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Abstract
Excellent short- term survival after pediatric liver transplantation (LT) has shifted 
attention toward the optimization of long- term outcomes. Despite considerable 
progress in imaging and other noninvasive modalities, liver biopsies continue 
to be required to monitor allograft health and to titrate immunosuppression. 
However, a standardized approach to the detailed assessment of long- term 
graft histology is currently lacking. The aim of this study was to formulate a 
list of histopathological features relevant for the assessment of long- surviving 
liver allograft health and to develop an approach for assessing the presence 
and severity of these features in a standardized manner. Whole- slide digital 
images from 31 biopsies obtained ≥4 years after transplantation to determine 
eligibility for an immunosuppression withdrawal trial were selected to illustrate 
a range of typical histopathological findings seen in children with clinically 
stable grafts, including those associated with alloantibodies. Fifty histologi-
cal features were independently assessed and, where appropriate, scored 
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INTRODUCTION

Advances in liver transplantation (LT) have greatly im-
proved the outlook of children with end- stage liver dis-
ease. More than 80% of children are now expected to 
survive over 20 years after LT.[1,2] Optimizing the use 
of potentially lifelong immunosuppression in these 
patients remains challenging. A balance needs to be 
achieved in using adequate immunosuppression to 
prevent immune- mediated graft injury while simulta-
neously trying to minimize the harmful adverse effects 
of immunosuppression.[3] Most late deaths in liver al-
lograft recipients relate to the adverse effects of immu-
nosuppression rather than complications affecting the 
graft itself.

The role of liver biopsies in monitoring graft injury in 
long- term survivors following LT is changing. Most cen-
ters no longer obtain late protocol biopsies from adult 
liver allograft recipients. Not only does this relate to the 
improved outlook of patients with diseases such as hep-
atitis C, which now rarely recurs following LT, but also to 
the uncertain clinical significance of histological abnor-
malities identified in patients with apparent good graft 
function. The situation is somewhat different in the pe-
diatric population in whom progressive, often subclinical 
histological, damage is documented more frequently.[2]

Three important histopathological observations have 
emerged from pediatric centers conducting >12- month 
post- LT protocol biopsies (summarized in Table 1).[2,4– 16] 
First, histological abnormalities are very common with a 
prevalence exceeding 90% in some studies. The two 
most frequently observed abnormalities in >12- month 
pediatric posttransplantation biopsies are unexplained 
graft inflammation (idiopathic posttransplantation hep-
atitis [IPTH]) and graft fibrosis, for which three main 
patterns are described— periportal, sinusoidal, and 
centrilobular.[10] While the pathogenesis of late allograft 
inflammation and fibrosis has yet to be fully understood, 
there is increasing evidence to suggest that both pat-
terns of graft injury are likely to be at least partly immune 

mediated. This particularly applies to the pediatric pop-
ulation in whom recurrent disease can largely be ex-
cluded as a cause of late graft injury. Current evidence 
suggests that T- cell– mediated and antibody- mediated 
mechanisms are both likely to be involved.[2,16– 18] 
Second, studies documenting changes in serial biopsies 
have shown that the prevalence and severity of abnor-
mal graft histology increase with time after transplan-
tation.[5,7,9,15,19,20] Third, the majority of children studied 
had normal or near- normal liver biochemistry, which 
appears to be at variance with the prevalence of abnor-
mal histology. Therefore, it is reasonable to argue that 
graft injury would not have been detected by routine, 
noninvasive liver tests alone. Furthermore, the mech-
anisms underlying common patterns of late graft injury 
remain incompletely understood and clear guidelines for 
the management of children with unexplained abnormal 
graft histology are consequently lacking.

A review of previously published studies indicates 
that there is a lack of consistency in how histological 
findings are reported in late posttransplantation biop-
sies. This applies both to the assessment of graft in-
flammation, for which several different terms have 
been used,[21] and to the assessment of graft fibrosis, 
for which a number of different approaches have been 
used— these include previously published systems for 
scoring fibrosis (e.g., those described by METAVIR, 
Inuyama, and Venturi), as well as other locally devised 
scoring systems (summarized in Table 1).

The Graft Injury Group (GIG) is an international col-
laboration involving pediatric hepatologists, surgeons, 
pathologists, immunologists, and other interested par-
ties working at centers involved in pediatric LT. The 
group was formed in February 2015 with the view to 
carrying out detailed observations of long- term out-
comes in pediatric liver allograft recipients in the hope 
that these would provide further insights into areas 
where uncertainty currently exists.

