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Abstract Updated guidelines on the diagnosis of acute
allograft rejection including criteria for biopsy specimen
adequacy were published in 1999. We sought to deter-
mine the adequacy of specimens in paediatric transplant
patients and identify factors influencing adequacy. All
renal transplant biopsies performed between 1998 and
2003 were classified as adequate (n=25), minimal (n=19)
or inadequate (n=27) in accordance with the Banff 97
criteria, and the histological diagnoses were documented.
The effect on specimen adequacy of grade of operator,
method of sedation, age of child, needle gauge, number of
cores and total core length was then investigated. Overall,
a minimal or adequate specimen was obtained in 62% of
cases. No histological diagnosis could be made in 30% of
all specimens, just over half of which were inadequate.
Higher rates of rejection were found in adequate (52%)
than inadequate (33%) samples. The grade of operator
(p=0.498), the age of the child at the time of biopsy
(p=0.815) and type of sedation (p=0.188) did not affect
adequacy. More than one core was obtained in 38 (54%)
cases, and this was significantly associated with specimen
adequacy (p<0.0005) as was longer total core length
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(p=0.002). Clinical features in isolation are not sufficient
for the diagnosis of acute allograft rejection. Renal biopsy
remains the gold standard and relies on adequate speci-
men collection. Our data shows that specimen adequacy
according to the Banff 97 guidelines is achievable in
children and that more than one core at the time of
sampling significantly improves this achievement. Ade-
quate sampling reduces the risk of an inconclusive his-
tological diagnosis.
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Introduction

The gold standard for the diagnosis of renal allograft re-
jection is the kidney biopsy, as clinical criteria alone are
insufficient. Historically, allograft biopsy reports were
descriptive. The Banff Working Classification of Renal
Allograft Pathology was published in 1993 after the initial
meeting of pathologists and nephrologists in Banff, AB,
Canada in 1991 [1]. An alternative classification, known
as the Collaborative Clinical Trials in Transplantation
(CCTT) schema was also in use in the early 1990s, sup-
ported by the National Institute of Health. The Banff 97
guidelines, published in 1999, combined the previous
classifications and were adapted to take into account
consensus opinions from the interval Banff conferences
and the results from several large trials [2]. These
guidelines include more emphasis on the importance of
vascular changes and also include a modification to the
definition of biopsy specimen adequacy, to allow more
extensive examination of the vasculature. The grade of
rejection has been correlated with clinical prognosis and
graft outcome, highlighting the importance of an accurate
histological diagnosis [3, 4, 5, 6]. Table 1 compares the
Banff 93 and Banff 97 criteria for biopsy adequacy. In
2003, an addition to the Banff 97 guidelines was pub-
lished, regarding antibody-mediated rejection, but this did
not change the adequacy criteria [7].
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Table 1 Comparison of Banff

93 and Banff 97 criteria for re- Banff 93

Banff 97

nal allograft biopsy specimen Adequate >7 glomeruli

adequacy 1 artery
Minimal 1-6 glomeruli
(marginal) 1 artery
Inadequate

No glomeruli or arteries

>10 glomeruli

>72 arteries

>7 glomeruli

1 artery

<7 glomeruli or no arteries

There are no published data available to establish if
these guidelines are achievable in children. This study
was designed to assess the adequacy of renal allograft
biopsy specimens in a paediatric population and to in-
vestigate factors that could affect adequacy.

Subjects and methods

All renal transplant biopsies obtained between January 1998 and
January 2003, from children aged less than 19 years, were retro-
spectively reviewed by a single pathologist (A.H.). The number of
cores submitted, total core length, number of glomeruli and arteries
present and histological diagnosis were noted. The biopsies were
classified according to the Banff 97 criteria as adequate, minimal or
inadequate. A case note review was performed to establish the age
at the time of biopsy, the grade of the doctor doing the biopsy, the
type of sedation/analgesia used and the gauge of needle used. The
number of cores taken was corroborated with the procedure note.
Any adverse effects were noted.

