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Traumatic Renal injury in a UK Major Trauma Centre – Current Management strategies and the role of early re-imaging.

1. Introduction

Renal injury is the most common site of urinary tract trauma. The introduction of the Major Trauma Centre (MTC) network has led to the centralisation of UK trauma and subsequently exposed single centres to higher concentrations of renal injury. Renal trauma accounts for 1-5% of all trauma with 80-95% of cases resulting from blunt injury(1). Blunt renal injuries are typically caused by road traffic accidents, falls and assault. They are frequently seen as part of a polytrauma with other non-urological injuries. A higher proportion of penetrating injuries is seen in the urban setting and these injuries are typically more severe due to direct tissue damage.
Computed Tomography (CT) is the gold standard imaging modality to assess haemodynamically stable patients with suspected trauma. For suspected renal injury, the preferred imaging protocol is a multi-phase CT with pre-contrast, arterial phase, nephrogenic and delayed phase imaging. The produced images give an accurate description of; the presence of renal injury, the grade of the injury and the involvement of proximal organs. The most widely used grading  system for renal injury assessment is the American Association for the Surgery of Trauma (AAST) grading scale(2) (Table 1). In UK practice, patients typically undergo a whole-body multi-phase CT scan and additional phases may be required due to unsafe nature of a trauma patient remaining in a CT scanner for the delayed phase scan.  
The modern approach to the management of renal injuries favours conservative, non-operative interventions as this has been demonstrated to improve renal salvage rates and reduce incidence of complications(3,4). With advancements in interventional radiology techniques there has been increasing number of trauma patients undergoing embolization for bleeding with fewer reported complications in the literature(5).  As such, Angiography and embolization is now considered first line treatment for stable patients with active bleeding. Grade IV injuries with persistent urine extravasation can be managed with retrograde endoscopic ureteral stent. These more conservative approaches have rendered renal exploration and emergency nephrectomy increasingly uncommon events.
In haemodynamically unstable trauma cases, imaging is usually omitted in favour of emergency laparotomy. High grade renal injuries (Grades III-V) are often accompanied with other major injuries which can be simultaneously managed during exploratory laparotomy.
There is no clear consensus on the role of routine re-imaging in the first few days post-renal injury. The aim of repeat imaging is to minimise the risk of missed complications such as persistent urine leak, expanding haematoma, and vascular malformation such as pseudoaneurysm or arterio-venous malformation (AVM). Current European association of Urology (EAU) guidelines recommend repeat imaging in response to clinical changes such as; fever, worsening flank pain or falling haematocrit. Although no strong recommendations are made, omission of repeat imaging in grade I-IV injuries is suggested if patients remain clinically well(6). This study aims to analyse the contemporary management of renal injuries in a UK MTC and to evaluate the utility and value of follow up imaging.

2. Materials and Methods

All major trauma patients attending our MTC are entered into the prospectively maintained “Trauma Audit and Research Network (TARN)” database. The TARN database is maintained by dedicated TARN staff for all forms of major trauma and data is added to a national system. Prospectively collected data includes age, sex, mechanism, list of injuries, injury severity score(7) (ISS), operations and the TARN probability of survival score (PS14) which takes into account ISS as well as patient factors and co-morbidities(8).
The database was reviewed to identify all patients presenting with urinary tract injury between January 2014 and December 2017 (36 months). 
In cases of renal injury, further retrospective analysis of the medical records and the imaging modalities were performed. Extracted variables included: the initial mode of imaging, renal injury grade according to AAST, details of any early or late renal intervention, indication and results of any early or late re-imaging, and the incidence/frequency of complications.  Completion CT imaging with excretory phase urogram was not considered as follow-up re-imaging.
Unpaired t test was used to compare injury severity score (ISS) between patient groups. P<0.05 was considered statistically significant.

