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Abstract

Introduction: Measurement of breath hydrogen (H2) and methane (CH4) excretion

after ingestion of test‐carbohydrates is used for different diagnostic purposes. There
is a lack of standardization among centers performing these tests and this, together

with recent technical developments and evidence from clinical studies, highlight the

need for a European guideline.

Methods: This consensus‐based clinical practice guideline defines the clinical in-

dications, performance, and interpretation of H2‐CH4‐breath tests in adult and

pediatric patients. A balance between scientific evidence and clinical experience was

achieved by a Delphi consensus that involved 44 experts from 18 European coun-

tries. Eighty eight statements and recommendations were drafted based on a review

of the literature. Consensus (≥80% agreement) was reached for 82. Quality of ev-

idence was evaluated using validated criteria.

Results: The guideline incorporates new insights into the role of symptom assess-

ment to diagnose carbohydrate (e.g., lactose) intolerances and recommends that

breath tests for carbohydrate malabsorption require additional validated concurrent

symptom evaluation to establish carbohydrate intolerance. Regarding the use of

breath tests for the evaluation of oro‐cecal transit time and suspected small bowel

bacterial overgrowth, this guideline highlights confounding factors associated with

the interpretation of H2‐CH4‐breath tests in these indications and recommends

approaches to mitigate these issues.

Conclusion: This clinical practice guideline should facilitate pan‐European harmo-

nization of diagnostic approaches to symptoms and disorders, which are very

common in specialist and primary care gastroenterology practice, both in adult and

pediatric patients. In addition, it identifies areas of future research needs to clarify

diagnostic and therapeutic approaches.

K E YWORD S

fructose, intolerance, lactose, malabsorption, oro‐cecal transit time, small intestinal bacterial
overgrowth

INTRODUCTION

In the human body, hydrogen (H2) and methane (CH4) are derived

exclusively through anaerobic fermentation of both endogenous and

exogenous carbohydrates by enteric microflora.1,2 Studies have

shown that this process is rapid, and H2 can be measured in the

breath less than 5 min after introduction of sugars and poly-

saccharides into the unprepared colon.3 Increased concentrations of

this gas in breath after oral ingestion of a fermentable carbohydrate

therefore indicate that the substrate has not been fully absorbed by

the small bowel and has come into contact with saccharolytic bac-

teria. This is the physiological basis for the detection of carbohydrate

malabsorption by H2‐CH4 carbohydrate breath tests.

Measurement of H2 excretion in end‐expiratory breath for the

assessment of carbohydrate malabsorption was introduced into

clinical practice in the 1970s,4,5 and has since been recommended

and widely used for diagnostic purposes in adults and children.6–9

More recently, additional measurement of CH4 concentrations has

been proposed in order to improve test accuracy,10 especially in

patients who do not excrete measurable quantities of H2 in breath.

Hydrogen breath tests (H2BTs) have been used for (I) assessment

of carbohydrate malabsorption of sugars, such as lactose and fruc-

tose, that are variably absorbed in the small bowel, (II) measurement

of the time interval between ingestion of an unabsorbable carbohy-

drate, such as lactulose, and its contact with colonic bacteria in the

cecum (oro‐cecal transit time, OCTT), and (III) contact of a test

carbohydrate, such as glucose or lactulose, with abnormally high

concentrations of bacteria in the small bowel (small intestinal

bacterial overgrowth, SIBO).6,7,10 Breath tests are non‐invasive,
relatively simple to perform and safe diagnostic tools, which can be

used both in adults and in children. The results are considered helpful

in the evaluation of common abdominal symptoms such as bloating,

flatulence, abdominal pain, and diarrhea, which can be caused by

carbohydrate malabsorption and intolerance.6,7,10
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Although several national guidelines have provided guidance on

indications and performance of H2 and CH4 breath tests,
6,7,10 there is

a lack of standardization regarding performance and interpretation

among expert centers in different countries. This is relevant because

modifications of test procedures and of the evaluation of data may

markedly influence test results, diagnosis, and, thus, clinical useful-

ness of the investigation. In addition, in recent years, clinical and

scientific developments have considerably expanded the knowledge

about how these tests should be performed and interpreted.

There is increased awareness that the clinical usefulness of breath

tests for the detection of carbohydrate malabsorption in patients with

abdominal symptoms is incompletely understood, and that an impor-

tant discrepancy exists between the presence of malabsorption and

intolerance.11 The meaning and the use of the terms “lactose malab-

sorption” and “lactose intolerance” has not always been clearly

defined12 and the misuse of these terms (e.g., in patients with lactose

malabsorption without a close temporal association with symptoms13)

may be the cause for conflicting results of clinical studies. Many other

studies have recruited patients with malabsorption and symptoms

following ingestion of high doses of sugars (e.g., 40–50 g lactose), which

is of questionable clinical or therapeutic relevance.14–17 Additionally,

test‐specific symptom questionnaires for carbohydrate intolerance

have rarely been applied in the past to document carbohydrate intol-

erance.18–20 The current guideline will define terms and put a focus on

the role of validated procedures and measurement for the detection of

carbohydrate malabsorption and intolerance.

Recent studies have questioned the usefulness of H2BT in the

detection of SIBO and in the measurement of rapid OCTT owing to

difficulties in interpreting results because of potential overlap of test

results in these two clinical entities.21,22 This guideline will also

address this issue.

The aim of this consensus‐based clinical practice guideline of

H2‐CH4‐carbohydrate breath tests is to improve harmonization of

diagnostic approaches in the assessment of functional gastrointestinal

(GI) symptoms and disorders which are very common in specialist and

primary care gastroenterology practice, both in adult and in pediatric

patients. It should provide physicians with the information required to

deliver high quality care and to communicate the best care options to

patients. It is hoped that this will add to the quality of clinical care

and, thus, the welfare of GI patients because it will allow a more

rational, evidence‐based approach to diagnostic evaluation and

treatment. The guideline will also help to minimize disparities be-

tween health care systems across Europe and facilitate cooperation

between expert groups, and the performance of multi‐center clinical
trials focused on the management of functional GI disease, carbohy-

drate intolerances, SIBO, and related conditions.