This paper describes a study carried out by the 
GIG Pathology Working Group, the main aim of which 

semiquantitatively by six pathologists to determine inter-  and intraobserver re-
producibility of the histopathological features using unweighted and weighted 
kappa statistics; the latter metric enabled distinction between minor and major 
disagreements in parameter severity scoring. Weighted interobserver kappa 
statistics showed a high level of agreement for various parameters of inflam-
mation, interface activity, fibrosis, and microvascular injury. Intraobserver 
agreement for these features was even more substantial. The results of this 
study will help to standardize the assessment of biopsies from long- surviving 
liver allografts, aid the recognition of important histological features, and facili-
tate international comparisons and clinical trials aiming to improve outcomes 
for children undergoing LT.
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was to design a schema for systematically recording 
histological findings in late posttransplantation biop-
sies from pediatric liver allograft recipients. The study 
was designed to have three main components: first, to 
agree on which histological features were relevant for 
the assessment of late biopsies; second, to assess and 
improve intra-  and interobserver reproducibility among 
participating pathologists; and third, to use the agreed 
schema to record changes in late biopsies from chil-
dren enrolled in centers participating in the GIG study 
in a standardized manner. The results of the first two 
parts of the study are presented here. It is hoped that 
our findings will be useful, not only for documenting his-
tological changes seen in protocol biopsies from the 
GIG study, but also in providing guidelines that may be 
useful for standardizing the assessment of late post-
transplantation biopsies by the broader LT community.

PATIENTS AND METHODS

Study organization and case selection

The GIG Pathology Working Group met on three oc-
casions: The first two meetings, held in Birmingham in 
February 2015 and Brussels in September 2015, were 
attended by five pathologists (A.J.D., A.S.H.G., H.H., 
S.G.H., and M.K.) and by other clinicians and scientists 
who provided input into the study design. One other pa-
thologist (H.J.K.) also came to the third meeting held in 
Barcelona in March 2017.

At the first meeting, members of the pathology group 
agreed to review slides from 10 late posttransplanta-
tion biopsies. The biopsies were obtained from patients 
<18 years old and ≥4 years after primary living or de-
ceased donor LT for nonviral and nonautoimmune liver 
disease at ≤6 years of age who underwent screen-
ing liver biopsy for immunosuppression withdrawal as 
part of a trial conducted at 12 pediatric LT centers in 
North America (Immunosuppression Withdrawal for 
Stable Pediatric Liver Transplant Recipients (iWITH) 
trial; NCT01638559).[16] Institutional review board ap-
proval was obtained at all participating centers as data 
collection was retrospective; assent and/or informed 
consent were not required as there were no study in-
terventions. Participants were required to have alanine 
aminotransferase and gamma- glutamyltransferase lev-
els consistently <50 IU/L based on medical record re-
view by the site principal investigator and to be stably 
maintained on calcineurin inhibitor monotherapy without 
rejection during the preceding 2 years. A scoring pro-
forma devised by one of the authors (A.J.D.) for a study 
of chronic antibody- mediated rejection (AMR) was used 
for the first round of assessments.[22] Using illustrative 
examples where appropriate, a consensus was reached 
regarding the criteria that should be used to designate 
scores for the individual histological features. Slides 

were then reviewed as digitized images of formalin- fixed 
paraffin- embedded sections stained with hematoxylin 
and eosin and Masson's trichrome (to assess fibrosis) 
via the University of Pittsburgh Telepathology website.

At the second meeting, scores for the first 10 cases 
were reviewed and discussed. The histology scoring 
proforma was revised by removing or collapsing fea-
tures that had poor interobserver agreement. Scoring 
guidelines were written for each of the remaining 
features with the aim to improve observer reproduc-
ibility. The histological features that were assessed 
and scored are summarized in Table S1 and listed in 
Tables 2 and 3. Participants then assessed the utility 
of the revised scoring proforma by rescoring the orig-
inal 10 cases, plus an additional 21 late pediatric liver 
allograft biopsies, equaling 31 cases in total. Statistical 
analysis was carried out using “percent agreement” 
and Shrout and Fleiss intraclass correlation methods.

Findings including statistical analyses were circu-
lated to members of the pathology group and discussed 
at the third meeting. Further consideration was given to 
features that produced unsatisfactory observer agree-
ment scores and scoring proforma guideline definitions 
were revised with an emphasis on improving reliabil-
ity of the assessments. Details of the criteria used for 
scoring are provided in Table S2. After a “washout pe-
riod” of 3 months, slides were reshuffled, recirculated, 
and rescored using the same scoring proforma. The 
two rounds of assessments of the full set of 31 slides 
were carried out by six pathologists (A.J.D., A.S.G.H., 
H.H., S.G.H., M.K., and H.J.K.).

