictors for
urinary drainage in children with expectantly managed grade IV renal trauma. J. Urol. 192
(2): 512-517.

Bartley, J.M. and Santucci, R.A. (2012). Computed tomography findings in patients with
pediatric blunt renal trauma in whom expectant (nonoperative) management failed.
Urology 80 (6): 1338-1343.

Hagedorn, J.C., Fox, N., Ellison, J.S. et al. (2019). Pediatric blunt renal trauma practice
management guidelines: collaboration between the Eastern Association for the Surgery of
Trauma and the Pediatric Trauma Society. J. Trauma Acute Care Surg. 86 (5): 916-925.
https://doi.org/10.1097/TA.0000000000002209.

Carlton CE Jr, Scott R Jr, Goldman M. The management of penetrating injuries of the
kidney. J Trauma. 1968 Nov;8(6):1071-83.

Holcroft JW, Trunkey DD, Minagi H, Korobkin MT, Lim RC. Renal trauma and
retroperitoneal hematomas-indications for exploration. J Trauma. 1975 Dec;15(12):1045-52.
Atala A, Miller FB, Richardson JD, Bauer B, Harty J, Amin M. Preliminary vascular control
for renal trauma. Surg Gynecol Obstet. 1991 May;172(5):386-90.

McAninch, J.W. and Carroll, P.R. (1982). Renal trauma: kidney preservation through
improved vascular control - a refined approach. J. Trauma 22 (4): 285-290.

Gonzalez, R.P., Falimirski, M., Holevar, M.R., and Evankovich, C. (1999). Surgical
management of renal trauma: is vascular control necessary? J. Trauma 47 (6): 1039-1042;
discussion 1042-4.

Meng, M.V,, Brandes, S.B., and McAninch, J.W. (1999). Renal trauma: indications and
techniques for surgical exploration. World J. Urol. 17 (2): 71-77.

Smith, T.G. 3rd and Coburn, M. (2013). Damage control maneuvers for urologic trauma.
Urol. Clin. North Am. 40 (3): 343-350. https://doi.org/10.1016/j.ucl.2013.04.003. Epub
2013 Jun 29.

Knudson, M.M., Harrison, P.B., Hoyt, D.B. et al. (2000). Outcome after major renovascular
injuries: a Western trauma association multicenter report. J. Trauma 49 (6): 1116-1122.
Serafetinides, E., Kitrey, N.D., Djakovic, N. et al. (2015). Review of the current
management of upper urinary tract injuries by the EAU Trauma Guidelines Panel.

Eur. Urol. 67 (5): 930-936.



82

83

84

85

86

87

88

89

920

91

92

93

94

95

96

97

98

29

100

References

Lynch, T.H., Martinez-Pifieiro, L., Plas, E. et al. (2005). EAU guidelines on urological
trauma. Eur. Urol. 47 (1): 1-15.

Jebara, V.A., El Rassi, I., Achouh, P.E. et al. (1998). Renal artery pseudoaneurysm after
blunt abdominal trauma. J. Vasc. Surg. 27 (2): 362-365.

Chazen, M.D. and Miller, K.S. (1997). Intrarenal pseudoaneurysm presenting 15 years
after penetrating renal injury. Urology 49 (5): 774-776.

Heyns, C.F., de Klerk, D.P., and de Kock, M.L. (1983). Stab wounds associated with
hematuria - a review of 67 cases. J. Urol. 130 (2): 228-231.

Swana, H.S., Cohn, S.M., Burns, G.A., and Egglin, T.K. (1996). Renal artery
pseudoaneurysm after blunt abdominal trauma: case report and literature review.

J. Trauma 40 (3): 459-461.

Lee, R.S. and Porter, J.R. (2003). Traumatic renal artery pseudoaneurysm: diagnosis and
management techniques. J. Trauma 55 (5): 972-978.

Farrell, T.M., Sutton, J.E., and Burchard, K.W. (1996). Renal artery pseudoaneurysm: a
cause of delayed hematuria in blunt trauma. J. Trauma 41 (6): 1067-1068.

Tomita, K., Iwaki, H., Kageyama, S. et al. (2010). Renal arteriovenous fistula induced by
blunt renal trauma: a case report. Hinyokika Kiyo 56 (1): 25-28.

Aulakh, T.S., Hayne, D., and Hinwood, D. (2007). Delayed presentation of arteriovenous
fistula 20 years after blunt renal trauma. Int. Urol. Nephrol. 39 (3): 713-715.

Armstrong, A.L., Birch, B.R., and Jenkins, J.D. (1994). Renal arteriovenous fistula
following blunt trauma. Br. J. Urol. 73 (3): 321-322.

Benson, D.A., Stockinger, Z.T., and Mcswain, N.E. (2005). Embolization of an acute renal
arteriovenous fistula following a stab wound: case report and review of the literature.
Am. Surg. 71 (1): 62-65.

