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Objectives To record pre-existing renal lesions (PERL)

found incidentally during evaluation for blunt renal

trauma in children, determine their importance,

suggest guidelines for the effective initial manage-

ment of children with significant renal trauma and

to evaluate the role of temporary percutaneous

nephrostomy tube drainage (TPND) in these patients.

Patients and methods We reviewed 338 children who

were hospitalized with blunt abdominal trauma

between 1992 and 2000. Thirty-one patients had sig-

nificant renal injury, 17 before 1997 (reviewed

retrospectively) and the others reviewed and followed

prospectively.

Results Eleven of the 31 children had a PERL, which had

been undiagnosed before the injury. The mean (range)

follow-up was 52 (15–104) months. There were 22

boys and nine girls (mean age 9.1 years, range 2–13).

The mean age was lower in patients with a PERL than

in children with isolated renal injury. The most

common cause of blunt renal injuries was a fall (45%)

followed by motor vehicle accidents. Renal stones

were present in five children, pelvi-ureteric junction

obstruction in four, megaureter in one and a renal

cyst in one. The mean injury severity scores were 12

in the children with a PERL and 14 in patients

without. TPND was used in seven (22%) children; four

were associated with a PERL. The mean grade of

injury score for the kidney was higher in patients

with a PERL and in children who underwent

TPND than in patients who previously had a

normal kidney and in children who did not undergo

TPND. Early surgical intervention was required in

three children; all were associated with a PERL. Of the

13 children who underwent surgery 11 had previous

disease.

Conclusions The frequency of PERL is high (36%) in

children with blunt renal trauma. PERL can predis-

pose minor trauma to cause kidney injury even with

no evidence of hydronephrosis. When a minor trauma

results in renal injury, it is important to seek a PERL.

In selected patients, TPND may decrease the length of

hospital stay and improve the outcome of the injured

kidney, thereby decreasing the need for further

surgery in those with isolated renal injury; however,

it appears not to decrease the need for later operations

in children with a PERL.
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Introduction

The vast majority of renal injury is caused by blunt

trauma, which is not uncommon in childhood [1–5], and

the kidney is the most frequently injured organ in blunt

abdominal trauma in children [5–7]. Pre-existing renal

lesions (PERLs), found incidentally during evaluation for

suspected renal injury, are uncommon. However, they

may complicate an otherwise negligible renal trauma,

while in some cases they may be vitally important for the

patient’s final outcome [8]. Children are more likely to

sustain renal injury from blunt abdominal trauma than

adults [6,9,10] and PERLs seem to be more commonly

associated with renal injuries in children than in adults.

Esho et al. [11] reported that the incidence of PERL with

kidney trauma was 15.4% for children and 4.4% for

all age groups.

Blunt renal trauma may disclose occult renal anom-

alies in children. The traditional controversy between

observation and invasive surgery for patients with

trauma still exists, but new treatment protocols have

been proposed for patients with traumatic renal injury,

and an optimal strategy for managing this common

childhood injury has not been developed yet. The aims of

the present study were: (i) to record the pathological

lesions of the kidney found incidentally during evaluation

for blunt renal trauma, by specifically studying signs and

symptoms and a radiographic evaluation to determineAccepted for publication 21 February 2002
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their frequency, effects, types and importance;

(ii) to determine guidelines for an effective initial

management in children with significant renal trauma;

and (iii) to evaluate the role of temporary percutaneous

nephrostomy tube drainage (TPND) in these patients.

Patients and methods

The records of 338 children who were hospitalized with

blunt abdominal trauma between 1992 and 2000 were

reviewed. The patients who had blunt trauma before

1997 were reviewed retrospectively, while the others

were reviewed and followed prospectively. Patients with

incomplete charts were excluded from the study. Several

factors were assessed; age, sex, mechanism of injury, side

of injury, clinical findings, radiological studies, previous

renal conditions, severity of injury, associated injuries,

and management of patients with blunt renal injury.

Imaging methods included CT (and helical CT), ultra-

sonography (US) and/or IVU. Injury severity scores

(ISS) were calculated by using the abbreviated injury

scale. According to the Organ Injury Scaling Committee

of the American Association for the Surgery of Trauma,

renal injuries were graded, based on CT results or

laparotomy findings, with major injuries classified as

grade IV or V.

Indications for TPND were urinary obstruction with

severe extravasation or expanding urinoma with

adynamic ileus or flank discomfort. Loop-ended catheters

were placed under local anaesthesia and basal sedation,

with US guidance, from a posterolateral approach;

general anaesthesia was not used and fluoroscopic

guidance to place the catheter was not required in any

children. The patients who underwent TPND received

trimethoprim-sulfamethoxazole (2 mg/kg/day) as a pro-

phylactic antibiotic until removal of the catheter. TPND

was used to shorten the hospital stay, to decrease the

need for further surgery or facilitate later operations,

to decrease the complication rate and improve the

outcome. The results were assessed statistically using

the Mann–Whitney U-test, Fisher’s exact test and the

chi-square test, with statistical significance indicated

at P<0.05.