Statistical analysis

Following discussion with the GIG clinicians, statisticians, 
and other members of the GIG Steering Committee, it 
was decided that the final statistical analyses of observer 
agreement should be carried out using kappa values (un-
weighted and weighted). Where appropriate, associated 
significance and 95% confidence intervals were also 
calculated to compare the unweighted and weighted ap-
proaches. Weighted kappa (variations of Cohen kappa), 
used in many high- profile histopathology reliability stud-
ies,[23,24] accounts for the “closeness” of agreement 
and takes into consideration the variable type of data 
used— both numerical and categorical. For numerically 
rated data, such as biopsy length or portal tract number, 
a linear graded penalty system was employed where 
the median score was considered to be ground truth; 
thus, a score within 20% of the median was regarded as 
equal, 21%– 40% as 1 grade of difference, 41%– 60% as 
2 grades of difference, 61%– 80% as 3 grades of differ-
ence, and >80% as maximum difference. For categorical 
data scored on a scale of 0 to 3, 4, or 6, weighting was 
applied such that a discrepancy of 1 point was regarded 
as equal, while scores that were discrepant by ≥2 points 
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TA B L E  2  “Heat map” showing interobserver agreement expressed as kappa scores (unweighted and weighted) for the first and second 
rounds of slide reviews

Feature assessed

Kappa scores (first round of reviews)
Kappa scores (second round of 
reviews)

Unweighted Weighted Unweighted Weighted

Biopsy characteristics

Length, mm N/A 0.72 N/A 0.90

Number of portal tracts N/A 0.48 N/A 0.63

Portal evaluation

Portal vein branch count N/A 0.40 N/A 0.49

Number of portal tracts without a portal 
vein

N/A 0.75 N/A 0.72

Portal tract inflammation overall severity 0.38 0.76 0.32 0.72

Portal tract inflammation distribution 0.35 0.93 0.30 0.90

Primary portal inflammatory cell type 0.74 N/A 0.69 N/A

Secondary portal inflammatory cell type 0.41 N/A 0.50 N/A

Tertiary portal inflammatory cell typea,b 0.85 N/A 0.94 N/A

Portal microvasculitis severity 0.61 0.93 0.56 0.89

Biliary senescencea,b 0.75 N/A 0.82 N/A

Number of portal tracts without a BDa,b N/A 0.82 N/A 0.77

Interface evaluation

Interface hepatitis severity 0.66 0.98 0.65 0.95

Ductular reaction 0.21 0.68 0.26 0.65

Vascular evaluation

Artery pathologya,b 0.87 N/A 0.93 N/A

Periportal shunt vessels 0.27 0.70 0.23 0.62

Sinusoidal dilatation 0.26 0.72 0.29 0.64

Hepatic veno- occlusive lesionsb 0.82 0.98 0.85 1.00

Hepatic vein endothelial inflammationa,b 0.85 1.00 0.90 1.00

Lobule evaluation

Lobular disarray/ballooninga,b 0.81 0.96 0.85 0.97

Lobular inflammation severity 0.46 0.84 0.46 0.77

Lobular inflammation distribution 0.46 N/A 0.45 N/A

Primary lobular inflammatory cell type 0.60 N/A 0.64 N/A

Secondary lobular inflammatory cell typea 0.81 N/A 0.77 N/A

Sinusoidal leukocytosis 0.77 0.93 0.73 0.92

Central perivenulitis severity 0.68 0.89 0.59 0.79

Fibrosis/architectural disturbance

Portal tract collagenization 0.16 0.52 0.22 0.51

Periportal fibrosis (Venturi) 0.08 0.75 0.12 0.72

Sinusoidal fibrosis (Venturi) 0.18 0.85 0.19 0.89

Perivenular fibrosis (Venturi) 0.23 0.76 0.13 0.77

Total LAFSc (Venturi) 0.05 0.59 0.05 0.56

Fibrosis stage (Ishak) 0.18 0.70 0.21 0.75

Fibrosis stage (METAVIR) 0.23 0.87 0.28 0.87

Nodular regenerative hyperplasia 0.40 0.58 0.37 0.66

RAI

Portal tract inflammation (Banff RAI) 0.39 0.99 0.36 0.97

(Continues)
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were regarded as being discordant. For any composite 
score, that is, Ishak Hepatitis Activity Index (HAI), Venturi 
Liver Allograft Fibrosis Score (LAFSc), Banff Rejection 
Activity Index, Kleiner nonalcohol- related fatty liver dis-
ease (NAFLD) activity score, the weight matrix consid-
ered scores discrepant by ≤2 points to be equal. For 
categorical data, ordered levels were “none,” “minimal,” 
“mild,” “moderate,” and “severe”. To further stratify subtle 
patterns of injury, as well as account for some level of 
disagreement between any two scores, the associated 
weighted matrix (1) regarded the comparison of “none” 
and “minimal” as no difference (i.e., identical, both cat-
egories indicating an expression below baseline); (2) 
established a “lenient” penalty of 0.5 for the difference 
between “minimal” and “mild”; (3) assigned full penalty 
weights of 1.0 between adjacent pairs of scores for 
“mild,” “moderate,” and “severe” (i.e., the weighted pen-
alty between “mild” and “moderate” was 1.0; the weighted 
penalty between “moderate” and “severe” was also 1.0); 
and (4) set penalty weights for nonadjacent pairs equal 
to the absolute difference between said paired values 
(e.g., the weighted penalty between “none” and “severe” 
was 4; “minimal” and “severe” was 3). The level of agree-
ment, according to calculated kappa scores, was then 