3. Results

A total of 11,047 trauma cases were recorded during the study period (36 months). From this cohort, 112 patients were identified as having sustained any urinary tract injury (1%), including 90 patients with renal injuries who were included in the final analysis. Male patients outnumbered female patients by a ratio of 7.2:1 (79 Males, 11 Females). The average age was 35.5 (SD 17.4, Range 1.5-94) and the average ISS 28.5 (SD 15.8, Range 4-66). 22 patients had associated bony pelvic fracture (all high-energy blunt injury). 
The majority of renal trauma resulted from blunt mechanisms (74%). Overall injury severity were: 18 (20%) grade I, 19 (21%) grade II, 27 (30%) grade III, 22 (24%) grade IV and 4 (4%) grade V. The distribution of injury by grade and mechanism are illustrated in Figure 1.
The vast majority of cases (84%) were managed conservatively. Early intervention (<24 hours) was recorded in 14 cases (16%). The majority of these cases were managed by interventional radiology (IR) techniques with angiography and embolization (8 patients – 9%) and attempted endovascular IR stent for devascularised kidney (1 patient - unsuccessful). Embolization was successful in all cases including two grade V injuries which did not require further invasive intervention. Collecting system injury was present in 21 out of 22 grade IV injuries. One patient had a ureteric stent insertion within the first 24 hours for a grade IV injury. Figure 2 illustrates the management of patients by grade. 
Surgery was performed on four patients, all of which underwent open renal exploration. These patients were haemodynamically unstable during their initial assessment and had immediate laparotomy by the duty trauma surgeon without preoperative CT. The characteristics of these patients are summarised in Table 2. Renorrhaphy was successful in renal salvage for two patients with penetrating injuries and the remaining two required nephrectomy. 
Laparotomy for other injuries without renal exploration was performed in 19 cases. In three of these cases, renal injury was managed with IR techniques (one embolisation pre-laparotomy, one attempted endovascular stenting post laparotomy for thrombosed renal artery, one embolisation of pseudoaneurysm).
Early inpatient re-imaging was performed in 59 patients (66%). Average time from initial to repeat CT scan was 3.4 days (range 0-25, SD 3.74). The majority of these were planned re-evaluation scans (49 patients; 83%) and the remaining scans (10 patients; 17%) were due to clinical indications such as fever, pain or suspicion of active bleeding. In the planned group, there were six additional relevant renal findings (12%). These included three cases of urine extravasation, one ureteric obstruction from foreign body and two pseudo-aneurysm formations. Retrograde endoscopic ureteric stent placement was performed for two cases with a further two cases of urine leak resolving uneventfully with continued conservative management. The two cases of pseudoaneurysms were managed successfully with selective embolization (both grade III injuries). 
In the clinical indications imaging group (n=10), there were three additional findings. Two of these findings were not related to the renal injury and one patient was noted to have a contralateral grade II injury which was managed conservatively.  Clinical management of renal injury did not change in any of these cases.
Overall, 12 patients (13%) did not survive at 30-days. The ISS was significantly higher in this group compared to those who survived 41.2 vs 26.5 (p<0.01) and PS14 score much lower 45.6 vs 92.1% (p<0.01). Of the 12 mortalities, 10 had contained stable renal injuries which did not contribute to their death. Two patients had grade V injuries resulting in emergency nephrectomy but also accompanied with other major injuries.

4. Discussion

This descriptive study demonstrates the increased concentration of renal trauma cases as a result of trauma service centralisation. Using the same inclusion criterion, a previous analysis at our institution between 2009 and 2013 yielded 36 cases of renal injury over 56 months (0.64 cases per month)(9). The previous analysis was performed at the early stage of implementation of the London trauma network. In comparison, our experience of 90 cases in 36 months (2.5 cases/month) demonstrates the maturation of the network and subsequent growth of trauma exposure at our unit.
This study highlights several key points with regards to the non-operative and operative management of renal trauma and also the role of re-imaging.
4.1 Non-operative management 