METHODS

The structured procedure, whichwas developed for the creation of this

consensus‐based clinical practice guideline, has been published.23 This
procedure was initiated by three representatives of the contributing

societies (heads of guideline) and started with formation of a

representative core group of experts nominated from all participating

societies and associations. This core group developed 88 statements

and recommendations, which were then submitted to a wider group of

reviewers in a three‐stage Delphi voting process. The participating

societies, and the names of the heads of guideline, the core group leads,

and core group members are listed as authors; the reviewers are listed

as members of the European H2‐CH4‐breath test group.
Four core groups were established for the following topics: general

methodology, assessment of carbohydrate malabsorption and intoler-

ance, assessment of SIBO, andmeasurement of OCTT. Each core group

developed recommendations and statements, which addressed indi-

cation, operating procedures, and interpretation of breath tests used in

their assigned topics. A “recommendation” was developed if the core

group felt that a suggestion or proposal as to the best course of action

was adequate. A “statement” was drafted if the core group felt that a

summary of current knowledge or procedures was adequate. State-

ments and recommendations were based on available research and

consensus documents including those of participating societies, and

systematic literature search in Medline/Pubmed and the Cochrane

databaseusing thePICOsystemas appropriate (i.e., patient population/

problem, intervention, comparison/control, and outcome).

Key questions, which were addressed, were:

1. What are the general technical requirements and operating pro-

cedures for performance of H2‐CH4 breath tests, including prep-

aration, dosage, breath sampling, and technical analysis?

2. What is the value of including measurements of CH4 in breath

samples?

3. What is the role of H2‐CH4 breath tests in the evaluation of car-

bohydrate malabsorption, in suspected SIBO, and in the mea-

surement of OCTT?

4. What is the role of including symptom measurements to diagnose

carbohydrate intolerance?

5. What are the reporting requirements?

Scientific quality of evidence for statements and recommendations

was assigned using a modified Oxford grading24 with four levels of

evidence: the highest level of evidence (systematic reviews, validating

cohort studies) was designated “A” and the lowest level of evidence

(expert opinion) was designated “D” (Table 1). Strength of recommen-

dationswas indicatedby thewording used for the recommendation and

graded with four grades with A (“has to be,” “is to be,” and “shall”) being

the highest to D (“may”) being the lowest (Table 2).

Statements and recommendations were distributed via email for a

Delphi voting process (6‐point Likert scale) and commenting among

reviewers for three Delphi voting rounds. Recommendations and

statements were considered to be accepted if they had achieved ≥80%
agreement (thehighest twopoints of the6‐point Likert scale) and<10%
disagreement (the lowest two points of the 6‐point Likert scale). After
each voting round recommendations and statements which were

declined were modified according to comments, and modified state-

ments and recommendations underwent further rounds of the Delphi

process as previously described.23 After three Delphi rounds, 82

statements and recommendations were accepted.
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In the manuscript for each of the recommendations, quality “Q,”

strength “S,” and the rates of agreement and disagreement (in %) are

shown. For statements, only quality “Q” was assigned. Rates of

agreement and disagreement do not necessarily add up to 100% if

some of the votes were in the middle of the 6‐point Likert scale

(indicating minor agreement or minor disagreement).

Most of the recommendations are valid for all ages from childhood

to adult, except those in which specific circumstances of pediatric pa-

tients must be considered. These statements are marked with “Ped.”

METHODOLOGY OF BREATH TESTS

Any assessment of the diagnostic accuracy of H2BT and compa-

rability between tests performed in different locations and

laboratories requires defined test protocols. However, for

research projects, test parameters such as dose or composition of

the test substance or test meal, duration and interval of breath

sampling, and cut‐off values defining normal versus abnormal can

be varied to evaluate the impact of the variation on test results

(agree 86%, disagree 2%).

Some of the carbohydrates used in the various H2BT are not

completely soluble at doses recommended for their use in room

temperature water at the suggested volumes of water. For practical

purposes, a “suspension” of the sugar (by stirring the water and

immediately drinking the suspension) is appropriate. Dissolution of

test carbohydrates in warm tea or use of foods rich in the test

carbohydrate (e.g., milk) shall be avoided because of potential

interference of other components of these “test‐meals” with GI

function.25,26

TAB L E 1 Level of evidence for describing the quality of recommendations and statements (modified after reference 24)

Level of Evidence Diagnostic studies

A: High 1a SR (with homogeneity) of level 1 diagnostic studies; CDR with 1b studies from different

clinical centres

1b Validating cohort study with good reference standards; or CDR tested within one clinical

centre

1c Absolute SpPins and SnNouts

B: Moderate 2a SR (with homogeneity) of level >2 diagnostic studies

2b Exploratory cohort study with good reference standards; CDR after derivation, or

validated only on split‐sample or databases

C: Weak 3a SR (with homogeneity) of 3b and better studies

3b Non‐consecutive study; or without consistently applied reference standards

4 Case‐control study, poor or non‐independent reference standard

D: Expert opinion 5 Expert opinion without explicit critical appraisal, or based on physiology, bench research or

“first principles”

Note: “Absolute SpPin”: a diagnostic finding whose specificity is so high that a positive result rules‐in the diagnosis. “Absolute SnNout”: a diagnostic finding
whose Sensitivity is so high that aNegative result rules out the diagnosis. SNOUT: acronym for “Sensitive test whenNegative rulesOUT the disease,” SPIN:

acronym for “Specific test when Positive rules IN the disease.”