classified as follows: 0– 0.20 = slight, 0.21– 0.40 = fair, 
0.41– 0.60 = moderate, 0.61– 0.80 = substantial, and 0.81– 
1.00 = almost perfect. The number of biopsies required to 
determine observer reproducibility reliably was based on 
a study by Walter et al, which provides a set of formulae 
for assessing sample size for kappa significance based 
on the number of “readers” and assumptions about each 
“reader,” such as expected levels of agreement.[25] Given 
that the “readers” involved in this study are a population 
of expert LT pathologists, one can reasonably assume 
that fair to moderate agreement would be reasonable/
expected. Given these assumptions, the study size N 
calculates out to between 29 and 35 for six observers. 
Therefore N = 31 included in this study is appropriate to 
obtain reliable kappa statistics.

RESULTS

Interobserver agreement

Overall, there were no significant differences in the de-
gree of interobserver agreement (Table 2) between the 
first and second round of reviews.

Feature assessed

Kappa scores (first round of reviews)
Kappa scores (second round of 
reviews)

Unweighted Weighted Unweighted Weighted

BD inflammation (Banff RAI) 0.70 0.96 0.76 0.95

Venous endothelial inflammation (Banff 
RAI)

0.67 0.97 0.56 0.92

Total RAI score (Banff RAI) 0.29 0.93 0.25 0.91

HAI

Interface hepatitis (Ishak mHAI) 0.64 0.94 0.64 0.94

Confluent necrosis (Ishak mHAI)a 0.89 0.96 0.79 0.88

Lobular inflammation (Ishak mHAI) 0.54 0.99 0.54 0.92

Portal tract inflammation (Ishak mHAI) 0.42 0.97 0.44 0.97

Total HAI score (Ishak mHAI) 0.26 0.88 0.25 0.85

NAFLD scores

NAFLD steatosis scorea,b 0.90 0.99 0.89 1.00

NAFLD hepatocyte ballooning scorea,b 0.98 1.00 0.96 1.00

NAFLD lobular inflammation score 0.56 1.00 0.61 0.91

Total NAFLD score 0.59 1.00 0.62 0.98

NAFLD fibrosis stage 0.17 0.38 0.21 0.42

Agreement

0.81– 1.00 (almost 
perfect)

0.61– 0.80 
(substantial)

0.41– 0.60 
(moderate)

0.21– 0.40 (fair) 0– 0.20 (slight) N/A (not applicable)

Abbreviations: BD, bile duct; LAFSc, Liver Allograft Fibrosis Score; mHAI, modified Hepatitis Activity Index; N/A, not applicable; NAFLD, nonalcoholic fatty 
liver disease; RAI, Rejection Activity Index.
aIndicates a first round feature with infrequent occurrence (<10%).
bIndicates a second round feature with infrequent occurrence (<10%).

TA B L E  2  (Continued)
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For both rounds of reviews, the majority of histolog-
ical features with unweighted kappa scores indicating 
substantial or better agreement (κ > 0.60) were ones 
rarely seen in late posttransplantation biopsies from 
apparently healthy recipients, and thus scored ac-
cordingly as “zero,” “none,” “absent,” or “N/A” (not ap-
plicable). Examples include biliary senescence, artery 
pathology, bile duct loss, lobular disarray, sinusoidal 
leukocytosis, hepatic vein endothelial inflammation, he-
patic veno- occlusive lesions, bile duct damage, steato-
sis, hepatocyte ballooning, tertiary portal inflammatory 
cell type, and secondary lobular inflammatory cell type. 
Unweighted kappa scores for features related to the 
severity of late graft inflammation ranged from “fair” to 
“substantial”: portal inflammation (0.38 in the first round, 
0.32 in the second round), interface hepatitis (0.66 and 
0.65, respectively), and lobular inflammation (0.46 and 
0.46, respectively). Unweighted kappa scores for fibro-
sis were only “slight” or “fair” for all three of the fibrosis 
staging systems used (METAVIR, Ishak, and Venturi), 
with scores ranging from 0.05 (total LAFSc, first and 
second rounds) to 0.28 (METAVIR stage, second round).

