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 Case series
 Patients: Male, 18-year-old • Female, 21-year-old
 Final Diagnosis: Grade V renal laceration
 Symptoms: Abdominal pain • flank pain
 Medication: —
 Clinical Procedure: Nephrectomy
 Specialty: Surgery

 Objective: Unusual clinical course
 Background: Blunt renal injuries constitute a small proportion of solid organ trauma cases. Many American Association for 

the Surgery of Trauma grade IV and V lacerations are manageable with volume resuscitation and angioembo-
lization. In select cases, emergent nephrectomy can be beneficial to patients, with little associated morbidity.

 Case Reports: In 2 separate cases, an 18-year-old man and a 21-year-old woman were brought to our center after sustain-
ing blunt trauma to the left flank. They were both found to have isolated grade V renal lacerations with vas-
cular compromise. Both initially had normal vital signs but became unstable. Active extravasation was visible 
on contrast-enhanced computed tomography scans, and the patients ultimately underwent exploratory lapa-
rotomy and nephrectomy on hospital day 1. Both of them recovered quickly, had no acute complications, and 
were discharged in <1 week. Follow-up over the course of 1 year showed no untoward sequelae.

 Conclusions: These cases highlight the role of nephrectomy to mitigate life-threatening hemorrhage in unstable patients. 
While observation or angioembolization is the preferred approach for many renal injuries, emergent nephrec-
tomy remains important for patients who do not respond to blood products and have rapidly deteriorating 
shock. In these patients, results of an initial trauma evaluation can be unclear because of concomitant splen-
ic injury, as well as renal injuries with hemoperitoneum that are visible on focused abdominal ultrasonogra-
phy for trauma. When forgoing immediate laparotomy, surgeons can use continuous noninvasive hemoglobin 
monitoring along with serial hemoglobin measurements and abdominal examinations. Laparotomy with ne-
phrectomy results in limited morbidity when it is done expeditiously with ongoing volume resuscitation.
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Background

Eight percent to 10% of injuries to abdominal organs are caused 
by renal trauma [1]. Contemporary management of most re-
nal lacerations is medical. Patients who are hemodynamically 
stable or respond to volume resuscitation can be candidates 
for observation or endovascular therapy even if they have 
American Association for the Surgery of Trauma (AAST) grade 
IV and V lesions (Table 1) [2], which include renovascular com-
promise and shattered kidneys [3]. Observation involves serial 
abdominal examinations, short-interval hemoglobin measure-
ments (every 4-6 h), and volume resuscitation. Endovascular 
therapy most often involves selective catheterization and an-
gioembolization of active renal vessel extravasation [4]. Given 
these trends, scenarios in which patients undergo acute ne-
phrectomy have become uncommon and noteworthy. The pres-
ent series highlights 2 patients who underwent nephrectomy 
after experiencing blunt renal trauma. In these cases, the de-
parture from what is considered standard nonsurgical man-
agement informs a discussion about the clinical scenarios in 
which nephrectomy may be beneficial when performed urgent-
ly or emergently. In highly select cases, acute nephrectomy af-
ter severe blunt trauma can be lifesaving and actually atten-
uate a patient’s risk of morbidity and mortality.

Case Reports

Case 1

A healthy 18-year-old man presented to our Trauma Center af-
ter a blow to his left flank during an American football game. 
On arrival, he had a Glasgow Coma Scale (GCS) score of 15, 
was normotensive, saturating well on room air, and in normal 
sinus rhythm on cardiac monitoring. His primary symptom 

was isolated left flank pain and he had only minimal abdom-
inal tenderness with no peritoneal signs. Initial computed to-
mography (CT) of the abdomen and pelvis revealed a lacer-
ated, anterolaterally displaced left kidney with an associated 
perinephric hematoma that measured 10.5 cm in maximal di-
ameter (Figure 1). There was no evidence of active extrava-
sation. Although the patient was hemodynamically stable, his 
imaging findings warranted admission to the Trauma Intensive 
Care Unit (ICU) for serial hemoglobin measurements and ab-
dominal examinations. His hemoglobin values declined from 
14 g/dL to 8.5 g/dL overnight and his base deficit worsened 
to -8. A repeat CT of the abdomen and pelvis with 5-min de-
lays showed a fractured left kidney. The perinephric hemato-
ma had grown to a maximum diameter of 15 cm and there was 
segmental artery dissection, contrast extravasation from the 
left renal pedicle, and hemoperitoneum. Overnight, the patient 
also had developed tachycardia and progressively worsening, 
diffuse, peritoneal abdominal pain. Given his newly acute ab-
domen, increasing tachycardia despite administration of crys-
talloid and blood products, and the interval radiographic evo-
lution of his left renal injury with vascular compromise, the 
patient was taken to the Operating Room (OR). An explorato-
ry laparotomy revealed hemoperitoneum and a zone II retro-
peritoneal hematoma atop the left kidney. Vascular control 
of the renal vessels was obtained medial to the left inferi-
or mesenteric vein. Further retroperitoneal exposure was ac-
complished through left medial visceral rotation (Mattox ma-
neuver) for left nephrectomy with sparing of the left adrenal 
gland. The remainder of the exploration was negative and the 
patient’s abdomen was irrigated and primary closure of the 
fascia was performed. He received a transfusion of 5 units of 
packed red blood cells.