This study reinforces the growing consensus that most renal trauma can be managed safely with non- operative interventions (4). We have demonstrated that conservative management, without any intervention, is safe and feasible for stable patients with grade I-IV injury. Patients with active bleeding have been safely and successfully managed with angiography and embolization. The scope of cases manageable with embolization has expanded and even patients with some haemodynamic instability from isolated renal injuries can be safely managed in a well-supported and designed interventional radiology facility. This highlights the integral role of 24-hour interventional radiology services in major trauma centres(10). 
The historical belief that high-grade injuries always require open operative intervention has not been supported in this study. Two parenchymal grade V injuries were treated with single successful embolization with no further bleeding on repeat CT scans. Although the residual function of these kidneys was significantly impaired, no further complications such as fistula, sepsis or re-bleeding was detected. One further case underwent attempted endovascular stenting of a totally de-vascularised kidney but was unsuccessful. This was a case of traumatic thrombosis of the main renal artery (without active bleeding) and conservative management continued without the need for nephrectomy.
Similarly, in cases of collecting system injury, ureteric stenting is not always required(11). Of the 22 grade IV injuries in our series, 21 patients had collecting system injuries and 1 had a vascular grade IV injury. The majority of patients (86%) were successfully managed conservatively, with only 3 patients having retrograde ureteric stenting and 0 having percutaneous nephrostomy. No complications such as infected urinoma were seen. This supports the recommendation of a period of conservative management with follow up excretory phase CT. Ureteric stent insertion can be reserved for those with significant persisting urinary extravasation, urinoma or sepsis. Retrograde ureteric stenting has been our preferred option, as opposed to percutaneous nephrostomy and antegrade stenting. This is to minimise risk of further vascular injury to an already significantly injured kidney. Percutaneous nephrostomy would also invariably traverse a perinephric haematoma with a theoretical risk of introducing infection. An indwelling urethral catheter is also inserted to avoid reflux through the stent.
4.2 Operative Management
4.2.1 Laparotomy for associated injury
High grade renal trauma is frequently associated with other intra-abdominal injuries which may necessitate laparotomy. EAU guidelines recommend to proceed with renal exploration in the presence of laparotomy for associated injuries(12). However, this study has demonstrated that this is not always required. Patients undergoing laparotomy for associated injuries may frequently have renal injuries suitable for conservative management. In our series, 19 patients had laparotomy for associated injuries, but due to the lack of expanding/pulsatile haematoma, retroperitoneal exploration was not performed. In 3 of these cases, angiography and embolization was utilised for the renal injury and further renal intervention was not required.
These modern approaches represent a new attitude in managing renal trauma. When emergency laparotomy is indicated for trauma, the aim is to control bleeding, prevent contamination/infection and stabilise the patient. Therefore, renal exploration should be avoided as disturbing  the retroperitoneum may lead to loss of tamponade and increased bleeding thereby increasing operating time and higher probability of nephrectomy(13). 
4.2.2 Renal Exploration
The overall rate of renal exploration in our series was low at 4.4% (4 cases). The need for open renal exploration was indicated to manage ongoing haemodynamic instability. Only two nephrectomies were performed in our series and both patients were critically unstable on arrival, requiring cardiopulmonary resuscitation (CPR) in the operating theatre. Both patients did not survive. This demonstrates that emergency nephrectomy as a lifesaving procedure has become a very rare event in the era of vascular embolization. Conversely, unstable patients with penetrating injuries secondary to stabbing are more amenable to open renal repair with renorrhaphy(14). The decision for renal salvage is judged intra-operatively based on the viability of the kidney and haemodynamic stability of the patient. This decision can be assisted by the use of an intra-operative “one-shot” intravenous urogram (IVU) to confirm the presence of a contralateral kidney. In our series, both cases of renal repair were caused by stabbing. 
The overall low rates of operative intervention for renal trauma has implications on the role of Urologists in renal trauma. The modern trained UK Urologist is unlikely to experience many emergency intra-operative scenarios both in training and as a newly appointed consultant. MTC’s in the UK are continuing to develop, and the skillset of the “UK trauma surgeon” can be variable(15). Whilst a well-trained general or vascular surgeon on a trauma rota may be competent managing intra-operative renal injury scenarios, the Urologist may still be called upon. It is therefore important for Urologists working within MTCs to have a good understanding and experience of the modern management of renal trauma.

