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The accumulating data regarding a non-biopsy diagnosis of
celiac disease has led to its adoption in certain scenarios,
although debate on whether and when to use non-biopsy
criteria in clinical practice is ongoing. Despite the
growing popularity and evidence basis for a biopsy-free
approach to diagnosis in the context of highly elevated
serologies, there will continue to be a role for a biopsy in
some groups. This review summarizes the current evi-
dence supporting a non-biopsy approach and arguments
supporting continued reliance on biopsy, and focuses on
opportunities to improve both approaches.
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Fclinical and scientific community regarding the role
of the duodenal biopsy as the basis of a celiac disease (CeD)
diagnosis. This debate has played out at conferences and in
the medical literature,1–3 and consensus continues to evolve,
with a gradual movement toward biopsy-sparing ap-
proaches in certain circumstances.4,5

There is a diversity of opinion regarding whether and how
to adopt a non-biopsy approach, both in the CeD community at
large, and among the authors of this article. Our purpose is not
to recount the points of contention or the relative merits of a
biopsy or non-biopsy approach. Rather, it is to describe areas
where both approaches could improve in the years ahead. We
describe current best practices in both approaches, as well
as deviations from these standards in real-world settings.
We also present promising avenues to improve the per-
formance of both biopsy and non-biopsy–based diagnoses
in the future. The focus of this article concerns adults pri-
marily, given the emergence of more recent data on non-
biopsy–based approaches in that population. However,
FLA 5.6.0 DTD � YGAST66102_proof
these advances and opportunities may ultimately be
applicable to children as well.
Emergence of the Non-Biopsy
Approach and How to Improve it

Endoscopy to obtain duodenal biopsies is invasive,
costly, carries some risk, and is losing widespread accep-
tance as universally necessary for the diagnosis of CeD.6–8

The opportunity for a non-biopsy approach in diagnosing
CeD derives from the accuracy of the anti-tissue trans-
glutaminase (TTG) IgA test in predicting mucosal atrophy in
patients on a regular gluten-containing diet.9 Retrospective
studies in adults found that, in different clinical settings,
TTG IgA raised to 10 or more times the upper normal value
predicts the presence of mucosal atrophy from 95.2% in
low-risk populations to 100% in high-risk populations.10–12

There is evidence that the magnitude of the TTG increase
correlates with the risk of more severe damage at histol-
ogy.13 The literature increasingly shows that, among the
available gluten-related biomarkers, TTG has a strong pos-
itive predictive value (PPV) in the diagnosis of CeD. To make
a comparison, a 10-fold–elevated TTG has a PPV in the
diagnosis of CeD stronger than the dynamic change in
fasting blood glucose in 2 samples in the diagnosis of
diabetes.14
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An international, multicenter retrospective study pub-
lished in 202111 aimed to report the PPV of CeD serologies
in a variety of settings: consecutive patients (n ¼ 740)
referred to a CeD center in Sheffield, UK; patients (n ¼ 778)
undergoing duodenal biopsy for a variety of symptoms
(with or without elevated CeD-related serologies); and pa-
tients (n ¼ 145) with elevated TTG IgA undergoing
duodenal biopsy in 11 endoscopy suites in 8 countries,
including the United States (n ¼ 40). In the first cohort, 380
of 740 (51%) had a TTG IgA with a >10-fold elevation, and
among those patients 375 of 380 (98.7%) had a Marsh 3
lesion confirming the diagnosis of CeD. (They also noted that
when stratifying by the 2 TTG assays used, the PPVs ranged
from 98.1% to 100%.) In the second (low-risk) cohort, 9 of
532 (1.7%) patients had a >10-fold TTG elevation, and all 9
(100%) had a Marsh 3 lesion. In the multicenter cohort, 42
of 145 patients (29.0%) had a >10-fold TTG IgA elevation,
of whom 40 (95.2%) had Marsh 3 histology.