Abbreviations: CDR, clinical decision rule; SR, Systematic review.

TAB L E 2 Descriptors of grading of strength of recommendations

Descriptor Meaning
Wording used for the
recommendation

A–Strength high Evidence or general accord that the recommendation is useful or effective. Further

research is very unlikely to change our confidence in the estimate of effect.

..has to be…..

…is to be…..

….shall…

B–Strength

moderate

Conflicting evidence or discordant opinions that the recommendation is useful or

effective. The weight of evidence/opinion is in favour of utility. Further research is

likely to have an important impact on our confidence in the estimate of effect and

may change the estimate.

…should…..

…can…..

C–Strength low Conflicting evidence or discordant opinions that the recommendation is useful or

effective. Further research is VERY likely to have an important impact on our

confidence in the estimate of effect and is likely to change the estimate.

…..could….

D–Strength very low Any estimate of effect is very uncertain. ….may…..
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How shall breath samples be collected?

Accurate results from breath testing rely on proper preparation of

patients and instruction on how to perform the breath test man-

euvre, on reliable sampling of end‐expiratory air, on stability of the

stored sample if measurements are delayed, and on reproducibility

and accuracy of the breath analyzer, including its algorithms for

measuring or calculating H2 or CH4 concentration.
6,7,10,27–31 Correct

collection of breath samples is a prerequisite for obtaining

end‐expiratory breath samples which are less prone to dilution of H2

and CH4 by bronchial dead air volume.6 Different sampling and

measurement devices have been described or are commercially

available.12,29,30,32–34 For example, in young children a face mask,

connected to a double bag by means of a T‐valve, is commonly

used.35 Adult breath collection techniques are used when the child

can blow a balloon and thus can mentally and physically cooperate.

Some breath analyzers use algorithms based on the measure-

ment of carbon dioxide (CO2) or oxygen (O2) in exhaled air to detect

and correct for dead space air mixed into the breath sample.36 Breath

H2 samples are stable for 6 h at room temperature, and if mea-

surements are delayed beyond this, storage at −20℃ is needed.27,31

Recommendation 1.1

For collection and measurement of breath samples, certified

medical products shall be used. Attention must be given to

breath sampling, storage and stability of breath samples and

the manufacturer's instructions on handling of the sampling

devices and the breath analyzing instruments in order to

guarantee accuracy of breath testing.

Q: C; S: A, 100% agree

Recommendation Ped 1.1

For collection and measurement of breath samples in young

children who cannot use the technique used in adults vali-

dated alternative collection devices, like a face mask, nasal

probe or others should be used.

Q: C, S: B; 100% agree

How shall patients be prepared for testing?

The majority of authors recommend performing the test in the

morning, after mouth cleansing and to follow an overnight fasting

condition. Smoking and exercise that may result in hyperventilation

are not permitted before or during the test.37–39

There is strong evidence that antibiotics40–42 and colonic

cleansing40 alter the composition of, and metabolism by intestinal

bacteria and therebyH2production. There are nodata onhow long this

effect lasts, but it has been suggested to delay H2BT for between 1 and

4 weeks after finishing antibiotic treatment or colonic cleansing.6,7,10

SinceH2BTsare generally performed toaddress chronic symptomsand

are not emergency procedures, it is reasonable that the waiting period

between antibiotic treatment or colonic cleansing and the breath test

shall be long enough in order not to raise doubts about potential in-

fluence of these treatments or procedures.

A high fasting level of breath H2 might impair the detection of a

rise in H2 concentration by fermentation of the test carbohydrate

and therefore should be minimized. High fasting levels may be the

result of a high fiber meal on the previous evening,43 smoking before

the test44,45 or abnormal GI anatomy (e.g., small bowel diverticula) or

function (e.g., constipation) resulting in a background activity of

bacterial fermentation. A low fiber diet or a diet containing

fermentable oligosaccharides, disaccharides, monosaccharides, and

polyols (FODMAP)46 decreases breath H2 excretion. Previous rec-

ommendations have suggested different time intervals of up to 24 h

of restricting diet before testing.6,7,10 In constipated subjects, it may

be preferable to avoid foods, which may result in gas production, for

up to 48 h although there are no data supporting this. In pediatric

patients, it may not always be possible to avoid certain foods, espe-

cially lactose containing foods. There are no strong data in the

literature on how long smoking shall be avoided before the H2BT;

however, a practical recommendation must consider how long a

smoker might tolerate refraining from smoking, therefore a 2‐h
period was considered to be reasonable by the guideline group.

Fast rises in H2 concentration, which may be due to oral

bacteria,47,48 can be prevented by mouthwash with 1% chlorhexidine

solution.49 Rinsing with chlorhexidine may be difficult to achieve in

children. In the current guideline, a recommendation proposing that

in this case a wet tissue may be used to clean the oral cavity did not

reach agreement (agree: 59%, disagree 4%).

Hyperventilation reduces breath H2 concentrations50,51 and

previous guidelines have recommended limiting physical activity

before and during the test.6,7,10

Different drugs,52,53 including probiotics,6,54 may affect GI

transit,55–57 and bacterial metabolism of carbohydrates.33,58 Inter-

pretation of results of the breath test requires information on drugs

taken by the patient at the time of H2BT. Whether drugs for symp-

tomatic treatment, such as laxatives, antidiarrheals, and spasmolytics,

can and should be stopped before the test, depends on the clinical

situation and remains at the discretion of the clinician. Special

consideration must be given to carbohydrate‐laxatives such as lac-

tulose or fermentable dietary fibers (e.g., fig syrup and bran), which

need to be stopped before the test and, if required, be replaced by

non‐carbohydrate laxatives, such as polyethylene glycol.53 Some

medications that have a significant effect on GI physiology (e.g.,

opioids) may not be able to be stopped, but in these cases, the test

results must be interpreted with caution.