For both rounds of reviews, comparison of weighted 
and unweighted kappa scores yielded statistically sig-
nificant differences (using a 95% confidence interval) 
for all evaluated features. This suggests that the levels 
of “disagreement” suggested by the unweighted kappa 
scores were relatively minor, representing sub- baseline 
patterns of injury, and not likely to be clinically signifi-
cant (see the “Patients and Methods” section). Weighted 
kappa scores for features related to inflammation and 
fibrosis were all in the range of “substantial” (0.61– 0.80) 
to “almost perfect” (0.81– 1.00). The only features for 
which weighted kappa scores were less than substan-
tial were portal tract number (first round), portal vein 
number (both rounds), nodular regenerative hyperplasia 
(1st round), portal tract collagenization (both rounds), 
and total liver allograft LAFSc (both rounds).

Intraobserver agreement (Table 3)

Similar to the data for interobserver agreement, un-
weighted kappa scores were nearly all substantial or 
better for histological changes that were observed in-
frequently in the 31 liver biopsies assessed— biliary 
senescence, artery pathology, bile duct loss, lobular 
disarray, sinusoidal leukocytosis, hepatic vein endothe-
lial inflammation, hepatic veno- occlusive lesions, bile 
duct damage, steatosis, hepatocyte ballooning, tertiary 
portal inflammatory cell type, and secondary lobular in-
flammatory cell type. Unweighted kappa scores for fea-
tures related to the severity of late graft inflammation 
were better than those obtained for interobserver agree-
ment: portal inflammation (mean 0.49, range 0.35– 
0.60), interface hepatitis (mean 0.84, range 0.78– 1.00), 
and lobular inflammation (mean 0.59, range 0.44– 0.76). 

Unweighted kappa scores for features related to the se-
verity of fibrosis were also better than those obtained 
for interobserver agreement: METAVIR fibrosis stage 
(mean 0.44, range 0.27– 0.68), Ishak fibrosis stage 
(mean 0.35, range 0.21– 0.47), Venturi periportal fibro-
sis score (mean 0.35, range 0.18– 0.48), subsinusoidal 
fibrosis score (mean 0.60, range 0.35– 0.74), perivenu-
lar fibrosis score (mean 0.42, range 0.10– 0.61), and 
total LAFSc (mean 0.21, range 0.13– 0.42).

Similar to interobserver agreement, intraobserver 
agreement greatly improved when weighted kappa 
scores were applied. Scores for the severity of inflam-
mation (portal, interface, lobular) were “almost perfect” 
(0.81– 1.00) for 13/18 comparisons between the first and 
second rounds and “substantial” (0.61– 0.80) for the 
other 5. Weighted kappa scores for features related to 
the severity of fibrosis (METAVIR, Ishak, Venturi [peri-
portal, subsinusoidal, perivenular], and total LAFSc) 
were “almost perfect” for 25/36 comparisons between 
the first and second rounds and “substantial” for the re-
maining 11. The levels of intraobserver agreement using 
weighted kappa scores were also “substantial” or “al-
most perfect” for the great majority of the other histologi-
cal features assessed. Similar to the observations made 
for interobserver agreement, weighted kappa scores for 
intraobserver agreement were less than substantial for 
portal tract number (4/6 observers) and portal vein num-
ber (5/6 observers). Conversely, weighted kappa scores 
for intraobserver agreement were mostly substantial or 
better for nodular regenerative hyperplasia (5/6 observ-
ers) and portal tract collagenization (6/6 observers).

Representative illustrations are provided for im-
portant features in assessing long- surviving allografts 
such as interface activity (Figure 1); portal capillaritis 
or microvasculitis, obliterative portal venopathy (OPV); 
and periportal shunt- type vessels (Figure 2); Ishak fi-
brosis scoring (Figure 3); portal tract collagenization 
(Figure 4); and perivenular fibrosis (Figure 5).

DISCUSSION

Protocol biopsies continue to play an important role in 
identifying subclinical graft injury in long- term survivors 
following pediatric LT and in providing greater insights 
into mechanisms of indolent, clinically silent, allograft 
injury. Indeed, several studies have identified a high 
prevalence of unexplained graft inflammation and pro-
gressive fibrosis, which in some cases leads to graft 
failure.[2,26] Although these studies have provided im-
portant insights into the natural history of liver allograft 
injury, the use of several different methods to assess 
inflammation and fibrosis makes comparison between 
previously published studies difficult. Furthermore, 
histological assessments are semiquantitative in na-
ture and are therefore prone to observer variability. 
To the best of our knowledge, this is the first study to 
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formally assess observer reproducibility across a range 
of features that are relevant for the evaluation of as-
sessing late posttransplantation pediatric liver allograft 
biopsies, including features associated with circulating 

donor- specific antibodies (DSAs) and not commonly 
assessed in native liver biopsies (e.g., portal microvas-
culitis and collagenization, and three- compartment fi-
brosis scoring).