A subsequent prospective multicenter, international
study added further evidence for a non-biopsy approach.
This study confirmed that a 5-fold and a 10-fold increase of
TTG in a high-risk population predicted mucosal atrophy in
97.4% and 97.5%, respectively, when the biopsy was
interpreted locally. However, after a central expert pathol-
ogist re-evaluated local histology, the PPV of a 10-fold TTG
elevation was 99.4%, showing that the discordance was
mainly due to misinterpretation of histology. The only case
with a 10-fold increase of TTG without atrophy showed an
increase in intraepithelial lymphocytes (IELs) and increased
depth of crypts (Marsh grade 2 lesion); this patient was
eventually diagnosed as having CeD on the basis of very
high titer serology, symptoms, and improvement after
adopting a gluten-free diet (GFD).15

Beyond the burden of an endoscopy, duodenal histology
over the last few decades has not seen an improvement in
its power to predict CeD. The practice of obtaining biopsies,
orientation on appropriate filters, processing, staining, and
immunostaining with anti-CD3 monoclonal antibodies are
time-consuming and operator-dependent procedures,
among other pitfalls.16 Two studies conducted 10 years
apart in the United States (2011) and United Kingdom
(2021) reported that adherence of endoscopists to guide-
lines in obtaining a sufficient number of biopsies for the
diagnosis of CeD was 35% and 40%, respectively.17.18

Moreover, interobserver variability in the widely used
Marsh histologic classification in pathology reports is a
common phenomenon.19

The no-biopsy strategy requires highly elevated levels of
TTG IgA, and this concept must be correctly conveyed to
non–gastroenterologist physicians using these criteria.
There is a risk that over-reliance on serologies by non-
gastroenterologists could lead to a rise in uncertain di-
agnoses based on serologic values that are misinterpreted. A
slight increase of the TTG should prompt assessing whether
it is a false positive, potential CeD (PCeD), or whether the
patient is already on a reduced-gluten diet at the time of the
test. Starting the GFD before testing, for example, due to
family history of CeD or as a self-prescribed diet to treat a
variety of symptoms, may yield an elevation of TTG IgA in a
FLA 5.6.0 DTD � YGAST66102_proof
true celiac patient that falls short of this non-biopsy
threshold.

Another opportunity for improvement of the non-biopsy
strategy is establishing a common standard for the range of
normality of the several TTG laboratory tests available on
the market worldwide. In the prospective international
study addressing the non-biopsy strategy in adults.15 TTG
measurements showed high concordance between the local
results and central laboratory testing (k ¼ 0.952), suggest-
ing that overall reliability did not differ substantially among
various laboratory tests. Still, the reliability of serum TTG
IgA assessment could be improved by means of developing
an international calibrator with a defined concentration of
TTG IgA for assay standardization.20

In adults, the following 3 concerns support continued
reliance on endoscopy and biopsy: the possibility of missing
other CeD-unrelated diseases if endoscopy is skipped;
detection of CeD complications; and occurrence of normal
mucosa at histology, that is, PCeD, which may not require a
GFD.

Patients with CeD have an increased risk of eosinophilic
esophagitis21,22 and lymphocytic gastritis,23 and might
benefit from identification and management of these con-
ditions at the time of their CeD diagnosis. This concern
about missed diagnosis is allayed by findings from retro-
spective and prospective studies that other diseases
detectable with a gastroscopy at the time of CeD diagnosis
are infrequent or already known.15,24,25 Moreover, an in-
ternational study analyzed the incidental findings of 1328
adults undergoing upper endoscopy for suspected CeD.26

Although 10.1% had additional endoscopic findings, such
as reflux esophagitis and gastric erosions, Barrett’s esoph-
agus was rare (0.2%) and no cases of eosinophilic esopha-
gitis or cancer were identified. As such, the concern about
missed endoscopic diagnoses in a biopsy-free approach
appears to be a theoretical concern without empiric data.