4.3 Need for Early Re-imaging

The aim of early re-imaging for renal trauma is to monitor for early complications such as ongoing bleeding, persistent urinary extravasation and vascular malformations(16). This has increasing importance with the growing number of patients being managed non-operatively. The timing and role of routine re-imaging is unclear. Up until 2012, EAU guidelines carried a grade B recommendation for repeat imaging between 2-4 days after injury. AUA and SIU guidelines both recommend follow up imaging at 48 hours (AUA) or 36-72 hours (SIU) for grade 4 or 5 injuries(17). Several studies have argued that routine re-imaging is not necessary in stable patients(18–21). Updated EAU 2018 guidance now recommends repeat imaging in response to clinical symptoms(12). 
In our institution, we have endorsed routine repeat imaging in the first 48 hours. The majority of these were planned re-imaging (83%), compared to clinical indications. In the planned asymptomatic group, 6/49 patients (12.2%) were found to have additional findings that necessitated a change in management in 3/49 patients (6.1%). All patients with additional findings had grade 3 injury or above. Interestingly, this implies that strict adherence to EAU guidelines may have resulted in missed complications presenting later with infected urinoma or major bleeding. In the case of pseudoaneurysms in our series, both developed from penetrating grade 3 injuries.  Our positive finding rates are similar to a recently presented large multi-centre study(21). Whilst it could be argued a 6% rate of re-intervention is low, we believe there may be a role for re-imaging in grade 3 or above injuries given the yield of additional findings and change in management demonstrated in our series. It may be suggested that penetrating injuries are at greater risk of developing vascular complications and therefore re-imaging would be more pertinent. The small numbers of patients in our subgroup analysis makes it difficult to define indications according to mechanism. A larger study with subgroup analysis would be necessary to clarify this.
Conversely, the clinical indication re-imaging group (n=10) did not yield any significant renal additional findings which altered patient management. Whilst these numbers are too small to draw significant conclusions, they demonstrate that depending on clinical features alone is unreliable for detecting evolving renal trauma pathology. Owing to this ambiguity and the significant findings in our asymptomatic group, we recommend routine reimaging in all grade III or above renal trauma patients. In keeping with other published studies, repeat imaging for low grade injuries (Grade I-II) did not demonstrate any complications in our series, therefore, routine re-imaging in this group is not required unless there are specific concerns. 

4.3.1 Optimal timing of reimaging 
The optimal timing for re-imaging is not clear. In our two cases of pseudo-aneurysm malformation, one case was diagnosed on CT scan at 2 days, however the second case did not demonstrate the abnormality on the initial repeat scan on day 2. A third CT scan was performed on day 7 for other reasons and demonstrated the pseudoaneurysm. Both of these cases resulted from penetrating injury. Whilst it is difficult to ascertain the optimal timing of repeat imaging, a small delay in repeat imaging in stable patients may maximise the potential to detect vascular abnormalities, whilst allowing a reasonable period of conservative management of extravasating injuries. 

4.4 Limitations

There are of course limitations to this study. Whilst the TARN data reliably captures all significant injuries due to prospective data collection, it is likely that low grade injuries are under-represented in our analysis. TARN does not capture patients who are discharged within 72hours of admission unless there is HDU/ITU requirement or the patient did not survive.  This is a single centre retrospective study with relatively small numbers, particularly when stratifying patients into subgroups. Larger multi-centre studies will give adequate power for subgroup analysis. In addition, due the nature of the major trauma network, many patients undergo follow up at their local hospitals meaning that long term follow up data for long term complications is lacking. This is particularly important for monitoring hypertension in high grade injuries managed conservatively.

4.5 Conclusions

In conclusion, the centralisation of trauma services has led to a focussed experience in dealing with high volume of high-grade renal injuries in major trauma centres. The modern management of renal trauma has evolved, with most cases managed conservatively. High grade injuries with active bleeding can be successfully managed by angiography and embolization, even when associated injuries necessitate exploratory laparotomy. Retroperitoneal exploration is not mandatory unless there is expanding/pulsatile haematoma or ongoing haemodynamic instability. 
The role of routine re-imaging of renal injury remains controversial. Whilst it is agreed that low grade injuries do not require re-imaging, high grade injuries (III- V) are at risk of developing complications. Re-imaging in the setting of clinical symptoms alone could result in missed complications, however, the optimal timing of imaging is unclear and larger data analyses are required. Based on our experience, repeat imaging should be considered 3-5 days post-injury in all grade 3 injuries and above unless there are clinical concerns mandating it to be performed earlier.
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