All biopsies were obtained using an automated biopsy gun
(Biopty, Covington, GA, USA) with either a 16-guage or 18-gauge
needle. Ultrasound assistance, by a consultant radiologist, was used
in all cases, but this varied between real-time ultrasound and ul-
trasound guidance to locate the appropriate biopsy site immediately
before the needle was inserted. The exact ultrasound technique used
could not be established in all patients, due to inadequate docu-
mentation in the case notes and was therefore not entered into the
analysis. In addition to the sedation administered pre-procedure,
local anaesthetic was infiltrated to the kidney capsule in all cases.
Specimens were processed as per the Banff 97 guidelines, with
seven slides containing multiple sequential sections, cut at 3—4 mi-

cron intervals. Three slides were stained with hematoxylin and eo-
sin, three with silver stain and one with trichrome stain.

Chi-squared tests of homogeneity were used to investigate the
effect on biopsy adequacy (adequate, minimal or inadequate) of
each of the following variables in turn: grade of operator (consul-
tant or trainee); method of sedation (IV or general anaesthesia);
number of cores (I or >2); total core length (0-9, 10-19 or
>20 mm); age of child (<10, 10-14 or >15 years) and gauge of
biopsy needle (16 or 18).

Results

Seventy-one biopsies were performed on 31 patients with
a mean age of 12.2 years (range 4.4-18.4). Twenty-five
(35%) were classified as adequate, 19 (27%) minimal and
27 (38%) inadequate. Table 2 shows how the distribution
of biopsy adequacy grades was affected by the other
variables assessed. Neither grade of operator, method of
sedation nor age of the child significantly affected the
distribution of grades of biopsy adequacy. Taking more
than one core, or increasing total core length, significantly
and substantially improved the percentage of adequate
specimens. Seven biopsies were recorded as being done
with a 16-gauge needle and 31 with an 18-gauge needle,
but in 33 cases the needle gauge was not documented. In
view of this, no statistical comparison was made, but the
sample results suggest that there is little if any effect of

Table 2 Effect of operator

. Adequate Minimal Inadequate p_value
grade, sedation type, core (2 test)
number, core length, age and Total 25 (35%) 19 (27%) 27 (38%)
gauge of needle on biopsy
specimen adequacy Grade of operator

Consultant (42) 17 (40%) 11 (26%) 14 (33%) 0.492
Trainee (29) 8 (28%) 8 (28%) 13 (45%)
Method of sedation
IV sedation (62) 20 (32%) 16 (26%) 26 (42%) 0.188
General anaesthesia (9) 5 (56%) 3 (33%) 1 (11%)
Number of cores
1 (33) 4 (12%) 10 (30%) 19 (58%) <0.0005
>1 (38) 21 (55%) 9 (24%) 8 (21%)
Total core length
0-9 mm (12) 0 (0%) 2 (17%) 10 (83%) 0.002
10-19 mm (38) 13 (34%) 11 (29%) 14 (37%)
>20 mm (21) 12 (57%) 6 (29%) 3 (14%)
Age of child
<10 years (18) 7 (39%) 5 (28%) 6 (33%) 0.815
10-14 years (35) 11 (31%) 11 (31%) 13 (37%)
>15 years (18) 7 (39%) 3 (17%) 8 (44%)
Gauge of needle:
16 (7) 2 (29%) 2 (29%) 3 (43%) n/a
18 (31) 9 (29%) 9 (29%) 13 (42%)

Not documented (33) -
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Table 3 The histological diag-

Diagnosis
noses

Adequate (25) Minimal (19) Inadequate (27)

Rejection (total)
Suspicious (6)
Type I (16)
Type II (6)
Treated (1)
Acute tubular necrosis (14)
Polyoma virus (2)
Tacrolimus toxicity (1)

Chronic allograft nephropathy (2)

Tubular atrophy (1)

Ischaemic necrosis (1)

No histological abnormality (21)
No renal tissue (4)

13 (52%) 7 (37%) 9 (33%)
2 1* 3
8* 4 4
2 2 2%
1 0 0
6* 6* 2
0 1 1*
1 0 0
2% 0 0
0 1 0
0 0 1
5 5 11
0 0 4

* More than one diagnosis

choice of needle gauge on the distribution of biopsy ad-
equacy grades.