Complications of CeD, such as ulcerative jejunitis and
enteropathy-associated T cell lymphoma are rare and,
generally, not detected by the initial endoscopy at the time
of diagnosis, although they may develop in the first years
after diagnosis.27,28 Risk factors for complications are the
classical presentation with diarrhea, advanced age at diag-
nosis, negative serology, and homozygosity for HLA-DQ2.29

Including this information when assessing which strategy
is best for individual patients may support a non-biopsy
approach that assures that complications are not missed.
In the only available prospective study on the non-biopsy
strategy in adults,15 only 1 major complication, a lym-
phoma, was detected 1 year after diagnosis. Its location in
the mid-ileum would not have been detected if present at
the time of the endoscopy for CeD diagnosis.

The third issue is the possibility of missing PCeD. PCeD is
a condition that presents with or without gluten-induced
symptoms, likely in the context of a peculiar genetic
asset.25 PCeD frequency was reported in 18% of adults
referred to a CeD center,30 and its progression toward overt
CeD is unpredictable. Currently, aside from a general
recommendation that these patients should be followed,
there are no specific recommendations as to the necessity to
� 20 March 2024 � 7:11 pm � ce
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adhere to a GFD.31 As patients with PCeD may be variably
symptomatic, patients and physicians can decide on the
adoption of a GFD on a case-by-case basis.32 PCeD is rarely
found in cases of very high levels of TTG. As noted above, in
162 participants with a >10-fold TTG elevation in a multi-
center prospective study evaluating the non-biopsy strategy,
only 1 patient had a centrally adjudicated duodenal biopsy
indicating changes short of Marsh 315; thus, this condition
will be rare in patients who are diagnosed via a non-biopsy
approach. Moreover, concern about the long-term implica-
tions of untreated PCeD may lead to a recommendation for a
GFD, rendering moot the need for a biopsy; the uncertainty
of the natural history of PCeD is an unmet need, and ad-
vances will lead to improvements in both the biopsy
approach and non-biopsy approach to diagnosis (see
below).

Evidence for Maintaining and Improving
a Biopsy-Based Approach

The primary impetus for continuing to optimize a
biopsy-based approach to CeD has been the imperfect PPV
of serologies for villus atrophy. Close to 100% certainty in
medicine is a high bar, but for the diagnosis of CeD, some
aspire to this for a biopsy-free approach, given the potential
downsides of a life-long prescription of a GFD. Costs of this
diet include financial burden,33 social challenges,34 nutri-
tional complications,35 and the possibility of increasing
clinical sensitivity to gluten exposure after it is excluded.36

Thus, despite the recognized economic and psychological
burdens associated with endoscopy with anesthesia, pitfalls
of histology, widespread use of the non-biopsy strategy in
European children,37,38 and reassuring follow-up studies on
the quality of diagnoses,39–41 most adult providers and
some pediatricians believe that the biopsy would lend
further credibility to the CeD diagnosis and the need for a
life-long GFD.5,42

As noted above, the recent multicenter study found good
concordance between local and central TTG IgA measure-
ment.15 Still, even in the face of improved laboratory stan-
dards or local validation, the intrinsically stable
performance characteristics of a laboratory assay, that is,
sensitivity and specificity, will yield varying PPVs on the
basis of underlying prevalence of CeD in the population
being studied. Although this is an intrinsic property of
diagnostic testing related to Bayes’ theorem,43 this was
borne out empirically in striking detail. In a study of pa-
tients undergoing endoscopy in 2 centers in Buenos Aires,
Argentina, the cutoff of TTG IgA elevation yielding a PPV
was calculated in 2 adult populations: a high-risk group
with diarrhea, weight loss, iron deficiency anemia, or sus-
pected malabsorption; and a low-risk group undergoing
endoscopy with duodenal biopsy for evaluation of
dyspepsia, heartburn, or regurgitation. Using a TTG IgA
with an upper limit of normal of 20 units, the investigators
found that a PPV of 100% could be achieved using a TTG
IgA cutoff of 34 units for the high-risk group, but that a
comparable PPV in the low-risk group would require a
cutoff of 139 units.44 Although setting a sufficiently high
FLA 5.6.0 DTD � YGAST66102_proof
cutoff value would reduce the risk of a false diagnosis in
low-risk populations, this would inevitably yield a large
proportion of patients with TTG IgA elevations that fall
short of this cutoff. Such patients would require a duodenal
biopsy for clarification. Thus, any biopsy-sparing approach
would inevitably apply only to a segment of patients with
suspected CeD, with the remainder continuing to require a
biopsy.