Results

In all, of 338 patients, 28 had a PERL; 11 (39%) of these

traumatized patients had renal injury. Significant blunt

renal injury was detected in 31 children (22 boys and

nine girls, mean age 9.1 years, range 2–13). The mean

(range) follow-up was 52 (15–104) months, and the

time from the trauma to admission was 8 (2–18) h. The

most common cause of blunt renal injuries was falls

(14 patients), followed by motor vehicle accidents

(Table 1). Most of the children had flank pain and

haematuria, with gross haematuria in 15 patients and

microscopic haematuria in five (Table 2). A palpable

mass was present in seven children. Over half of the

patients were 5–10 years old and the mean age was

lower in patients with a PERL than in those with isolated

renal injury (Table 2).

All patients with a PERL had been undiagnosed before

the injury; all the renal injuries occurred at the side of

kidney associated with the PERL. A renal stone was the

most common finding (five), with a mean (range) stone

size of 11 (8–17) mm. Four children had PUJ obstruction

while in one the trauma to the kidney was accompanied

by rupture of a large cortical cyst. A megaureter was

detected in one patient. The risk of blunt renal injury was

12 times higher when the injured kidney was already

diseased (P<0.001). Of the 11 patients with a PERL,

seven had hydronephrosis but there was no hydro-

nephrosis in four of the patients who had a PERL with

trauma at the time of admission. Additional injuries were

present in eight patients; five had associated intra-

abdominal organ injuries, two had an extremity injury,

and one had a cranial injury. The renal injury findings on

imaging studies are summarized in Table 2. The mean

(range) ISS was 12 (4–38) in the children with a PERL

and 14 (5–44) in the those without. The mean grade of

injury for the kidney was higher in patients with a

PERL and in children who underwent TPND than in

those who had a normal kidney previously or had no

TPND (Table 2).

Immediate surgical intervention was required in three

children (two with renal calculi and one with a ruptured

renal cyst) because of haemodynamic instability and

persistent bleeding; all had major renal injuries and were

associated with a PERL. The mean (range) ISS was

Table 1 Sex and age distribution, side and mechanism of injury,

and associated injuries

Characteristic With PERL No PERL

Number 11 20

Sex

Male 8 14

Female 3 6

Side of injury

Right 4 9

Left 7 11

Mechanism of injury

Falls 8 6*

Motor vehicle accidents 2 11*

Sports 1 3

Additional (associated) injury 2 6

*P<0.05.
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26 (19–44) in these three children. One patient had a

nephrectomy, one a partial nephrectomy, and one a renal

laceration repaired. The kidney injury was treated

conservatively with no TPND in 17 (55%) children

who had an isolated renal injury; two required surgical

intervention 3 months after the trauma because of

secondary urinary obstruction. Catheter placement was

satisfactory in all seven procedures; the mean (range)

duration of drainage was 18 (16–22) days in patients

with isolated renal trauma, but was 4 (3–6) months in

patients with a PERL. Obstruction and extravasation

were successfully relieved and urinomas resolved in all

seven patients. No complications, e.g. loss of the kidney,

serious infection or clinically important haemorrhage,

occurred. Of the children with trauma, 13 underwent

surgery, 11 of whom had previous disease. However,

eight of these children underwent surgery for the PERL

and not trauma (3–6 months after hospital discharge),

with a pyeloplasty in four, pyelolithotomy in three and

ureteroneocystostomy in one.

Delayed exploration with no period of TPND was

undertaken in four children with a PERL. Surgery was

difficult because of the dense retroperitoneal scarring and

oedema in these patients; of these four, two had urinary

extravasation and two PUJ obstruction. Delayed explora-

tion with TPND was used in four children with a PERL,

two of whom had severe urinary extravasation and

expanding urinoma, causing flank discomfort with ileus,

while the other two patients had PUJ obstruction and

severe urinary extravasation; all of them had uncompli-

cated repairs. Three patients with isolated high-grade

renal injury were treated conservatively and underwent

Table 2 The age, symptoms, findings, severity of kidney injuries, complications, mean hospitalization and mean GFR in the injured

kidney at last the follow-up in children who sustained blunt renal trauma

Variable With PERL No PERL With TPND No TPND

Number 11 20 7 24

Age, years

<5 3 2 1 4

5–10 7 10 5 12

>10 1 8 1 8

mean (SD) 7.1 (2.3) 10.6 (3.6)† 8.4 (2.9) 9.2 (2.7)