The term “idiopathic posttransplantation hepatitis 
(IPTH)” was proposed by the Banff Working Group to 
describe otherwise unexplained inflammatory changes 
in late posttransplantation biopsies[27] seen in up to 
70% of late biopsies from children (Table 1).[28] A num-
ber of studies have observed an association between 
the presence of IPTH and the development of graft 
fibrosis, the severity of which usually progresses with 
time.[5,6,12,29,30] Up to 50%– 70% of children with graft 
inflammation progress to bridging fibrosis or cirrhosis 
by 10 years after LT[5,29] and, in a recent study from 
London, this is now the commonest indication for late 
retransplantation (>10 years) in children.[26] However, 
other studies have failed to show an association be-
tween late graft inflammation and fibrosis.[7,8,10,11] It is 
imperative, therefore, to more precisely identify those 
patients at risk for fibrosis progression.

In the present study, a descriptive approach (none, 
minimal, mild, moderate, and severe) and a semiquan-
titative scoring system, as described by Ishak et al.,[31] 
were both used for the assessment of inflammation. 
For portal inflammation the level of interobserver 
agreement was higher using the Ishak system than 
the descriptive approach— kappa scores for the sec-
ond round of reviews were 0.44 (unweighted) and 0.97 
(weighted) for Ishak versus 0.32 and 0.72 for the de-
scriptive approach. The Ishak system likewise achieved 
higher kappa scores for the assessment of lobular in-
flammation (0.54 unweighted, 0.92 weighted) compared 

F I G U R E  1  Interface necroinflammatory activity. (A) Representative portal tract and interface zone from biopsy in which all participating 
pathologists agreed that interface activity was present. (B) Representative portal tract and interface zone from a biopsy on which there was 
disagreement about the presence or absence of interface necroinflammatory activity. The black box highlights the area shown at higher 
magnification in (C). Higher magnification of one area of the interface zone showing lymphocytes penetrating into the edge of the lobule 
(arrows). [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  2  Important, but not widely appreciated or evaluated, 
findings in long- surviving pediatric liver allografts: (A) portal tract 
from a biopsy for which there was unanimous agreement that 
portal capillaritis or microvasculitis was present. Note the sludging 
and margination of mononuclear cells in the lumen of several 
portal capillaries and/or inlet venules (asterisks), endothelial 
cell hypertrophy, and opening of periportal shunt- type vessels. 
Anecdotally, this patient tested positive for multiple DSA with a 
DSA sum of >27,000. (B) OPV and periportal shunt- type vessels. 
Scores from this biopsy showed a high agreement on the presence 
of shunt- type vessels (asterisks). Note also the lack of a portal 
vein branch (OPV), compensatory enlargement of HA branches 
compared with the accompanying BD, and opening of periportal 
shunt- type vessels (asterisks). [Colour figure can be viewed at 
wileyonlinelibrary.com]
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with the descriptive approach (0.46 unweighted, 0.77 
weighted). Both approaches had similar kappa scores 
for the assessment of interface hepatitis— Ishak kappa 
scores were 0.64 (unweighted) and 0.94 (weighted) 
compared with scores of 0.65 and 0.95 using the de-
scriptive approach. The higher reproducibility that was 
achieved using the Ishak system to assess inflamma-
tion may relate to the fact that the participating patholo-
gists were all familiar with this system, which has been 

widely used to assess the severity of inflammation in 
chronic inflammatory diseases involving the native liver, 
particularly hepatitis C. Other advantages of the Ishak 
system are that (1) it provides a wide range of possi-
ble scores, which increases granularity for assessing 
the severity of graft inflammation and (2) the conflu-
ent necrosis component provides a method to score 
the severity of centrilobular necroinflammatory activity 
(central perivenulitis), which is likely to be a manifesta-
tion of alloimmune injury in the liver allograft.

Three main patterns of fibrosis have been recognized 
in late posttransplantation biopsies— portal, sinusoidal, 

F I G U R E  3  Fibrosis scoring. (A) This biopsy was unanimously scored as showing bridging fibrosis (Ishak fibrosis score = 3) by all 
pathologists. By contrast, the scores for the biopsy shown in (B) showed some disagreement among pathologists about the Ishak fibrosis 
stage. This presumably occurred because of the fibrous tract highlighted by the black box, which is shown at higher magnification in (C). 
Several pathologists thought that this represented a longitudinally sampled fibrous tract, as evidenced by the longitudinally sampled HA 
branch that it encases, whereas others scored it as bridging fibrosis. [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  4  Portal tract collagenization: Representative 
examples of biopsies where (A) all pathologists agreed or (B) 
where there was some level of disagreement. Note the dense, 
almost keloid appearance of the portal tract connective tissue 
in (A) as compared with (B), which shows significant fibrosis but 
a basket- weave pattern of portal and periportal fibrosis. [Colour 
figure can be viewed at wileyonlinelibrary.com]