One dilemma that comes up in clinical practice is the
adult presenting with symptoms or anemia and found to
have elevated TTG, who had already undergone upper
endoscopy (without a duodenal biopsy). In this situation,
the benefit of a biopsy approach to diagnosis is uncertain,
and there is not a clear evidence-based path. One
approach to this scenario, in our opinion, is to advise a
GFD if the TTG is 10 times higher than the normal value
and perform the endoscopy only if signs and symptoms do
not improve.

There is particular concern about relying on a sero-
logic approach to diagnosis when considering certain
populations that are candidates for CeD screening, such as
those with a personal history of type 1 diabetes or a
family history of CeD. Although the treatment of CeD with
a GFD is advised regardless of symptoms, the diagnostic
accuracy of a serology-based approach may vary in
certain groups. The practice of testing high-risk groups is
common, although it is not universally recommended to
do so if the patient is asymptomatic. For instance, a 2017
analysis report by the US Preventive Services Task Force
concluded that the evidence is insufficient to recommend
for or against screening asymptomatic individuals,
including those in high-risk groups.45 Nevertheless,
screening is often offered with the rationale that identi-
fying and treating CeD in the asymptomatic phase may
prevent downstream morbidity. One study found that the
specificity of a highly elevated TTG IgA is lower in
asymptomatic (85%) than symptomatic (99%) children,46

raising the possibility that a non-biopsy approach could
yield more false-positive results in asymptomatic chil-
dren. Although the 2020 European Society for Paediatric
Gastroenterology Hepatology and Nutrition guidelines no
longer factor in the presence of symptoms for a biopsy-
free diagnostic criteria,38 rigorously testing this
approach stratified by the presence of symptoms in adults
remains a gap in our knowledge, Likewise, in asymp-
tomatic individuals with type 1 diabetes, a group with an
increased risk of CeD,47 TTG IgA appears to have a lower
specificity in children and adults, and thus this group may
require a higher threshold for a serology-based diag-
nosis.48 This is particularly relevant, given that screening
for serum antibodies for type 1 diabetes and CeD in
children is now recommended in Italy by law.49 QFuture
evaluations of this national recommendation will shed
light on the long-term implications of such a policy, at
least in children.

Reliance on a biopsy for the diagnosis of CeD implies
that the results of the biopsy will change clinical manage-
ment. Yet, as noted above, there remains uncertainty
regarding the management of PCeD, wherein patients with
� 20 March 2024 � 7:11 pm � ce
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Box 1. Clinical Data to be Provided to Pathologists in the
Setting of Celiac Disease

Essential Desirable

Reason for endoscopy Symptoms

CeD status Signs
Initial biopsy to investigate

CeD
Endoscopic appearance

Established patient with
CeD

Serology results (if existing)

Status of gluten consumption
at time of biopsy

Medications

Sites of biopsies
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an elevated TTG IgA have duodenal biopsy that does not
show villus atrophy. Penny et al11 reported on the follow-up
of the 5 patients in the high-risk cohort who fell into this
category. All 5 were symptomatic with iron deficiency
anemia, abdominal pain, or diarrhea. Only 1 of the 5 had a
totally normal duodenal biopsy, and the other 4 had Marsh
1 or 2 lesions. All 5 were prescribed a GFD and subse-
quently had a substantial decline in TTG IgA level after
commencing the diet. Therefore, in this case, relying on a
biopsy for diagnosis did not ultimately change the man-
agement of CeD.