After surgery, the patient’s condition improved significantly 
and he was discharged on hospital day 5. His creatinine level 

Description General management

I
Subcapsular hematoma/renal parenchymal contusion 
without laceration

Observation, no restrictions in absence of other injuries

II
Hematoma confined to Gerota’s fascia; laceration <1 cm 
with no urinary leak

Observation, bedrest, hemoglobin/hematocrit trending

III
Laceration >1 cm with no collecting duct injury; any urinary 
or vascular extravasation 

Resuscitation, angioembolization, H&H trending, 
hemodynamic monitoring

IV
Laceration of collecting system; ureteropelvic transection; 
hemorrhage beyond Gerota’s fascia; segmental vessel 
bleeding/thrombosis

Resuscitation, angioembolization vs operative 
management; above measures; likely repeat CT imaging*

V
Shattered kidney with destroyed parenchyma; main renal 
vessel avulsion; devascularized kidney with active bleeding

Similar to grade IV management, controversial and based 
on patient stability and response to resuscitation

Table 1. AAST Revised 2018 Renal Injury Grading Scale [2].

AAST– American Association for the Surgery of Trauma; CT – computed tomography; H&H – hematocrit and hemoglobin. * Current 
evidence on follow-up imaging is evolving literature.
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Figure 1.  Computed tomography angiography scans of the patient in Case 1. The axial view (A) shows a large left perinephric 
hematoma (white arrow). The coronal view (B) shows the full extent of the left retroperitoneal hematoma, as well as 
hemoperitoneum, as evidenced by the perihepatic free fluid (red arrow).

A B

Figure 2.  Contrast-enhanced computed tomography scans of the patient in Case 2. The axial view (A) shows devascularization of 
the left kidney, except for a small segment that is likely supplied by an accessory branch (white arrow). The coronal view 
(B) shows the full extent of the left retroperitoneal hematoma, with hemoperitoneum across the upper abdomen (red 
arrow) Note: This finding correlates with the patient’s positive focused assessment with sonography in trauma exam in the 
splenorenal window on arrival.

A B
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on arrival was 1.3, peaked at 1.8 on the day after surgery, and 
resolved to 1.2 on discharge. He did not require hemodialysis 
during his hospitalization or follow-up. His further recovery 
and follow-up visits in the Trauma Clinic were uncomplicated.

Case 2

A healthy 21-year-old woman presented to our Trauma Center 
as a transfer from an outside hospital. There was concern for 
a splenic injury because she had been involved in an all-ter-
rain vehicle accident and was ejected from the passenger seat. 
On arrival, her GCS score was 15 and she was tachycardic to 
115 bpm. She was normotensive, saturating well on room air, 
and had severe abdominal pain and left-sided upper- and low-
er-extremity pain from her orthopedic injuries. Her abdominal 
examination was notable for left-sided abdominal tenderness 
with voluntary guarding. A focused assessment with sonog-
raphy in trauma (FAST) examination of the left upper quad-
rant demonstrated modest free fluid in the splenorenal win-
dow. Laboratory analysis was significant for a hemoglobin of 
8.9 g/dL and base deficit of -8. Prior to the patient’s transfer, 
her hemoglobin was 11 g/dL, which supported the decision 
to begin blood product transfusion. Fortunately, the patient’s 
well-compensated hemodynamic status allowed for further 
evaluation. Contrast-enhanced CT of the abdomen and pelvis 
with 5-min delays revealed a shattered left kidney with active 
renal arterial extravasation, complete renal devascularization, 
and a large perinephric hematoma (Figure 2). Interventional 
Radiology (IR) became involved, but before their intervention 
could begin, the patient became tachycardic to 130 bpm with 
hypotension that did not respond to blood product transfu-
sion, which informed the decision for emergent laparotomy. 
Intraoperatively, there was some breakthrough hemoperito-
neum, but the patient’s spleen and other abdominal viscera 
were uninjured. The tense retroperitoneal hematoma was en-
tered medial to the inferior mesenteric vein, clots were evacu-
ated, and the renal vessels were ligated with sutures. The pa-
tient’s fractured left kidney was removed, her abdomen was 
systematically explored for additional injuries, and her abdom-
inal fascia was ultimately closed primarily. After surgery, the 
patient was resuscitated in the Trauma ICU and her acidosis 
(which reached a nadir of base deficit -12) and anemia from 

acute blood loss were corrected. She received a total of 5 units 
of blood product components. She was extubated the day af-
ter surgery and discharged 4 days later. Outpatient follow-up 
in our Trauma Clinic showed that she had made a full recov-
ery. She did not need hemodialysis during her hospitalization 
or follow-up. She continued to receive outpatient orthopedic 
care at our center for more than 1 year and was otherwise 
functional, healthy, and had no untoward renal dysfunction 
on routine laboratory analysis.