Symptoms/signs

Flank pain 11 10† 7 14*

Haematuria 11 9† 7 13†

Vomiting 7 4* 7 4†

Abdominal pain 4 6 4 6

Mass 5 2 6 1†

Initial findings on imagining

Laceration 9 10 6 13

Haematoma 4 8 4 8

Extravasation 7 4* 6 5†

Hydronephrosis 7 2† 6 3†

Severity of injury, grade

I 1 7 0 8*

II 3 8 1 10*

III 4 3 4 3*

IV 2 2 2 2

V 1 0 0 1

Mean 2.9 2.0* 3.1 2.1*

Complications

Haemorrhage 3 1 1 3

Abscess formation 2 0 0 2

Urinoma formation 1 1 0 2

Kidney atrophy 1 0 0 1

Secondary hydronephrosis 0 2 0 2

Renal scar on scintigraphy 3 3 0 6*

Post-traumatic hypertension 1 1 0 2

Calculi 0 1 0 1

Mean hospitalization, days 8.4 6.8* 5.6 9.3†

Mean GFR, mL/min 38.6 44.2 47.4 32.1

*P<0.05 between the patients ‘with PERL’ and ‘no PERL’, or ‘with TPND’ and ‘no TPND’; †P<0.01 between the patients ‘with PERL’ and
‘no PERL’, or ‘with TPND’ and ‘no TPND’.
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TPND; they all had severe urinary extravasation and

expanding urinoma causing flank discomfort with ileus,

and had an uncomplicated recovery after TPND. The

mean hospital stay for patients who underwent TPND

was less than for patients who did not undergo TPND,

whereas there was no significant difference between

patients with a PERL and those without (Table 2).

The complications in patients with renal injury are

shown in Table 2; all occurred on the side of the injured

kidney. After >4 years of follow-up, six children who did

not undergo TPND had a renal scar on scintigraphy

(three were associated with a PERL), while none with

TPND had renal scarring (Table 2). The mean GFR in the

injured kidney at the last follow-up was higher in patients

who underwent TPND than in children who did not

(Table 2). In all seven patients who had TPND complete

function of the kidney was preserved and all renal

injuries except one (haemorrhage not requiring therapy

in one patient) healed with no complication.

Discussion

Renal abnormalities associated with traumatic injuries

increase the risk of renal injury secondary to blunt

trauma, and these abnormal kidneys are easily injured,

even with relatively minor blunt trauma [1,5,11,12].

The incidence of PERL associated with kidney injury in

blunt abdominal trauma is 5–21% [8,13–15]. In the

present series the incidence of PERL was much higher

than reported previously, possibly because the prev-

alence of kidney disease, and particularly urolithiasis, is

relatively high in our region [16]. The delay in the

diagnosis or misdiagnosis in symptomatic patients may

also be important in this high incidence; five of the

present patients had renal stones undiagnosed before

the trauma.

Renal trauma in childhood is commonest in children

aged >10 years, with boys predominant [1,4]. In the

present series, renal injury occurred in younger patients

with a PERL, and renal trauma was almost three times

more frequent in boys. Elsewhere, the most frequent

cause of blunt trauma is road traffic accidents, which

account for >75% of the total, followed by falls and

sporting injuries [1,5]. However, in the present study, the

most common cause of trauma was falls (45%), probably

because of the customary sleeping conditions in our area;

traditionally, people sleep on a bed about 1 m from the

floor and renal trauma occurred by falling from the bed in

eight patients (26%). Although this type of fall may not

cause a more severe injury than other types of fall, it

supports the idea that abnormal kidneys are more prone

to minor trauma. Interestingly, four of the present

children with a PERL presented with renal injury but

no hydronephrosis. This shows that PERLs render

kidneys more susceptible to minor trauma even without

hydronephrosis.

In adults, gross or microscopic haematuria with

hypertension after blunt trauma is correlated with

significant renal injury requiring radiographic investiga-

tion, but these clinical criteria proposed to guide the

radiographic evaluation of the adult population may not

apply to children [17]. In a prospective analysis of 180

children with suspected renal injury, Morey et al. [18]

showed that only one of 147 patients (0.7%) with

microscopic haematuria, and nine of 33 children (27%)