Still, in patients who are asymptomatic or only tran-
siently symptomatic, it is likely that some will prefer to
avoid the GFD if it is safe to do so; a proportion of such
patients might also experience a decline in TTG IgA while
maintaining a gluten-containing diet and might be spared
the diagnosis and treatment.50 Natural history studies in
this population are lacking, and study of this scenario is
complicated by the possibility that some patients in this
gray diagnostic zone may reduce, but not eliminate, their
gluten intake, a practice of uncertain (and unproven)
benefit. Given this uncertainty, it is appropriate to engage in
shared decision making with patients about their desire to
know their CeD status with certainty and to proceed with a
gluten-containing diet if their biopsy does not show villus
atrophy.

At present, there is broad consensus that among in-
dividuals with an elevated TTG IgA that falls short of a 10-
fold elevation, a biopsy-based approach is necessary. But
this may also come to be questioned because a key maxim
in medicine is that a test should not be performed if it will
not change the treatment course. Indeed, among 16
asymptomatic patients with elevated serology (all <10-
fold elevated), normal duodenal histology (ie, PCeD) and
continued gluten ingestion, only 1 developed villus atro-
phy subsequently over the course of 3 years.50 However,
among symptomatic patients with the constellation of
abnormal serology and normal histology (n ¼ 61), adop-
tion of the GFD led to symptom reduction and resolution
in all cases.50 This finding implies that, in a patient with
elevated TTG IgA, the decision to proceed with a duodenal
biopsy may one day depend on the presence of symptoms
and the plan for a GFD. At present, the requirement for
duodenal villus atrophy in adults implies that an asymp-
tomatic patient with positive serologies and normal his-
tology can continue to be monitored while maintaining a
gluten-containing diet. The long-term natural history and
safety of this approach needs further study. One
population-based analysis found that patients with
elevated CeD antibody levels and normal duodenal his-
tology had an increased mortality risk compared with the
general population, although this risk was no longer
significantly elevated beyond 5 years.51 A study of the
National Health and Nutrition Examination Survey in a
cohort of adults age �50 years found that those with an
elevated TTG IgA (comprising 1.4% of the cohort) had an
increased mortality risk for cardiovascular disease and
respiratory diseases, even though most of these seropos-
itive individuals had a negative endomysial antibody
FLA 5.6.0 DTD � YGAST66102_proof
status, suggesting that they may not have had duodenal
villus atrophy.52 (The variability and quality of the endo-
mysial antibody assay may have contributed to this sero-
logic discrepancy.) As such, a key item on the research
agenda should be the investigation of the implications of
elevated CeD serologies in the presence of normal
duodenal histology and whether adoption of a GFD is
necessary for preventing downstream morbidity.
Current Best Practices and Challenges
to Optimizing Utility of Duodenal
Biopsies

Regardless of the acceptability of a non-biopsy
approach to diagnosis, given that many patients’ TTG IgA
levels fall short of predefined thresholds, biopsy will
remain a key component of CeD diagnosis in many sce-
narios. Challenges facing pathologists in rendering com-
plete and accurate assessments of duodenal biopsies fall
into the following 4 broad categories: (1) incomplete
clinical information, (2) insufficient sampling, (3) subop-
timal handling and orienting of mucosal biopsies, and (4)
lack of uniformity of reporting terminology in pathology
reports. Best practices for the use of the duodenal biopsy
in CeD require collaboration among the gastroenterologist,
endoscopy suite personnel, pathology laboratory, and
surgical pathologist.53

With respect to the gastroenterologist, there is a minimal
clinical data set to be communicated to the pathologist to
maximize diagnostic utility of mucosal biopsies, including
reason for endoscopy, designation as diagnostic or follow-
up biopsy in an established patient with CeD, serology if
available, status of gluten consumption, medications (espe-
cially sartans, nonsteroidal anti-inflammatory drugs,
checkpoint inhibitors, and other chemotherapeutic agents),
and site of biopsies. Symptoms and signs and endoscopic
� 20 March 2024 � 7:11 pm � ce
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appearance are helpful, although the sensitivity and speci-
ficity of the endoscopic appearance has been shown to be
limited54,55 (Box 1). In centers with an electronic medical
record, clinicians may assume pathologists will access the
electronic chart, however, due to time constraints, most
samples are evaluated with the clinical data immediately
at hand (eg, pathology requisition form or endoscopy
report).

