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The term ‘surveillance biopsy’, also often described as ‘protocol’ 
biopsy, refers to biopsies that are performed at pre-determined time 
points after renal transplantation in patients with stable allograft 
function in order to detect subclinical insults to the allograft, with the 
intent of early intervention so as to prolong allograft survival. Primarily, 
surveillance biopsies have been used to detect Sub Clinical Rejection 
(SCR), defined as histologic evidence of rejection in the absence of any 
clinical or biochemical signs of graft dysfunction [1]. Other potential 
benefits include early identification of acute humoral rejection in 
patients with known high donor specific antibodies, calcineurin-
inhibitor toxicity and other post-transplant complications such as BK 
virus nephropathy and recurrent disease, all of which may be amenable 
to intervention. Perhaps due to concerns related to the potential risks 
associated with the biopsy procedure, especially in the setting of a well-
functioning allograft, surveillance biopsies have not been universally 
accepted as a standard of care. Here, we briefly review the literature and 
attempt to answer the question: should surveillance biopsies be part 
of routine post-transplant care in pediatric renal transplant recipients?

Initial studies on the use of surveillance biopsies in adult renal 
transplant recipients reported a high prevalence of SCR. Data from 
the Winnipeg Transplant Group nearly two decades ago showed that 
30% of biopsies performed within the first 3 months post-transplant 
in adult recipients on a steroid-based immunosuppressive regimen 
with cyclosporine and azathioprine satisfied Banff criteria for Type 
I rejection [2]. Subsequently, the group demonstrated, for the first 
time, evidence for improved short term outcomes with the use of 
surveillance biopsies. In their study, patients were randomized 
to undergo surveillance biopsies at 1, 2, 3, 6 and 12 months post-
transplant and compared to controls who underwent biopsies at 6 and 
12 months or for clinical indication only; patients who were noted 
to have SCR received corticosteroid treatment. At 24 months after 
transplantation, compared to the control group, the early surveillance 
biopsy cohort had a significantly lower serum creatinine concentration 
[3]. Data from serial surveillance biopsies has also provided evidence 
that SCR is associated with the development of Interstitial Fibrosis 
and Tubular Atrophy (IFTA) of the allograft [3,4]. The presence of 
IFTA, in turn, is associated with decreased long-term graft survival; the 
presence of both IFTA and SCR, even if inflammation is mild, has been 
shown to be associated with worse graft survival than in the setting of 
IFTA alone [5,6]. IFTA can also be seen as a consequence of chronic 
calcineurin-inhibitor toxicity; several studies have suggested that early 
identification of IFTA and changing to a non-calcineurin inhibitor 
based immunosuppressive regimen (such as sirolimus), may slow the 
progression of graft fibrosis [7]. 

However, more recent studies in adult transplant recipients 
receiving contemporary immunosuppressive regimens have not 
shown a consistent benefit from the use of surveillance biopsies. Rush 
et al. performed a second randomized trial in adult recipients receiving 
steroid based immunosuppression with tacrolimus and mycophenolate 
mofetil. Recipients were randomized to surveillance biopsy at 1, 2, 3 
and 6 months versus a 6 month biopsy alone [8]. In this study, the 
prevalence of SCR was substantially lower than in previous reports (4.6% 
at 3 months). At 6 months post-transplant there was no difference in 
SCR, IFTA or serum creatinine concentration in those who underwent 
surveillance biopsies within the first 3 months as compared to controls. 
The low prevalence of SCR in this cohort presumably explains the lack 

of benefit of surveillance biopsies. However even in cohorts with a 
higher prevalence of SCR, the data are conflicting. Scholten et al, in a 
study that randomized recipients to the use of either cyclosporine or 
tacrolimus, identified SCR in 31% of surveillance biopsies at 6 months 
post-transplant; by design, the SCR was not treated. In this cohort, 
untreated SCR at 6 months (largely borderline in nature) was not 
associated with increased IFTA at 12 months or worse renal function 
at 2 years compared to those without SCR [9]. In contrast, Szederkenyi 
et al. randomized recipients to surveillance biopsies at either 3 and/or 
12 months versus biopsies for clinical indication only. SCR rates were 
higher in this cohort (seen in nearly half of all surveillance biopsies) 
with borderline changes accounting for 65% of those with SCR. Patients 
with SCR, with the exception of those who had borderline changes, 
were treated with corticosteroids. Also notable is that calcineurin-
inhibitor toxicity was identified in 21% of biopsies resulting in dose 
adjustment or conversion to alternative immunosuppressive therapy. 
The investigators found improved estimated glomerular filtration rate 
3 years post-transplant as well as improved allograft survival 5 years 
post-transplant in the biopsy arm [10].