F I G U R E  5  Examples of biopsies where there was a high 
level of agreement for (A) moderate perivenular fibrosis and (B) 
severe perivenular fibrosis with central- to- central bridging fibrosis. 
Note that the fibrosis in and around the CVs also extends into the 
perivenular sinusoids in a star- shaped pattern. [Colour figure can 
be viewed at wileyonlinelibrary.com]
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and centrilobular.[10] A semiquantitative staging system 
proposed by the Brussels group (Venturi et al.) scores 
each compartment on a scale of 0 (none) to 3 (bridging) 
to produce a total liver allograft fibrosis (LAF) score of 
0– 9.[10] This system showed good observer interagree-
ment and correlated better with morphometric fibrosis 
quantitation in pediatric liver allograft biopsies than 
METAVIR or Ishak scores. Subsequent studies have 
shown that the Venturi system is useful for assessing 
the dynamics of fibrosis progression in serial biopsies 
and have identified different risk factors associated 
with the individual patterns of fibrosis.[19,20,32,33]

For the assessment of graft fibrosis, three semi-
quantitative scoring systems were used. Two systems 
(METAVIR and Ishak) were originally designed to as-
sess chronic inflammatory diseases associated with 
periportal fibrosis in the native liver, mainly hepatitis 
C. The third system (Venturi) allows the assessment of 
two other patterns of fibrosis that are commonly seen in 
late pediatric biopsies. Unweighted kappa scores for all 
three components of the Venturi scoring system were 
all in the range of “slight” interrater agreement (0.01– 
0.20) for the first round of slide reviews. This contrasts 
with an adequate level of interobserver agreement ob-
served in the original study by Venturi et al.[10] Possible 
explanations for these discrepant findings include the 
fact that pathologists participating in the present study 
were unfamiliar with using the Venturi system and the 
use of different statistical methods for assessing ob-
server agreement. For the second round of reviews, 
observer agreement for perivenular fibrosis improved 
to “fair,” but remained unchanged for periportal and 
sinusoidal fibrosis. Interestingly unweighted kappa 
scores for intraobserver agreement were substan-
tially higher, with the majority of scores falling in the 
“moderate” category. Weighted kappa statistics for all 
three Venturi components was substantial or near per-
fect, which suggests that the differences driving lower 
unweighted kappa scores were minor. Therefore, this 
approach may be suitable for large- scale studies doc-
umenting the natural history of fibrosis progression in 
late posttransplantation biopsies. Nevertheless, further 
attempts should be made to more precisely define the 
fibrosis stages in a more standardized manner.

Previous studies have suggested that interobserver 
reproducibility may be improved by pathologists work-
ing together to agree on how to apply these defini-
tions.[31,34] For large- scale studies involving a central 
review of slides, participating pathologists are there-
fore routinely involved in collaborative discussions 
and training sessions similar to those that took place 
as part of the present study. The lack of improvement 
in kappa scores between the first and second round 
of reviews suggests that the participating pathologists 
had already reached agreement about scoring biopsies 
as far as was possible during the preceding meetings. 
Nevertheless, as predicted by our clinical colleagues, 

the disparity observed between unweighted and 
weighted kappa values illustrates that the discrepan-
cies in scoring driving lower unweighted kappa values 
are minor and unlikely to be clinically relevant.

A recent consensus paper by the Banff Working 
Group has proposed criteria for the diagnosis of prob-
able chronic AMR in the liver allograft.[17] Histological 
features required to diagnose chronic AMR are (1) oth-
erwise unexplained and at least mild mononuclear por-
tal and/or perivenular inflammation with interface and/or 
perivenular necroinflammatory activity and (2) at least 
moderate portal/periportal, sinusoidal, and/or perive-
nular fibrosis. These features are included among the 
assessments made in the current study and some are 
illustrated in Figures 1, 3, and 5. Features other than 
inflammation and fibrosis that have also been identified 
as relevant for the diagnosis of chronic AMR are portal 
collagenization (Figure 4) and OPV (Figure 2B).[22,35] 
Portal collagenization is characterized by the presence 
of a dense hyalinized (keloid- like) portal stroma, con-
trasting with the looser stroma seen in normal portal 
tracts and may be associated with a reduced number 
of portal microvessels. The relatively poor level of un-
weighted interobserver agreement that was seen for 
the assessment of portal collagenization in this study 
suggests that this pattern of graft injury may be diffi-
cult to identify consistently and reliably. OPV is charac-
terized by loss and/or reduction in the caliber of portal 
vein branches. In the present study, using “number of 
portal tracts without a portal vein” as a marker for OPV, 
weighted kappa scores were “substantial” for interob-
server agreement (0.75 and 0.72) and “substantial” or 
“almost perfect” for intraobserver agreement for five of 
the six observers, suggesting that this feature can be 
reliably assessed in late posttransplantation biopsies.