The approach to duodenal sampling has been estab-
lished by professional society guidelines, which recommend
2 biopsies from the first duodenum and 4 biopsies from the
distal duodenum.5,56–59 Sampling that does not include the
recommended numbers and locations risks missing diag-
nostic changes, because patchy distribution of mucosal
injury in CeD is well documented.60–63 Despite these rec-
ommendations, adherence to biopsy guidelines in the United
States appears to be low,17 presenting an opportunity for
improvement (Box 2). There are also data to suggest that
obtaining just 1 biopsy per pass of the forceps better pre-
serves duodenal mucosal integrity.64

Duodenal mucosal biopsies are delicate and should be
handled as little as possible by endoscopy and pathology
personnel. The most crucial step affecting quality of the
pathology evaluation of duodenal biopsies is the embedding
process, during which samples are oriented and stabilized
into paraffin wax tissue blocks for sectioning. The goal is to
achieve perpendicular orientation such that a continuous
layer of epithelium can be traced from villous tip to crypt
base. In busy laboratories, the success in orienting mucosal
Box 2. Challenges and Solutions to Improving Duodenal Biops

Challenge

Inadequate clinical information E

Pathologist workload prevents searching electronic medical
record

A

Duodenal sampling not following guidelines E

Physical damage due to sample handling
In endoscopy suite 1

In pathology laboratory A

Failure to embed biopsies “on edge” in busy laboratories,
such that many villous–crypt units are inadequately
oriented to allow for architectural assessment

E

G

At microscopy, rendering assessment on poorly oriented
villous–crypt units

E

Uniformity and completeness of pathology report U

F

FLA 5.6.0 DTD � YGAST66102_proof
biopsies varies (Figure 1). Damage done during the pre-
analytical steps can be irretrievable (eg, villi shorn off
during transfer or poor orientation in tissue blocks), except
in rare laboratories that may tilt tissue blocks to achieve a
better villus–crypt orientation in tissue sections.65,66 Chal-
lenges in biopsy orientation in the pathology laboratory
represent an important opportunity to improve biopsy
reporting in CeD.

Best practices for the histologic assessment of duodenal
mucosal biopsies require a holistic approach to detect ab-
normalities from any cause and are not limited to consid-
ering a single disease. The differential diagnosis for
inflammation in the duodenum includes drug reactions;
physiologic, so-called “peptic injury”; Helicobacter pylori–
associated duodenal inflammation; immunodeficiency dis-
orders; bacterial overgrowth; and infections. The histologic
changes of active CeD are established and include increases
in IELs >25/100 enterocytes, with varying degrees of
villous blunting and crypt hyperplasia assessed by means of
subjective categorical scoring classifications or, less likely,
by means of exact measurement of the villus height to crypt
depth (VH:CD) ratio.67,68 Normal VH:CD beyond the duo-
denum bulb is at least 2.5:1 and increases from the proximal
to the distal small intestine. The classic changes are reliably
present at diagnosis in patients with CeD consuming gluten
and ameliorate (partially or wholly) in most patients with
CeD following a strict GFD. The most common cause of
persistent mucosal inflammation in follow-up biopsies is
ongoing gluten ingestion,69 and the astute clinician
y Diagnosis in Celiac Disease