The histological diagnoses are shown in Table 3. Nine
of the 71 biopsies were diagnosed as rejection despite
being inadequate samples. This diagnosis was based on
the presence of an interstitial inflammatory infiltrate, with
evidence of tubulitis with or without arteritis. There were
four specimens with no renal tissue and a repeat biopsy
was performed in three of these cases, with an adequate
specimen being obtained. Two of these children had ev-
idence of rejection. The fourth patient’s creatinine re-
turned to baseline spontaneously. Two patients with his-
tological evidence of acute tubular necrosis also had
features consistent with rejection, specifically tubulitis,
and demonstrated improvement in renal function follow-
ing alteration of immunosuppressant therapy. Another 11
inadequate specimens had no obvious histological diag-
nosis. It would be impossible to exclude rejection in these
cases, but on review of the clinical histories, all the
children recovered their baseline creatinine without an
increase in their immunosuppression and maintained this
level for at least 2 months following the biopsy. In ad-
dition to the three children with no renal tissue on initial
biopsy, one further child underwent a second biopsy be-
cause of an inadequate specimen initially.

Of the 46 minimal or inadequate samples, 21 were
because of paucity of glomeruli alone; six were due to
insufficient arteries alone; and 19 were due to both in-
sufficient glomeruli and arteries, including four speci-
mens with no renal tissue. There were seven episodes of
gross haematuria, none of which required a blood trans-
fusion or surgical intervention. In all these cases, more
than one core had been taken. One patient developed an
arteriovenous fistula, which required a coil insertion
1 year later.

Discussion

The renal allograft biopsy is essential to establish a di-
agnosis of rejection. The Banff 97 guidelines set out di-
agnostic criteria for rejection, and, to ensure that this di-
agnosis can be made accurately, there are minimal re-

quirements for biopsy specimens. These requirements
were met in 62% of our samples, and this figure ap-
proached 80% when more than one core was taken, as
recommended in the Banff 97 guidelines. These results
are comparable with the biopsy adequacy rates reported in
the adult literature [8, 9, 10, 11], but we are not aware of
any paediatric transplant data addressing this issue, as
paediatric studies have combined allograft with native
kidney biopsies when looking at adequacy for histological
diagnosis [12]. Many of the older studies allowed lower
minimal requirements for the number of glomeruli and
did not require the presence of arteries to establish a
histological diagnosis in biopsy samples, potentially
overestimating the achieved adequacy rates. One previous
adult study comparing the impact of the change of ade-
quacy requirements between the Banff 93 and Banff 97
specimen adequacy criteria found that 86% of biopsies
were at least minimal according to Banff 97 [13]. These
results are somewhat better than ours and could be at-
tributed to the routine use of a dissecting microscope at
the time of biopsy to count the number of glomeruli ob-
tained, allowing further cores to be taken if the initial
sample is found to be inadequate. We do not have this
facility available in our institution. Since 40 out of 46
minimal or inadequate samples in our series had insuffi-
cient glomeruli, the routine use of a dissecting microscope
at the time of biopsy would be one possible method of
improving biopsy adequacy.

Beckingham et al. compared blind vertical-pass biop-
sy, ultrasound guided biopsy and ultrasound guided bi-
opsy with immediate microscopic examination of the
specimen [14]. They obtained cortical renal tissue in 75%,
91% and 100% of specimens, respectively; however, even
with immediate microscopy, there was a mean number of
only 9.3 glomeruli per specimen, which would be below
the requirements in the Banff 97 guidelines. Our institu-
tion has adopted the use of direct ultrasound guidance for
biopsies, but this was not consistent during the study
period.