A potential limitation of the present study is the rela-
tively small number of biopsies that were assessed. As 
discussed in the “Patients and Methods” section, the 
number of biopsies included in this study is adequate to 
provide reliable kappa statistics for observer reproducibil-
ity.[25] Furthermore, the 31 biopsies assessed in the pres-
ent study is similar to the number of biopsies included 
in other published studies that have assessed the repro-
ducibility of various liver biopsy findings— examples in-
clude 30 biopsies included in a study of chronic hepatitis 
C,[36] 32 biopsies reviewed in a study of alcoholic hepati-
tis,[37] and 31 biopsies assessed in a study of NAFLD.[38] 
Nevertheless, a larger study with an independent group 
of observers might be helpful to validate the reliability of 
the observations made in the present study.

There remain a number of areas where current un-
derstanding is incomplete and further insights are re-
quired. These include the natural history of late graft 
injury and the role of immunosuppression in prevent-
ing or reversing graft injury. Most studies observing 
an association between graft inflammation and fibro-
sis are cross- sectional in nature and there is a lack of 
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information concerning early features that may predict 
subsequent progressive graft injury. One study sug-
gested that previous portal inflammation may predict 
the subsequent development of portal fibrosis,[33] but 
data concerning early histological predictors of pro-
gressive fibrosis are otherwise lacking. While there 
is some evidence to suggest that maintaining or in-
creasing immunosuppression may help to prevent or 
reverse graft inflammation, there are conflicting data 
concerning the extent to which these strategies may 
be effective in preventing the development of graft fi-
brosis.[12,15,39– 41] Well- designed longitudinal studies are 
therefore required to determine the natural history of 
late graft injury in pediatric liver allograft recipients and 
in particular to identify those children who are at risk of 
developing progressive graft fibrosis. Important future 
challenges include (1) collecting enough follow- up his-
topathological data in an era when protocol biopsies are 
being discouraged; (2) devising a clinically meaningful 
grading system with reproducible cut- offs for late- onset 
T- cell– mediated rejection that has an appearance quite 
similar to other causes of chronic hepatitis— for exam-
ple, might the Ishak modified HAI (mHAI) system be 
more appropriate than the Banff system for assessing 
late graft inflammation that is likely to be immune medi-
ated?; and (3) achieving a better understanding of the 
contribution of circulating DSAs to late graft injury, such 
as the development of portal microvasculitis, portal col-
lagenization, and OPV. We believe that a comprehen-
sive multifaceted assessment of all histological features 
that may be relevant in understanding the pathogene-
sis of late graft injury, such as the system described in 
this study, should help to address issues related to the 
aforementioned second and third points.

Lastly, emerging artificial intelligence (AI)– aided his-
topathology evaluation is an area that holds potential 
for the development of tools that enable pathology de-
cision support. Coupled with robust training data, AI al-
gorithms can create and refine models that identify key 
features from digitized whole- slide images, and present 
this information for screening, prognostic, or diagnostic 
utility. While strong correlations have been shown be-
tween conventional histological assessments and deep 
learning results, often the deterministic predictive imag-
ing features cannot be elucidated, thereby limiting utility 
for both determining the scale and obtaining biological 
insights into mechanisms of liver injury.[42] Recent ad-
vancements in machine learning (such as recurrent neu-
ral networks) have begun to incorporate modifications 
that preserve relevant imaging features from sparse 
training sets and improve classification accuracy.

In conclusion, we suggest that the histological features 
that were evaluated in this study should provide a basis 
for assessing late posttransplantation biopsies from pe-
diatric liver allograft recipients in a comprehensive and 
standardized manner. In addition, using validated scor-
ing systems is recommended to assess disease severity. 

We believe that this approach will be particularly valuable 
for studies documenting the natural history of late graft 
injury in serial protocol biopsies and will also facilitate 
comparison of data between different centers. The high 
prevalence of abnormal graft histology (particularly fibro-
sis) that was seen in this study of biopsies obtained from 
a group of children who were clinically well with normal/
near- normal liver biochemistry results underscores the 
importance of protocol biopsies in identifying subclinical 
graft injury that may impact on long- term graft function. 
We also hope that the guidelines provided in Table S2 will 
be relevant and useful to other pathologists who are in-
volved in reporting late posttransplantation biopsies from 
children as well as biopsies from adults who have under-
gone liver transplantation as children.
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