Solution

ndoscopist to include pertinent data set on pathology requisition
form (see Box 1)

utomatic uploading of endoscopic report and pertinent clinical data
into pathology information system

ducation to increase awareness of importance of following
sampling guidelines to assure diagnosis of patchy mucosal injury

biopsy per pass, minimize handling when transferring to formalin-
filled specimen container (not on filter paper)

void grasping with forceps, use of appropriate tissue cassettes or
mesh bags

ducation for pathologists and laboratory directors to increase
awareness of importance of proper biopsy orientation

oal is to achieve improvement while not significantly impeding
laboratory flow

ducation for pathologists to limit architecture assessment to well-
oriented regions, obtaining level sections as needed.

se of published best practices in reporting duodenal biopsy
findings

uture incorporation of digital pathology and software-assisted
quantitative morphometry
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Figure 1. Examples of the impact of laboratory tissue embedding on microscopic interpretation of duodenal mucosal biopsies.
Normal mucosa: (A) This sample shows desired perpendicular orientation of the mucosa in the middle of the sample, such that
there is a continuous line of epithelium from the top of the villus to the crypt base (bracketed by solid bars). The villus–crypt
junction is indicated by the dashed line. (B) Normal mucosa with suboptimal orientation. Although a continuous epithelial line
can be seen for the villus on the left, much of the biopsy shows tangential sectioning with crypts appearing as multiple rings
(star) on the right. This precludes assessment of the villus–crypt ratio. CeD: (C) In this well-oriented duodenal bulb biopsy taken
at the time of diagnosis, there is a continuous line from the surface epithelium to the crypt base (solid bars), allowing for the
accurate designation of complete villus blunting (Marsh-Oberhuber 3C). (D) Another biopsy fragment from the same endo-
scopic procedure with poor orientation (star indicates rings of crypts), giving the false appearance of preserved, although
shortened, villi (bars).

p
ri
n
t
&

w
e
b
4
C
=
F
P
O

6 Robert et al Gastroenterology Vol. -, Iss. -

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700
considers the multiple causes of “apparent refractoriness” to
the GFD before considering a diagnosis of refractory
CeD.69,70 The workup of suspected refractory CeD is often
Table 1.Categorical Classifications for Pathologic Evaluation o

Marsh-Oberhuber, 1999

Typea Crypts Appearance of v

Infiltrative type 1 Normal Normal

Hyperplastic type 2 Hypertrophic Normal

Destructive type 3a Hypertrophic Mild blunting

Destructive type 3b Hypertrophic Moderate blunting

Destructive type 3c Hypertrophic Severe blunting (fla

Hypoplastic type 4 Atrophic Severe blunting (fla

NOTE. Modified from Oberhuber et al,97 Corazza and Villanacc
aAll types/grades show increased IELs �25/100 enterocytes.

FLA 5.6.0 DTD � YGAST66102_proof
performed at specialized celiac centers, where flow cytom-
etry on fresh samples and other advanced techniques can be
applied.70–72
f Celiac Disease

Corazza and Villanacci, 2005 Ensari, 2010illi

Grade A Type 1

Grade A Type 1

Grade B1 Type 2

Grade B1 Type 2

t) Grade B2 Type 3

t) Obsolete Obsolete

i,77 and Ensari.78
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To consider whether changes consistent with CeD are
present, the first rule of biopsy interpretation is to evaluate
duodenal mucosa only in well-oriented villus–crypt units
(Figure 1). This allows for a valid assessment of mucosal
architecture to detect villous blunting and crypt elongation.
Studies have established that assessing architecture in
unoriented regions results in either over- or under-
estimating abnormalities.19,73,74 Although orientation is less
vital to assess IELs, it is still important because IELs are
normally more numerous in the bases and lateral aspects of
villi, whereas in CeD, IELs are increased in villous tips.
Multiple subjective algorithms exist to classify villus archi-
tecture in CeD, including those of Marsh, Marsh-Oberhuber,
Corazza and Villanacci, and Ensari,75–78 and descriptive
approaches (mild, moderate, or severe villus blunting53)
(Table 1). Of these reporting approaches, Marsh-Oberhuber
is used commonly in Europe, although descriptive language
is used commonly in the United States. Provided clinicians
and pathologists are in clear communication, no system has
been found to be superior to the others. With respect to
Marsh-Oberhuber, studies have reported both poor and
good interobserver agreement among pathologists, with
differences in results likely related to methodology.79–81

Very few centers routinely provide numeric measurements
of VH:CD ratios in clinical reports.