Children may be less likely to manifest clinical signs of acute 
rejection, and as such screening for SCR may be particularly important 
in this population. It has been shown that children with acute rejection 
may not have an elevation in their serum creatinine concentration. This 
has long been postulated to be related to the size mismatch between 
recipient and donor [11]. Bunchman et al. reported that only 45% 
of young children less than 5 years of age had an elevation in their 
serum creatinine concentration at the time an acute rejection episode 
was diagnosed [12]. In this study other clinical indicators, such as 
hypertension and unexplained fever, were used as criteria for biopsy. 
Similarly, Birk et al. performed serial surveillance biopsies over a 36 
month time period post-transplant in a cohort of 21 pediatric renal 
transplant recipients and found that nearly one third of Banff grade 
Ia or higher acute rejection episodes diagnosed in this cohort were 
subclinical [13]. 

The prevalence of SCR in the first year post-transplant is reported 
to be high in children. Hymes et al. showed that 29% of pediatric 
renal transplant recipients had SCR at 3 months under steroid based 
maintenance immunosuppression with tacrolimus and mycophenolate 
mofetil [14]. Similarly, Seikku et al. reported a 39% prevalence of SCR 
on 3 month surveillance biopsies in a small group of pediatric patients 
[15]. At 6 months, the prevalence of SCR was reported to be 25% 
[16] and in a different study, 34% of children had SCR on 12 month
surveillance biopsies [17].
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While randomized studies have not been performed to determine 
whether allograft outcomes are improved as a result of surveillance 
biopsies in children, there is evidence to suggest that surveillance 
biopsies and the treatment of SCR in children may be beneficial. In 
children as in adults, subclinical inflammation has been associated 
with the development and progression of IFTA [13,18]. Shishido et al. 
examined the impact of late SCR on the progression of IFTA. Sequential 
biopsies were performed at 2, 3 and 5 years in living donor pediatric 
renal transplant recipients who had evidence of IFTA on 1 year 
surveillance biopsy. Those recipients with IFTA and SCR were more 
likely to have progression of IFTA on subsequent biopsies; moreover, 
those with repeated SCR on surveillance biopsy had significantly worse 
5 year creatinine clearance and poorer long-term graft survival [17]. 
Hymes et al. found that SCR, when treated at 3 months post-transplant, 
did not adversely impact renal function or increase risk of subsequent 
clinical rejection episodes during a mean follow-up time of 33 months 
[14]. 

Some of the hesitation in performing surveillance biopsies in 
children is related to the perceived risks associated with biopsies 
of stable allografts. However, adverse outcomes related to the use 
of surveillance biopsies are rare. Two relatively large single-center 
retrospective studies of ultrasound guided percutaneous biopsies of 
renal allografts in children did not report any serious adverse events 
such as the need for blood transfusion or surgical intervention 
secondary to the biopsy procedure [19,20]. The most common adverse 
events included macroscopic hematuria and perinephric hematomas; 
the incidence of both was higher with the use of 16-gauge as compared 
to 18-gauge biopsy needles. Additionally, the incidence of adverse 
events was not higher for transperitoneally placed grafts as compared 
to extraperitoneal kidneys [19].

In conclusion, the use of surveillance biopsies and the treatment 
of SCR have probable benefit on renal allograft outcomes and the 
risks are minimal. Children may be less likely to present with clinical 
signs of rejection relative to adults and thus may have more to gain 
from the use of surveillance biopsies as part of routine post-transplant 
monitoring. The optimal timing of surveillance biopsies, as well as the 
real impact of these biopsies on long-term allograft function, remains 
to be determined.
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