Recommendation 1.2

Breath testing should be delayed until at least 4 weeks after

finishing antibiotic therapy.

Q: D, S: B, 100% agree

Recommendation 1.3
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Breath testing should be delayed until at least 2 weeks after

colonic cleansing for endoscopic or surgical procedures.

Q: D, S: B, 83% agree, 0% disagree

Recommendation 1.4

For a minimum of one day before breath testing, foods

containing poorly absorbed, fermentable carbohydrates and

dietary fibers should be avoided.

Q: D, S: B, 90% agree, 0% disagree

Recommendation Ped 1.4

In pediatric patients on the day before breath testing food

containing fibers and poorly absorbable fermentable car-

bohydrates, like lactose, fructose, xylitol and other

fermentable oligosaccharides, disaccharides, mono-

saccharides and polyols should be avoided, if possible.

Q: D, S: B, 100% agree

Recommendation 1.5

A minimum fasting period of 8 h should be observed before

breath testing.

Q: D, S: B, 98% agree, 0% disagree

Recommendation Ped. 1.5

In children and adolescents, a minimum fasting period of 8 h

should be observed before breath testing, whereas a fasting

period of 4–6 h should be observed in infants (<1year of age).
Q: D, S: B, 100% agree

Recommendation 1.6

To reduce the risk of H2 production from oral bacteria, the

oral cavity should be rinsed with an antiseptic solution (e.g.,

chlorhexidine) immediately before the first (baseline) breath

measurements are obtained.

Q: C, S: B, 83% agree, 7% disagree

Recommendation Ped 1.6

If the baseline H2 concentration before carbohydrate

ingestion is ≥15 ppm, children should be asked to rinse their
mouth with tap water and then provide a next breath

sample. The breath test shall be continued only if the

baseline H2 value is <15 ppm to exclude children with small

intestinal bacterial overgrowth.

Q:D, S:B; 89% agree, 5% disagree

Recommendation 1.7

Smoking shall be avoided on the day of the test at least 2 h

before and during the duration of the test.

Q: C, S: A, 98% agree, 0% disagree

Recommendation 1.8

Physical activity shall be limited for 2 h before and during

the test to prevent the influence of respiration on breath H2

values.

Q: C, S: A, 95% agree, 0% disagree

Recommendation 1.9

Drugs that contain fermentable carbohydrates (e.g., lactu-

lose or lactose in gram doses), prokinetics, laxatives and

probiotics should be stopped at least 24 h prior to breath

testing, if possible.

Q: D, S: B, 86% agree, 0% disagree

Recommendation 1.10

Information on drugs with pharmaceutical action in the

gastrointestinal tract and probiotics taken by the patient

within 24 h before the test shall be obtained.

Q: D, S: A, 93% agree, 0% disagree

Is there a need for additional gas measurements to
improve diagnostic value?

Methanogenic flora,2 dietary sulfate,59 or acidic colonic pH60 may

contribute to low rates of colonic H2 accumulation, resulting in false

negative tests due to “low H2 production” or “non‐excretion” in up to
20% of H2BT.

61 It has been suggested that additional measurement

of breath concentrations of CH4 may help to improve sensitivity of

the breath tests in H2 non‐excretors.10 Some breath test analyzers

use algorithms based on the measurement of CO2 or O2 in exhaled

air to correct for dead space air in the breath samples. However, the

detection rate of carbohydrate malabsorption has not been signifi-

cantly affected by additional measurement of CH4 or of CO2 in

children and adolescents.62 The potential increase in test accuracy

due to these additional measurements must be weighed up against

higher costs of equipment and potentially more complicated breath

collection. Independent from the use of CH4 for diagnosis of carbo-

hydrate malabsorption the detection of CH4 in breath may be helpful

for directing treatment of constipation.63

Statement 1.11

Measuring breath CH4 excretion, if available, may be helpful

in patients with low H2 excretion and/or lack of a clinically

relevant increase in breath H2 after ingestion of a mal-

absorbed substrate like lactulose.

Q: D, 85% agree, 3% disagree

Statement 1.12

Measuring breath CO2 or O2 excretion, if available, may be

helpful to confirm that end‐expiratory collection of breath is
correct.

Q: D, 92% agree, 0% disagree

CARBOHYDRATE MALABSORPTION AND
INTOLERANCE

Introduction

Incomplete absorption of carbohydrates in the small intestine may

have different causes. For some monosaccharides such as fructose, or
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sugar alcohols such as sorbitol or xylitol, absorptive capacity in the

small intestinal mucosa is limited, and high amounts of these carbo-

hydrates may result in their incomplete absorption in normal, healthy

individuals.15,64–67 For other carbohydrates, such as the di-

saccharides lactose or trehalose, specific digestive enzymes, such as

lactase or trehalase, are required to digest the disaccharide to

absorbable monosaccharides.66,68 Lack of these enzymes may result

in malabsorption of the respective carbohydrate.66,69 In fact, the list

of poorly absorbable FODMAPs is long. The term FODMAP

was introduced for a group of carbohydrates based on their

chemical‐analytical criteria rather than biological effects70 and does

not include incompletely absorbable long chain carbohydrates, such

as starches71–73 and many dietary fibers that also pass unchanged

into the large intestine.74,75

The common end for all carbohydrates that are not fully absor-

bed in the small bowel is bacterial fermentation in the colon with

production of short chain fatty acids and gases.76 In addition to the

effects of short‐chain carbohydrates themselves, the production of

short chain fatty acids increases passive movement (osmosis) and

active secretion of water and sodium into the lumen that can result in

diarrhea.77,78 At the same time production of gases, such as CO2, H2,

or CH4, may contribute to the sensation of abdominal bloating, pain

and flatulence, related to perception of colonic distension.79–81

Whether these processes cause symptoms is related to many fac-

tors including the total dose of poorly absorbable carbohydrates

ingested, the saccharolytic activity of bacteria in the colon, the

structure and function of the GI tract, and patient factors which

affect sensitivity to chemical and mechanical stimulation of the in-

testine. The complex interplay between these factors results in

marked variation in the likelihood of symptom development after

ingestion of poorly absorbable, fermentable carbohydrates between

individuals and even in the same person over time.12,17,58,68,82–85

The rationale for using the measurement of H2 excretion in

breath to establish malabsorption of carbohydrates was established

in the late 1970s,4 based on three observations: first, H2 is not

produced by human cells, and its production occurs almost entirely

due to bacterial fermentation in the colon; second, this production

markedly and rapidly increases when carbohydrates are delivered to

colonic bacteria; and third, increased H2 production is readily

detectable as an increase in H2 excretion in the breath.