The Future
Digital Pathology, Machine Learning, and
Artificial Intelligence

As an improvement over subjective, categorical ap-
proaches to histologic evaluation, digital pathology has the
potential to allow software-assisted numeric measurements
of both IELs and VH:CD ratios, with very little increased
time commitment on the part of pathologists.82,83 To date,
digital measurements have been used primarily in the
research and clinical trial settings,84,85 with very limited
application in daily clinical practice. High interobserver
agreement (intraclass correlation coefficient or Cohen’s k)
in VH:CD and IELs/100 enterocytes was demonstrated
among pathologists from 3 centers after brief training
using software on digital images.86 Wider availability of
digital evaluation will eliminate the need for painstaking
IEL counting at the microscope and assigning categorical
scores of villus architecture, with the advantage of
providing numeric results that could be compared be-
tween biopsies on the same patient. However, the digital
approach still relies on well-oriented sections, again
highlighting the importance of this step as an opportunity
for improvement.

As pathology laboratories continue to pivot to digital
pathology, interest in artificial intelligence to generate di-
agnoses is an area of active engagement, primarily by
commercial AI companies. The most significant barrier to
artificial intelligence applications in pathology diagnosis is
the high cost of developing reliable algorithms, which re-
quires significant computing power, large training sets and
subsequent validation sets.87 It should be understood that
US Food and Drug Administration approval of AI-assisted
FLA 5.6.0 DTD � YGAST66102_proof
pathology diagnoses will be required before artificial intel-
ligence can be used to render clinical diagnoses in the
United States.

A “Molecular Microscope” for Celiac Disease
Histologic examination of duodenal biopsies provides a

useful snapshot of mucosal injury but lacks dynamic infor-
mation that allows for a complete assessment of disease
activity, such as the degree of IEL cytotoxic activity, IgA anti-
TTG deposits, or cytokine expression in epithelium and
lamina propria inflammatory cells. The concept of a mo-
lecular microscope, introduced in solid organ trans-
plantation to pair histology with transcriptomic/genomic
expression, allows for the definition of immune signatures
associated with rejection and other inflammatory states.88

Similarly, in CeD, transcriptomic signatures in duodenal
biopsies at diagnosis and follow-up are being defined.89–95

These signatures could eventually translate into bio-
markers in tissue and blood (with or without a gluten
challenge step) providing a “disease activity index” to
complement, or in some settings replace, histologic evalua-
tions. To date, such analyses using fresh or fixed duodenal
samples have identified potential biomarker genes showing
differential expression among normal, untreated, and
treated duodenal mucosa in CeD, including pre-disease
changes in at-risk populations.82,90–95 Such biomarkers can
also play a role in measuring responses to therapeutic in-
terventions in clinical trials.96

Conclusions
An increasing body of data supports the accuracy of a

non-biopsy approach in the context of a highly elevated TTG
IgA in diagnosing CeD. Both this approach and a biopsy-
centered approach to CeD have room for improvement
related to patient selection, laboratory standardization,
documentation, and quality of specimen acquisition and
interpretation. There is concern that widespread adoption
of a biopsy-free approach may lead to an over-reliance on
serologies that fall short of the criteria that would lead to an
accurate diagnosis. Advances in understanding the natural
history of seropositivity may lead to changes in recom-
mendations regarding whom to biopsy. Parallel advances in
digital pathology, machine learning, and transcriptomics
may lead to an era wherein the biopsy provides far more
rich data on diagnosis, response to therapy, and prognosis.
� 20
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