with gross haematuria had significant renal injuries. In

the present series there was more substantial haematuria

in patients with significant renal injuries. There was no

correlation between the significance of the renal injury

and the number of associated injuries. The high incidence

of PERL in the present study might explain this. Gross

haematuria, flank pain and palpable mass were the most

helpful findings on admission; these findings were more

common in patients with a PERL and correlated well with

the severity of renal trauma. Trauma to patients with

a PERL produced more symptoms than expected from the

extent of the injury. In addition, a PERL increased the

length of hospital stay, while TPND decreased it. Morey

et al. [18] suggested that patients in whom renal

contusions were suspected from the history, physical

examination and urine analysis could safely be spared

radiographic imaging. Children with microscopic hae-

maturia and no evidence of associated injuries might not

need emergency radiographic evaluation but they should

undergo daily urine analysis. When microscopic haema-

turia persists after 1 week, appropriate renal imaging

should be undertaken. PERLs may be present in the

setting of trauma, and thus they may be missed if

radiographic studies for blunt trauma are limited in

children. Therefore, patients with gross or even micro-

scopic haematuria associated with flank pain and/or

a palpable mass should undergo radiographic imaging.

Recently, several studies have shown that IVU has a very

low yield and rarely alters the treatment in children with

blunt renal trauma, especially in those with isolated

microscopic haematuria [19,20]. However, abdominal

CT not only confirms or excludes a diagnosis of renal

injury with high accuracy, but also often diagnoses other

solid organ injuries [18,21,22]. Contrast-enhanced

helical CT can reliably detect traumatic renal injuries,

including occlusion of the renal artery [21,23]. It is time-

saving and minimizes patient radiation exposure [24].

Although a few of the present patients underwent

abdominal contrast-enhanced helical CT, it is probably

the study of choice in children with blunt abdominal

trauma. Developing experience with the technique and

understanding the subtleties of interpretation can further

improve diagnostic accuracy.
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The management of patients with blunt renal trauma

has become increasingly conservative, and surgical

intervention is uncommon. The management of high-

grade renal injury in haemodynamically unstable

children is clearly defined. However, the management

of major renal injuries after blunt trauma, particularly in

children with a PERL and in clinically stable patients,

remains controversial. TPND is a common procedure in

adults but used less in children with trauma. TPND is

simple, safe and effective, and can be used successfully

with no significant complication for short- and long-term

drainage in all children, even in small infants and those

with solitary kidneys [25–28]. Laurin et al. [25] reviewed

71 TPND procedures in 59 children with congenital or

postoperative obstruction, stone, renal cystic disease and

trauma. The mean duration of drainage was 60 days and

the maximum 11 months. They reported no complica-

tions, e.g. infection or haemorrhage, that required

intervention. In two large series, [29,30] there was a

98% success rate for TPND, with a 5.6–6% complication

rate in patients with urinary obstruction or urinary

fistulae in an emergency setting. Although urinary

extravasation and urinoma have been a relative indica-

tion for surgical approach [7,31], we do not consider that

urinary extravasation alone, with no haemodynamic

instability, obstruction or expanding urinoma, warrants

initial surgery in these children. Kase et al. [32] suggested

that expectant management of blunt renal trauma might

be reliable if the patient is stable, even if there is rupture.

Russell et al. [10] recently reported the spontaneous

resolution of urinoma in nearly two-thirds of their

children. They therefore suggested a conservative

approach in children with urinary extravasation

caused by blunt renal trauma. They used percutaneous

urinoma drainage in five patients, which was successful

only in two [10]. Percutaneous drainage failed and high

drainage output continued in three of these five patients,

and the leakage resolved after endoscopic ureteric

stenting. We consider that the cause of failure in these

three patients was placement of the TPND tube into

the urinoma, instead of the pelvicalyceal system. If the

catheter was placed into the collecting system after

persistent urinoma, the high drainage might resolve

without inserting a ureteric stent. In addition, a

disadvantage of such a stent is that drainage may not

be optimal because the calibre of the stent is too small,

particularly in infants and young children. Moreover,

inserting and removing a ureteric stent requires general

anaesthesia in children. In the present series the patients

who had severe extravasation with large urinoma

causing flank discomfort or adynamic ileus benefited

from TPND with no complications, possibly because they

received prophylactic antibiotics. The present results

indicate that TPND may decrease the need for further

surgery in patients with an isolated kidney injury,

making further surgery easier, thus decreasing the

operative duration and complications. In addition,

increasing pelvi-ureteric obstruction from clots can be

decompressed by the nephrostomy; therefore, a TPND

may be beneficial in such cases.

The most common complications of renal trauma

include haemorrhage, abscess and urinoma formation;

there is a high incidence of late complications after

kidney trauma, e.g. kidney atrophy, secondary hydro-

nephrosis, post-traumatic hypertension and calculi [1].

In the present series the follow-up is currently >4 years.

Complication rates were higher in children who did not

undergo TPND, regardless of the presence of a PERL. In

contrast, all seven patients who underwent delayed

exploration or conservative management with TPND

recovered completely with no complication. In addition,

the functional outcome of the kidneys with TPND was

better. These results need to be confirmed in more

children.
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