Discussion

The present series highlights 2 cases of isolated, high-grade, 
blunt renal trauma (Table 2). The patients in this series ar-
rived with normal vital signs but deteriorated, with shock and 
worsening abdominal examinations. They both became unre-
sponsive to fluids and required transfusion of multiple blood 
products. The decision to operate was based on the rate at 
which these patients became clinically unstable despite on-
going volume resuscitation.

Modern evidence-based therapy for renal injuries is largely 
focused on the power of either nonsurgical treatment or IR. 
The latest literature is replete with descriptions of advances 
in endovascular therapy for renal trauma [5,6]. Overall, only 
about 8% of all patients with renal trauma are managed with 
nephrectomy [7]. As the frontier broadens for endovascular 
techniques, it remains important to further clarify and discuss 
which cases should be managed surgically. For these reasons, 
surgical decision-making for severe renal trauma is dynamic, 
nuanced, and complex. In both cases presented here, IR was 
available for possible angioembolization and involved in dis-
cussing these cases. However, given the rate at which these 
patients deteriorated, with signs of hemorrhagic shock and 
acute abdomen, the IR team agreed with surgical manage-
ment over an endovascular approach for angioembolization.

In certain circumstances, exploratory laparotomy can be the 
safest maneuver for patients with AAST grades IV and V re-
nal injuries who are unresponsive or have only a transient re-
sponse to volume resuscitation. The 2019 kidney and urologic 

Hgb 
(arrival)

Hgb 
(nadir)

Base 
excess

Shock 
index

Transfusion 
requirements 

(units)

Creatinine 
(arrival)

Creatinine 
(peak)

ICU-LOS 
(days)

Total 
hospitalization 

(days)

Case 1 14 8.4 -7 0.81 5 1.3 1.8 3 4

Case 2 8.9 -- -12 1.19 8 1.0 1.0 3 4

Table 2. Comparison of nephrectomy cases.

Hgb – hemoglobin; ICU-LOS – Intensive Care Unit length of stay (rounded to nearest day). Shock index (worst preoperative value) is for 
heart rate/systolic blood pressure. Transfusion requirement includes total packed red blood cells, fresh frozen plasma, and platelets.
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trauma practice guidelines from the World Society of Emergency 
Surgery (WSES) and AAST outlined evidence about when sur-
gery is advisable (Table 3) [8]. This subcategory includes pa-
tients who are hemodynamically unstable or do not respond 
to transfusion of blood products, as well as those with severe, 
uncontrolled renovascular bleeding. Transient responders also 
may be candidates for surgery during the acute period. This 
subgroup of patients may respond to volume resuscitation 
for a given, as-yet-undefined interval, but by definition in the 
WSES-AAST literature, they are not considered clinically sta-
ble enough for observation or for IR procedures.

A delayed surgical repair should be considered for patients with 
renal pelvis leaks that are not amenable to endoscopic therapy. 
In some cases, renal devascularization can cause dysregulated 
renin-angiotensin-aldosterone feedback, leading to unremitting 
hypertensive emergencies. At times, these cases can be ten-
uous to manage without nephrectomy, especially when they 
occur in adults who have other cardiovascular comorbidities.

Defining an indication for trauma nephrectomy assumes that 
the injury pattern is clearly delineated or that there is isolat-
ed renal trauma. When patients have hemoperitoneum, and 
with severe left kidney injuries in general, there is a natural 
concern for associated splenic injury. Even in patients who 
do not have concomitant abdominal visceral injuries, severe 
blunt renal trauma can create clinical and radiographic signs 
that lead surgeons to the OR. A large perinephric hematoma 
can be perceived as positive with a FAST examination in the 
splenorenal view. Traumatic disruption or preexisting discon-
tinuity in Gerota’s anterior renal fascia can decompress a ret-
roperitoneal tamponade with an expanding perinephric hema-
toma [9]. The resultant retroperitoneal hematoma leak creates 
hemoperitoneum, which represents ongoing hemorrhage into a 
larger space. This can contribute to worsening shock and peri-
tonitis, which would be viewed as a valid reason to operate.