Background and definitions

Age of onset helps to identify the different forms of lactose malab-

sorption occurring throughout pediatric ages and some of these also

are relevant in adults.

Congenital lactose malabsorption is extremely rare, is genetically

determined by absent lactase (alactasia), manifests with severe

symptoms (intractable watery osmotic diarrhea associated with

metabolic acidosis, dehydration and weight loss) in the first days of

life, necessitates a complete lactose free infant formula, and has been

reported mostly in Finland and Western Russia.86

Developmental lactase deficiency refers to the relative lactase

deficiency in preterm neonates of less than 34 weeks of gestation.

Primary lactose malabsorption (due to lactase non‐persistance
with increasing age) usually presents after 3 years of life in more

than half of the world population, depending on the geographical

origin and ethnicity.86 In many European populations, the persis-

tence or decline of lactase activity is related to the point poly-

morphism C/T 13910, with the genotype CC in lactase deficiency, TT

in lactase persistency, and C/T in the intermediate expression.87–89

In other geographical regions, other point mutations have been

described.90 Northern European children and adults present with the

lowest prevalence of primary lactase malabsorption, while lactase

deficiency predominates in Asian and American adolescents and

adults.

Secondary lactase deficiency, due to damage to the small intes-

tinal mucosa, may occur at any age and may be caused by infectious

enteritis (i.e., Rotavirus, particularly in infancy), enteropathy (i.e.,

celiac disease, Giardiasis, and Crohn's disease), or severe malnutri-

tion and may, thus, be transient and related to the underlying

condition.86

Various methodologies are used which assess different parts of

the process that leads from mucosal maldigestion to malabsorption

and intolerance of carbohydrates, such as lactose and others.13 The

different parts of this process identified by these different method-

ologies have different diagnostic and potentially also therapeutic

implications. The following definitions were agreed on during the

Delphi process:

� The terms “lactase deficiency,” “lactose malabsorption,” and

“lactose intolerance” describe different aspects of a pathogenetic

process, which are documented by different diagnostic proced-

ures, have different clinical relevance and therapeutic conse-

quences, and may be, but do not necessarily have to be, connected

(97% agree, 0% disagree).

� “Lactase deficiency” refers to a lack of the activity of the enzyme

lactase, which is the disaccharidase responsible for digestion of the

disaccharide lactose and is located in the mucosa of the small

bowel. Lactase deficiency can be diagnosed directly by measure-

ment of enzyme activity in mucosal biopsies, and indirectly either

by genetic testing or by measurement of serum glucose concen-

tration after ingestion of lactose. Lactase deficiency can be pri-

mary or secondary to another small bowel disease. Lactase

deficient persons who are exposed to lactose may develop lactose

malabsorption, depending on the amount of ingested lactose (94%

agree, 3% disagree)

� “Lactose malabsorption” refers to incomplete absorption of lactose

in the small intestine with the consequence that ingested lactose

reaches the colon. The ingestion of lactose containing food by

people who have primary lactase deficiency is the most common

cause of lactose malabsorption worldwide. Lactose malabsorption

can be diagnosed by breath tests. Lactose malabsorption may

result in symptoms (intolerance) that can be treated by diet and

other means (94% agree, 3% disagree).
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� The term “Carbohydrate malabsorption” may be used for incom-

plete absorption of a poorly digestible carbohydrate in the small

intestine. These carbohydrates include fermentable oligo‐, di‐, and
monosaccharides and polyols and more complex poorly absorbable

carbohydrates like polysaccharides, dietary fibers and starches

(94% agree, 6% disagree)

� “Lactose intolerance” refers to reports of GI symptoms after

ingesting lactose or lactose containing food (88% agree, 3%

disagree).

� The term “Carbohydrate intolerance” may be used for symp-

toms after ingesting other non‐ or poorly absorbed, fermentable

oligo‐, di‐, and monosaccharides (and polyols) and more com-

plex carbohydrates, such as dietary fibers. This includes fruc-

tose, lactulose, inulin, xylitol, and sorbitol. (94% agree, 0%

disagree)

Who benefits from investigation for carbohydrate
malabsorption and intolerance?

In principle, documentation of lactose malabsorption and intolerance

indicates the need for dietary treatment. To avoid unnecessary

dietary restriction and possible negative outcomes, recommendation

of an elimination diet or the use of enzyme supplements (e.g., con-

taining lactase91 or, in the case of fructose intolerance potentially

xylose isomerase52) should be limited to cases in which the rela-

tionship between ingestion of the carbohydrate and development of

symptoms has been documented.

In addition to commonly tested simple carbohydrates, such as

lactose and fructose,92 many other incompletely absorbed, ferment-

able carbohydrates reach the large bowel and can be metabolized by

the colonic microbiome.65,93–95 Indeed, the mechanisms by which

lactose or fructose malabsorption cause intolerance are shared by

many other types of carbohydrate, including FODMAPs,96

starch71,73,97 and non‐starch polysaccharides.98 However, state-

ments with regard to the clinical utility of H2BT with symptom

assessment after sorbitol or lactulose (a representative FODMAP)

were not thought to be supported by enough evidence and did not

reach the level of acceptance in the guideline process.