Adult studies have compared different needle gauges
[10, 15]. Cahen found that a mean of 13 glomeruli were
obtained with a 14-gauge needle compared to seven
glomeruli using an 18-gauge needle, with no statistical



268

difference in complication rates [10]. A prospective study
comparing 14-, 16- and 18-gauge needles found that the
mean number of glomeruli obtained was 15, 11 and 9,
respectively [15]. The use of the 14-gauge needle was
associated with more pain, but there was no difference in
macroscopic haematuria rates. More recently, pediatric
data have shown higher macroscopic haematuria rates
with the use of 16-gauge needles compared with 18-gauge
needles [16]. We were unable to statistically analyse our
data with respect to the needle size used, as in many cases
it was not documented, although it was routine practice to
use an 18-gauge needle.

Similar to previous findings, in adult studies, we did
not detect any difference in the adequacy rate when
comparing the grade of operator, and there were no dif-
ferences in complication rates [14, 17].

The Banff guidelines recommend that two biopsy
cores be taken, preferably from different sites. Our results
would support this. In the past, only one core was taken to
minimise the potential for bleeding complications, but it
is now recognised that the need to make an accurate di-
agnosis outweighs the risks of taking more than one core.
The seven children (9.8%) in this study who developed
macroscopic haematuria had at least two cores of renal
tissue taken. Our rate of macroscopic haematuria is above
the rate of just under 3% quoted in the more recent lit-
erature [16, 18]. In one case, only medulla was obtained,
and this is known to be associated with increased mac-
roscopic haematuria rates. Four children, who developed
macroscopic haematuria, had three cores taken, as the
initial two cores were thought to be inadequate. On re-
view, it would appear that an adequate sample had been
obtained with two cores, adding to the argument for the
use of a dissecting microscope at the time of biopsy. No
child required a blood transfusion or surgical intervention.
We did not routinely screen for perinephric haematoma,
but rates of 36% are suggested in the literature [16].

Our data showed no difference between sedation
techniques on adequacy rates. Only a very small number
of our children received general anaesthesia, as it was
used only in very young children or in children who had
not previously responded to IV sedation.

Although a diagnosis was made in the majority of our
samples, there were 11 inadequate specimens in which a
diagnosis could not be made. Although on follow-up at
2 months none of the children had clinical rejection, we
accept that we have a small study population and that the
potential to miss rejection with an inadequate specimen is
real. Similarly, it is difficult to interpret these biopsies as
being completely normal, despite the clinical histories.
Obviously, the histological findings should be correlated
with the clinical findings and a repeat biopsy should be
obtained when clinically indicated. There were ten ade-
quate or minimal biopsies in which there was no histo-
logical diagnosis, and these were thought to be normal
biopsies, though there is the potential for sampling error
within the kidney. Interestingly, 52% of the adequate
samples showed rejection compared with 33-37% of the
minimal or inadequate samples, suggesting under-diag-

nosis in the latter two categories, although the clinical
histories do not support this. There were two biopsies
with acute tubular necrosis in addition to borderline or
type I rejection. One of these biopsies was of minimal
adequacy, with 15 glomeruli, but only one artery, and the
other was adequate. As an arteritis could not be excluded
histologically, both children received a brief increase in
immunosuppression, followed by a rapid taper, resulting
in a rapid return to baseline creatinine.

A correct diagnosis also relies on the interpretation of
the biopsy, and there have been concerns recently re-
garding the extent of interobserver variability in Banff
scores of rejection between pathologists [19, 20, 21]. This
problem was overcome in this study by review of all
biopsies by a single pathologist.