Intraoperative discovery of a devastating renal injury merits 
special consideration. Some patients are taken to the OR with 

an acute abdomen and hemodynamic instability before CT im-
aging is obtained. Cases also arise in austere clinical settings 
in which advanced imaging is not available. The classic dic-
tum is to explore all penetrating zone II retroperitoneal he-
matomas, but to only do so in cases of blunt trauma when 
the lesions are pulsatile or expanding [10]. Left medial viscer-
al rotation with the Mattox maneuver provides exposure for 
the left kidney; right renal exposure is accomplished through 
a right medial visceral rotation, known as the Cattell-Braasch 
maneuver [11,12]. The 2019 WSES-AAST kidney and urologic 
trauma guidelines state that with renal devascularization, hav-
ing a non-viable kidney is not an indication to operate in the 
acute setting. However, a nephrectomy is justifiable when a 
shattered kidney is discovered intraoperatively. In some cases, 
the presence of concomitant visceral injuries can be a source 
of contamination, and leaving a retained devascularized kid-
ney could be a nidus for a retroperitoneal abscess.

From a critical care standpoint, managing a trauma patient who 
has a retained, devascularized kidney is not without risk. For 
grade IV and V injuries managed without surgery, the poten-
tial for continued hemorrhage or rebleeding is a valid concern. 
These patients can be closely monitored with serial short-in-
terval hemoglobin and hematocrit measurements. There may 
be a role for modern, minimally invasive, continuous hemoglo-
bin monitoring technology, like the Masimo system [13]. Again, 
the stress of unchecked hypovolemia during the resuscitative 
phase can be detrimental to renal function in a patient’s re-
maining solitary kidney.

Retention of a shattered kidney also can predispose a patient 
to urinary leaks or urinoma, increasing the risk for sepsis. In 
general, urinary leaks should be repaired with stents or divert-
ed appropriately with drains provided by IR and Urology [14]. 
Delayed recognition and control of these complications can 
worsen sepsis. Acute respiratory distress syndrome and mul-
tiorgan dysfunction can ensue. Treatment of sepsis requires 
use of broad-spectrum antibiotics, some of which are neph-
rotoxic, and should be used judiciously in patients who have 

Hemodynamically unstable patients and those unresponsive to volume resuscitation have an indication for emergent laparotomy

Resuscitative endovascular balloon occlusion of the aorta (REBOA) may be helpful as a temporizing measure before the Operating 
Room

Severe renal vascular disruptions with active, unremitting bleeding are an indication for emergent laparotomy

Devascularized kidneys with good hemostasis do not require emergent operation in the absence of other indications for 
laparotomy

Stable patients and responders to volume resuscitation who have operative renal pelvis injuries can undergo delayed surgery in 
the absence of other indications for laparotomy

Table 3. WSES-AAST 2019 considerations for trauma nephrectomy [8].

AAST – American Association for the Surgery of Trauma; REBOA – resuscitative endovascular balloon occlusion of the aorta; 
WSES – World Society for Emergency Surgery.
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only a solitary functional kidney. This is even more important 
in patients who have multiple medical comorbidities, such as 
geriatric individuals, who are the fastest-growing subset of 
trauma patients in the United States [15].

The potential complications associated with nonsurgical man-
agement of severe renal trauma should be contrasted with the 
morbidity of nephrectomy. In general, laparotomy poses an in-
herent risk of surgical site infection and future hernia forma-
tion. Short- and long-term outpatient urological care should 
be a priority for patients who are discharged after undergo-
ing a nephrectomy.

Conclusions

Management of AAST grades IV and V renal injuries is domi-
nated by medical care with observation, volume resuscitation, 
and sometimes angioembolization. For patients who are acute-
ly unstable, respond transiently to transfusion of blood prod-
ucts, or who develop an acute abdomen, there is still a role 
for laparotomy with nephrectomy. Nephrectomy may be inev-
itable in situations in which unstable patients with bleeding 
are brought directly to the OR and renovascular disruption is 
identified intraoperatively. In the present series, we have de-
scribed 2 cases of trauma nephrectomy in young adults who 

had signs of worsening shock. The satisfactory outcomes are 
attributable to intensive monitoring with little to no delay 
in definitive management after their clinical deterioration. 
Endovascular therapy will continue to play a significant role 
in these cases. Knowing when to convert from nonsurgical 
therapy to surgery is crucial for management of patients with 
renal injuries. In most trauma patients, morbidity associated 
with nephrectomy is related to inadequate volume resuscita-
tion or delays in definitive control of the injury. In the present 
cases, prompt resuscitation and surgical intervention were fol-
lowed by an uncomplicated recovery with no need for hemo-
dialysis. Surgeons and interventionalists will continue to col-
laborate to provide the highest-quality care for patients with 
renal trauma, who have a diverse spectrum of injuries, all of 
which require deliberate and tailored care.
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