Statement 2.1

Established indications for carbohydrate breath tests and

symptom assessment include intermittent diarrhea,

abdominal pain, bloating, distension, nausea and flatulence

in patients without evidence of organic disease on appro-

priate investigations and in whom carbohydrate intolerance

is considered a possible or likely cause of symptoms.

Q: A, 91% agree, 0% disagree

Recommendation 2.2

Patients with alarm symptoms and/or signs should be

investigated by biochemical, endoscopic and imaging in-

vestigations prior to performance of breath tests.

Q: B, S: B, 97% agree, 0% disagree

Statement 2.3

Results of H2 breath testing with symptom assessment for

lactose malabsorption and intolerance have acceptable

sensitivity and specificity for a clinically relevant condition

and can direct effective therapy.

Q: B, 84% agree, 0% disagree

How shall the breath test and the intolerance test be
performed?

H2BT was first introduced to identify carbohydrate malabsorption, in

particular to detect lactose malabsorption due to primary lactase

deficiency (lactase non‐persistence). In epidemiological studies, it is

appropriate to use high doses of the test carbohydrate to ensure a high

sensitivity for detection of malabsorption. High doses are also most

likely to cause symptoms if malabsorption is present6,7,10,29,99; how-

ever, the ingestion of 40–50 g lactose is the equivalent of approxi-

mately 1000 ml fresh milk and it is not representative of a normal

dietary intake. Lower doses are considered to be more appropriate in

investigations that aim to detect clinically relevant carbohydrate

intoleranceand to guidedietarymanagement.100Thedoseof substrate

used forH2BTmust produce enoughH2 frombacterial fermentation to

be detected reliably in breath and to trigger symptoms in the large

majority of patients with clinically relevant carbohydrate intolerance;

however, it should not be so large as to exceed the absorptive capacity

and cause symptoms in normal, healthy individuals.68

The sensitivity and specificity of H2BT is related also to the in-

crease in breath H2 concentrations used to define carbohydrate

malabsorption. A diagnostic cut‐off of 20 parts per million (ppm) has

a reported specificity of 100% at a sensitivity of 60% for this purpose,

whereas a cut‐off of 10 ppm has a specificity of 92% and a sensitivity

of 70%.6,41,100 The interval between breath collections and the

overall duration of the H2BT should achieve a balance between

sensitivity for detecting H2 increases and appropriate use of re-

sources in terms of the personnel required to collect breath samples.

It is recommended that for the documentation of carbohydrate

intolerance the increase in abdominal symptoms used to define

intolerance should be assessed, preferably using test‐specific vali-

dated questionnaires for adult20,101 and pediatric18 patients.

It has been proposed that, to detect the amount of a given

substrate that can be tolerated by an individual patient, testing could

be repeated for a range of doses applied in randomized order and

with the patient blinded to the protocol.68 The cost‐utility ratio of the
increased complexity to test procedures must be studied before this

can be recommended for routine clinical practice.

For statements and recommendations specific for the pediatric

patients, please see below.
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Statement 2.4

A watery solution of a defined dose of a carbohydrate is

appropriate for hydrogen breath testing and symptom

assessment.

Q: A, 88% agree, 3% disagree

Recommendation 2.5

The dose of test substance in adults for diagnosis of lactose

malabsorption should be 25–50 g of the disaccharide

lactose.

Q: A, S: B, 93% agree, 3% disagree

Recommendation 2.6

The dose of test substance in adults for diagnosis of lactose

intolerance should be 25 g lactose.

Q: A, S: B, 91% agree, 6% disagree

Recommendation 2.7

The dose of test substance in adults for diagnosis of fruc-

tose malabsorption and intolerance could be 20–25 g of the

monosaccharide fructose.

Q: B, S: C, 94% agree, 0% disagree

Recommendation 2.8

The recommended test duration is 3–5 h, or shorter if

positive diagnosis for malabsorption and intolerance is

confirmed.

Q: A, S: A, 97% agree, 3% disagree

Recommendation 2.9

The standard measurement interval to assess malabsorp-

tion and intolerance is 30 min. Longer intervals up to 60 min

may be adequate to assess malabsorption. Shorter intervals

of 10–15 min may be required to provide evidence of

intolerance (i.e., temporal relation between increase in H2

production and occurrence of symptoms).

Q: A, S: A, 83% agree, 5% disagree

Recommendation 2.10

A H2 cut‐off ≥20 parts per million increase above baseline

at a single time point during the test shall indicate maldi-

gestion or malabsorption.

Q: A, S: A, 94% agree, 0% disagree

Recommendation 2.11

A H2 cut‐off ≥10 parts per million increase above baseline

at a single time point during the test may indicate maldi-

gestion or malabsorption if concurrent with simultaneous

imaging to confirm arrival of substrate in the large bowel.

Q: B, S: D 84% agree, 3% disagree

Statement 2.12

Blinded testing for intolerance is not required in routine

clinical practice.

Q: B, 92% agree, 0% disagree

Recommendation 2.13

Minimum reporting criteria of a breath test used to detect

carbohydrate maldigestion or malabsorption should include

a statement whether there is evidence of (i) maldigestion or

malabsorption and (ii) of intolerance.

Q: A, S: B, 100% agree, 0% disagree

What are the strengths and limitations of breath
tests?

The key limitation of tests that detect the genetic predisposition to

carbohydrate malabsorption (e.g., lactase non‐persistence), the defi-

ciency of certain enzymes required for carbohydrate digestion (e.g.,

endoscopic biopsy for duodenal hypolactasia), or the presence of

specific biomarkers (e.g., gaxilose test102) is that carbohydrate

malabsorption is not in itself pathological or even unusual in normal,

healthy individuals.68 In most cases, carbohydrate malabsorption is

clinically relevant only if it causes abdominal symptoms (intolerance).