This is the first study examining the adequacy of renal
allograft biopsy specimens, with respect to the Banff 97
criteria, in children. Overall, we obtained reasonable ad-
equacy for our biopsy specimens, meeting at least the
minimal Banff criteria in almost 80% when more than one
core was taken. In 15% of the specimens, a histological
diagnosis was not possible because of inadequate renal
tissue. It is hoped that with direct ultrasound guidance the
adequacy rates will improve further. Secondly, as the
most common reason for specimen inadequacy was in-
sufficient glomeruli, we propose that this could be recti-
fied by the implementation of a dissecting microscope at
the time of biopsy to allow a rapid assessment of the
number of glomeruli present and to take further cores if
necessary.

In conclusion, the Banff 97 guidelines for specimen
adequacy are achievable in the majority of children. More
than one core should be sampled, to maximise total core
length, as this almost doubles the rate of successful bi-
opsy-specimen adequacy. Improved tissue sampling
should result in more accurate diagnoses, but correlation
with the clinical picture is still required.

References

1. Solez K, Axelsen RA, Bendiktsson H, Burdick JF, Cohen AH,
Colvin RB, Croker BP, Droz D, Dunnill MS, Halloran PF,
Hayry P, Mennette JC, Keown PA, Macussen N, Mihatsch MJ,
Morozumi K, Myers BD, Nast CC, Olsen S, Racusen LC,
Ramos EL, Rosen S, Sachs DH, Salomon DR, Sanfilippo F,
Verani R, Von Willebrand E, Yamaguchi Y (1993) Interna-
tional standardization of criteria for the histological diagnosis
of renal allograft rejection: The Banff working classification of
kidney transplant pathology. Kidney Int 44:411-422

2. Racusen LC, Solez K, Colvin RB, Bonsib SM, Castro MC,
Cavallo T, Croker BP, Demetris AJ, Drachenberg CB, Fogo
AB, Furness P, Gaber LW, Gibson IW, Glotz D, Goldberg JC,
Grande J, Halloran PF, Hansen HE, Hartley B, Hayry PJ, Hill
CM, Hoffman EO, Hunsicker LG, Lindblad AS, Marcussen N,
Mihatsch MJ, Nadasdy T, Nickerson P, Olsen TS, Papadim-
itriou JC, Randhawa PS, Rayner DC, Roberts I, Rose S, Rush
D, Salinas-Madrigal L, Salomon DR, Sund S, Taskinen E,
Trpkov K, Yamaguchi Y (1999) The Banff 97 working clas-
sification of renal allograft pathology. Kidney Int 55(2):713—
723

3. Palomar R, Ruiz JC, Zubimendi JA, Cotorruelo JG, Hernandez
H, Rodrigo E, Val Bernal JF, Arias M (2002) Is there any



10.

11.

correlation between pathologic changes for acute rejection in
kidney transplantation (Banff 97) and graft function? Trans-
plant Proc 34:349

. Haas M, Kraus ES, Samaniego-Picota M, Racusen LC, Ni W,

Eustace JA (2002) Acute renal allograft rejection with intimal
arteritis: Histological predictors of response to therapy and graft
survival. Kidney Int 61:1516-1526

. Tanaka T, Kyo M, Kokado Y, Takahara S, Hatori M, Suzuki K,

Hasumi M, Toki K, Ichimaru N, Yazawa K, Hanafusa T,
Namba Y, Oka K, Moriyama T, Imai E, Okuyama A, Ya-
manaka (2004) Correlation between the Banff 97 classification
of renal allograft biopsies and clinical outcome. Transpl Int
17:59-64

. Mueller A, Schnuelle P, Waldherr R, van der Woude F (2000)

Impact of the Banff 97 classification for histological diagnosis
of rejection on clinical outcome and renal function parameters
after kidney transplantation. Transplantation 69(6):1123-1127