Uflacker, R., Paolini, R.M., and Lima, S. (1984). Management of traumatic hematuria by
selective renal artery embolization. J. Urol. 132 (4): 662-667.

Reilly, K.J., Shapiro, M.B., and Haskal, Z.J. (1996). Angiographic embolization of a
penetrating traumatic renal arteriovenous fistula. J. Trauma 41 (4): 763.

Tucci, P., Doctor, D., and Diagonale, A. (1979). Embolization of post-traumatic renal
arteriovenous fistula. Urology 13 (2): 192-194.

Reigle, M.D., Selzman, A.A., Elder, J.S., and Spirnak, J.P. (1998). Use of ureteral stents in
the management of major renal trauma with urinary extravasation: is there a role?

J. Endourol. 12 (6): 545-549.

Buckley, J.C. and McAninch, J.W. (2006). Selective management of isolated

and nonisolated grade IV renal injuries. J. Urol. 176 (6 Pt 1): 2498-2502;

discussion 2502.

Heyns, C.F. (2004). Renal trauma: indications for imaging and surgical exploration. BJU
Int. 93 (8): 1165-1170.

Moudouni, S.M., Patard, J.J., Manunta, A. et al. (2001). A conservative approach to major
blunt renal lacerations with urinary extravasation and devitalized renal segments. BJU
Int. 87 (4): 290-294.

Husmann, D.A. and Morris, J.S. (1990). Attempted nonoperative management of blunt
renal lacerations extending through the corticomedullary junction: the short-term and
long-term sequelae. J. Urol. 143 (4): 682-684.

23



24

Blunt Renal Injuries

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

Keihani, S., Anderson, R.E., Fiander, M. et al. (2018). Incidence of urinary extravasation
and rate of urethral stenting after high-grade renal trauma in adults: a meta-analysis.
Transl. Androl. Urol. 7 (Suppl. 2): S169-S178. https://doi.org/10.21037/tau.2018.04.13.
Prakash, S.V,, Mohan, C.G., Reddy, V.B. et al. (2015). Salvageability of kidney in Grade IV
renal trauma by minimally invasive treatment methods. J. Emerg. Trauma Shock 8 (1):
16-20. https://doi.org/10.4103/0974-2700.145418.

Keller, M..S., Eric Coln, C., Garza, J.J. et al. (2004). Functional outcome of nonoperatively
managed renal injuries in children. J. Trauma 57 (1): 108-110; discussion 110.

Keller, M.S. and Green, M.C. (2009). Comparison of short- and long-term functional
outcome of nonoperatively managed renal injuries in children. J. Pediatr. Surg. 44 (1):
144-147; discussion 147.

Tasian, G.E., Aaronson, D.S., and McAninch, J.W. (2010). Evaluation of renal function
after major renal injury: correlation with the American Association for the Surgery of
Trauma Injury Scale. J. Urol. 183 (1): 196-200.

Wessells, H., Deirmenjian, J., and McAninch, J.W. (1997). Preservation of renal function
after reconstruction for trauma: quantitative assessment with radionuclide scintigraphy.
J. Urol. 157 (5): 1583-1586.

McGonigal, M.D., Lucas, C.E., and Ledgerwood, A.M. (1987). The effects of treatment of
renal trauma on renal function. J. Trauma 27 (5): 471-476.

Watts, R.A. and Hoffbrand, B.I. (1987). Hypertension following renal trauma. J. Hum.
Hypertens. 1 (2): 65-71.

Lebech, A. and Strange-Vognsen, H.H. (1990). Hypertension following blunt kidney
injury. Ugeskr. Laeger 152 (14): 994-997.

Meyrier, A., Rainfray, M., and Lacombe, M. (1988). Delayed hypertension after blunt
renal trauma. Am. J. Nephrol. 8 (2): 108-111.

Chedid, A., Le Coz, S., Rossignol, P. et al. (2006). Blunt renal trauma-induced
hypertension: prevalence, presentation, and outcome. Am. J. Hypertens. 19 (5): 500-504.
Montgomery, R.C., Richardson, J.D., and Harty, J.I. (1998). Posttraumatic renovascular
hypertension after occult renal injury. J. Trauma 45 (1): 106-110.

Goldblatt, H., Lynch, J., Hanzal, R.F., and Summerville, W.W. (1934). Studies on
experimental hypertension: I. The production of persistent elevation of systolic blood
pressure by means of renal ischemia. J. Exp. Med. 59 (3): 347-379.

Fuchs, M.E., Anderson, R.E., Myers, J.B., and Wallis, M.C. (2015). The incidence of
long-term hypertension in children after high-grade renal trauma. J. Pediatr. Surg. 50 (11):
1919-1921.

von Knorring, J., Fyhrquist, F., and Ahonen, J. (1981). Varying course of hypertension
following renal trauma. J. Urol. 126 (6): 798-801.

Working Group on Renovascular Hypertension (1987). Detection, evaluation, and
treatment of renovascular hypertension. Final report. Arch. Intern. Med. 147 (5): 820-829.