A well‐performed H2BT addresses this limitation by detecting

malabsorption (H2 increase above a set diagnostic threshold) and

confirming the temporal relationship between this objective event

and the occurrence of subjective symptoms.13,52,83,91,92,103–105 How-

ever, there is little evidence on test‐retest reliability of H2BT, and

large variations in breath H2 response to fructose have been observed

with repeated testing.106

It should be noted that neurological and other somatic symptoms

(e.g., postprandial fatigue and dizziness) have also been linked to

ingestion of certain carbohydrates.11 However, studies have not

confirmed a temporal association between malabsorption and the

onset of these non‐specific symptoms and the biological mechanism

for any such link remains speculative.

The accuracy of H2BT is limited by certain factors. A false‐positive
H2BT, often characterized by a rapid increase in the concentration of

H2 in the breath, can result from poor oral hygiene, SIBO, or rapid in-

testinal transit.6,21,22 Conversely, a false‐negative H2BT result occurs

in at least 10% of patients because the colonic microbiome does not

produce sufficientH2 that can be detected by current technology.
6,61 If

required, this can be confirmed by a lack of increase in breath H2 in a

lactulose H2BT (lactulose is not digested by the small bowel).61 False

negativesmay also occur ifOCTT is prolonged and the substrate enters

the large bowel after the test is completed, usually after 3 h.61

Certain refinements to the H2BT protocol may improve test

performance. Many of the above listed limitations can be mitigated if

H2BT is combined with an independent measurement of oro‐cecal
transit (e.g., scintigraphy). This methodology increases test sensi-

tivity if low H2 cut‐off values are applied and ensures that potential

false positive and false negative results related to SIBO and/or

variation in OCTT are avoided.21,107 Unfortunately, the addition of

scintigraphy increases the cost of this test and this technology is not

available in office‐based practice.

The measurement of CH4 in addition to H2 appears to improve test

sensitivity in lowH2producers.
10,108However, themethodology and the
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clinical utility of this approach remain controversial. Published research

has not always required a temporal association between the appearance

of CH4 in the breath and the occurrence of symptoms, instead the

presence of CH4 at any stage of the investigation (even at baseline) may

be reported as a “positive test.” TheadditionofCO2monitoring hasbeen

proposed to ensure that an adequate breath sample has been collected.

However in a recent pediatric study, the additionalmeasurement ofCH4

or CO2 did not significantly affect the detection rate of carbohydrate

malabsorption.62 Additionally, measurement of additional gases in-

creases the cost and complexity of the test.109

If the pre‐test probability of carbohydrate malabsorption is high,
then the occurrence of typical symptoms 30–90 min after ingestion

may be sufficient to establish the diagnosis, and H2BT may not need

to be necessary. Conversely, if the pre‐test probability of carbohy-

drate malabsorption is intermediate or low, then the demonstration

of malabsorption by H2BT can help to distinguish between symptoms

caused by fermentation of carbohydrates, as compared to other GI

process (e.g., small bowel distention, intestinal contractions),13 or,

importantly, a nocebo effect (i.e., a negative outcome due to a belief

that the intervention will cause harm).85

Statement 2.14

False negative results for carbohydrate malabsorption by

breath testingmay occur in patients with lowH2 excretion, in

those with slow oro‐cecal transit time in whom carbohydrate

fermentation commences after conclusion of the breath test

and in patients with elevated baseline H2 concentration.

Q: A, 94% agree, 3% disagree

Statement 2.15

False positive results for carbohydrate malabsorption by

breath testing may occur in small intestinal bacterial over-

growth or in rapid oro‐cecal transit time.
Q: A, 94% agree, 3% disagree

Statement Ped. 2.15

Several factors affecting the intestinal microbiota, gut

motility and the individual sensitivity may result in false

positive and false negative results. H2 non‐excretion is re-

ported in up to 10%–15% of pediatric patients.

Q: A, 94% agree, 0% disagree

Statement 2.16

The role of inclusion of CH4 measurement for improving

clinical usefulness of the H2 breath testing for detection of

clinically relevant carbohydrate malabsorption is unclear:

increased sensitivity may be counteracted by decreased

specificity.

Q: B, 84% agree, 5% disagree

Recommendation 2.17

A CH4 cut‐off ≥10 parts per million increase above baseline

may indicate malabsorption.

Q: B, S: D, 87% agree, 0% disagree;

Why shall symptoms be recorded after a
carbohydrate challenge and how shall they be
recorded?

In symptomatic patients referred for the evaluation of the clinical

suspicion of carbohydrate intolerance, an increase of breath H2 after

ingestion of this carbohydrate does not confirm that the patient's

symptoms are caused by malabsorption of the tested carbohy-

drate.82,110,111 Documentation of the relation between carbohydrate

ingestion and the occurrence of symptoms is of importance for

correctly assigning symptoms to the ingestion of the test carbohy-

drate and should be the main indication for treatment aimed at

improving abdominal symptoms. It has been demonstrated both in

adults and in pediatric patients that it is intolerance after a carbo-

hydrate challenge, and not malabsorption, which corresponds to a

history of clinical symptoms, related to carbohydrate intake.82,83,112

It has been shown that patients in whom lactose malabsorption was

diagnosed with 25 g of lactose, had a greater frequency of symptom

resolution on lactose withdrawal as compared to patients in whom

lactose malabsorption was diagnosed after 50 g of lactose.113

In the past, treatment studies for patients with abdominal

symptoms thought to be caused by carbohydrates, have mainly

included patients with documented carbohydrate malabsorption

rather than documented intolerance, which may explain conflicting

results of these treatment studies.114,115 Whereas malabsorption is

not a major determinant for the outcome of the diet,46 the occur-

rence of symptoms during a lactose breath test may suggest a

favorable response to diet.116 It has been suggested that in docu-

mented carbohydrate intolerance, carbohydrate‐reduced products

are advisable and effective, although the evidence is scarce.68,110 This

is most likely due to poor inclusion criteria in treatment studies.