. Racusen LC, Colvin RB, Solez K, Mihatsch MJ, Halloran PF,

Campbell PM, Cecka MJ, Cosyns JP, Demetris AJ, Fishbein
MC, Fogo A, Furness P, Gibson IW, Glotz D, Hayry P, Hun-
sickern L, Kashgarian M, Kerman R, Magil AJ, Montgomery R,
Morozumi K, Nickeleit V, Randhawa P, Regele H, Seron D,
Seshan S, Sund S, Trpkov K (2003) Antibody mediated rejec-
tion criteria—an addition to the Banff 97 classification of renal
allograft rejection. Am J Transplant 3:708-714

. McDonald MW, Sosnowski JT, Mahin EJ, Willard DA, Lamm

DL (1993) Automatic spring-loaded biopsy gun with ultrasonic
control for renal transplant biopsy. Urology 42(5):580-582

. Nicholson ML, Attard AR, Bell A, Donnelly PK, Veitch PS,

Bell PRF (1990) Renal transplant biopsy using real-time ul-
trasound guidance. Br J Urol 65:564-565

Cahen R, Trolliet P, Jean G, Megri K, Dijoud F, Francois B
(1995) Automated renal transplant biopsy with real-time ul-
trasonic guidance. Transplant Proc 27(2):1729-1730
Nankivell BJ, Borrows RJ, Fung CLS, O’Connell P, Allen
RDM, Chapman JR (2004) Evolution and pathophysiology of
renal-transplant glomerulosclerosis. Transplantation 78(3):461—
468

12.

13.

14.

15.

16.

17.

19.

20.
21.

269

Hussain F, Watson AR, Hayes J, Evans J (2003) Standards for
renal biopsies: comparison of inpatient and day care proce-
dures. Pediatr Nephrol 18:53-56

Quiroga I, Morris-Stiff G, Baboo R, Griffiths D, Baboola K,
Moore R, Darby C, Lord R, Jurewicz AW (2001) The new
Banff classification of renal transplant biopsies: a major impact
on the adequacy of the cores taken. Transplant Proc 33:1154—
1155

Beckingham 1J, Nicholson ML, Kirk G, Veitch PS, Bell PRF
(1994) Comparison of three methods to obtain percutaneous
needle core biopsies of a renal allograft. Br J Surg 81:898-899
Nicholson ML, Wheatley TJ, Doughman TM, White SA,
Morgan JDT, Veitch PS, Furness PN (2000) A prospective
randomized trial of three different sizes of core-cutting needle
for renal transplant biopsy. Kidney Int 58(1):390-395

Vidhun J, Masciandro J, Varich L, Salvatierra O, Sarwal M
(2003) Safety and risk stratification of percutaneous biopsies of
adult-sized renal allografts in infant and older pediatric recip-
ients. Transplantation 76(3):552-557

Beckingham 1J, Nicholson ML, Bell PRF (1994) Analysis of
factors associated with complications following renal transplant
needle core biopsy. Br J Urol 73:13-15

. Benfield MR, Herrin J, Feld L, Rose S, Stablein D, Tejani A

(1999) Safety of kidney biopsy in pediatric transplantation: A
report of the controlled clinical trials in pediatric transplanta-
tion trial of induction therapy study group. Transplantation
67(4):544-547

Furness PN, Taub N (2001) International variation in the
interpretation of renal transplant biopsies: Report of the
CERTPAP project. Kidney Int 60(5):1998-2012

Howie AJ (2002) Problems with Banff. Transplantation
73(9):1383-1384

Furness PN, Taub N, Assmann KJ, Banfi G, Cosyns JP, Dor-
man A, Hill CM, Kapper SK, Waldherr R, Laurinavicius A,
Marcussen N, Martins AP, Nogueira M, Regele H, Seron D,
Carrera M, Sund S, Taskinen EI, Paavonen T, Tihomirova T,
Rosenthal R (2003) International variation in histological
gradings is large and persistent feedback does not improve
reproducibility. Am J Surg Path 27(6):805-810