The validity of symptom assessment is important for the diagnosis

and the initiation of therapy but also for the evaluation of the treatment

response.68,117 In order to minimize diagnostic bias, to standardize

symptom assessment and to achieve comparability between studies,

test‐specific symptom questionnaires have been developed for the

assessment of carbohydrate induced symptoms both for the pediatric18

and the adult population.20 The questionnaire for adultswill be available

as a smartphone App under the name “carboception.”101 The pediatric

questionnairewill have to be translated into child‐specific language, and
the translationwill have to be validated in the countrieswhere it shall be

used. Use of these symptom questionnaires has confirmed that only a

proportion of carbohydrate malabsorbers develop symptoms, while on

the other hand, carbohydrate‐induced symptoms can also arise without
detectablemalabsorption both in adults and in children.80,82,118 The fact

that patients with the irritable bowel syndrome (IBS) have lactose

intolerance, but not malabsorption, more often than their non‐IBS
counterparts and that IBS‐patients report more severe symp-

toms,119,120 argues for visceral hypersensitivity to play a role in the

realization of symptoms in carbohydrate malabsorption. Moreover,

other pathogenetic mechanisms might induce symptoms that may be

confused with intolerance symptoms such as in non‐celiac gluten or

wheat sensitivity.121
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Recommendation 2.18

The recording of symptoms manifesting after carbohydrate

ingestion is an integral part of a carbohydrate challenge

test.

Q: C, S: A; 97% agree, 0% disagree

Statement Ped. 2.18

Apart from the determination of malabsorption, the

recording of symptoms manifesting after carbohydrate

ingestion is an integral part of a carbohydrate breath test in

children and adolescents.

Q: C, 95% agree, 0% disagree

Recommendation 2.19

The use of a validated symptom assessment tool is

recommended.

Q: C, S: A; 94% agree, 0% disagree

Recommendation Ped 2.19

Gastrointestinal symptoms that manifest after a carbohy-

drate challenge in children and adolescents should be

assessed with a validated, pediatric‐specific questionnaire.
Q: B, S: B, 90% agree, 0% disagree

Statement 2.19.

The combination of carbohydrate breath tests with symp-

tom assessment allows for the determination of four

different entities after a carbohydrate load: (1) maldigestion

or malabsorption plus symptoms, (2) maldigestion or

malabsorption only, (3) symptoms only, and (4) none of the

above.

Q: B, 93% agree, 0% disagree

Statement 2.20

A positive and long‐lasting response to dietary intervention

may confirm the diagnosis of carbohydrate intolerance.

Q: D, 85% agree, 5% disagree

Statement Ped 2.21

The occurrence of symptoms during the breath test cannot

distinguish primary from secondary carbohydrate malab-

sorption and intolerance.

Q: D, 93% agree, 0% disagree

Which factors are responsible for symptoms after
carbohydrate ingestion?

Carbohydrate malabsorption results in unabsorbed carbohydrates

reaching the lower parts of the small intestine and the colon, which

may result in biological processes that can lead to symptoms of

carbohydrate intolerance.83 Dose dependency of carbohydrate

induced diarrhea has been demonstrated with the use of lactulose, a

non‐absorbable disaccharide.77,78 The colon provides a large volume

capacity and efficiency for bacterial metabolism of unabsorbed

carbohydrates and for absorbing fermentation products. These

colonic properties help to prevent diarrhea due to fecal excretion of

osmotic loads.122–124 This colonic salvage becomes saturated as the

quantity of carbohydrates reaching the colon increases.77,78 Short

chain fatty acids, which are metabolic products of bacterial carbo-

hydrate metabolism, considerably increase colonic transit time,

especially in the left colon, and thereby allow for longer contact

between the malabsorbed carbohydrate and bacterial flora.55 The

colon also has a high capacity to absorb gas, however with increasing

accumulation of colonic gas the efficiency of colonic gas absorption

decreases.33 Colorectal distension by gas remaining in the colon re-

sults in symptoms such as bloating or pain.81

Ingestion of as little as 3 g of lactose has been reported to induce

symptoms in some individuals.104,125,126 However, in controlled and

blinded studies, most persons with lactose malabsorption can

tolerate at least 12 g in the absence of a meal. A pooled analysis of

studies has suggested that incremental doses of lactose increase the

number of individuals who report abdominal symptoms.110 In a

double blind study performed in a Chinese population with primary

lactase deficiency, there was a similar incremental increase in gas

production with the dose of lactose ingested in both healthy controls

and patients with diarrhea‐predominant IBS. The ingestion of 10 g

lactose rarely induced abdominal symptoms in healthy controls, 22%

reported symptoms after the ingestion of 20 g lactose, and this

number increased to 73% after the ingestion of 40 g lactose.120 The

same dose‐dependent increase in symptoms was observed in IBS

patients, although the percentage of patients reporting symptoms

was always higher as compared to non‐IBS controls, especially at low
to moderate doses.120 Thus, the prevalence of lactose intolerance is

higher in IBS than in a healthy control population, even though the

prevalence of lactose malabsorption is comparable,119 indicating that

heightened visceral sensitivity or other factors unrelated to lactose

malabsorption play a role in symptom development after carbohy-

drate ingestion.

The tolerance of lactose in milk may depend on whether milk is

consumed alone or together with other food, and the lactose in milk

may be better tolerated than in aqueous solutions.127 When lactose

malabsorbers ingest lactose with other nutrients, they usually

tolerate the consumption of up to 18 g of lactose without notable

symptoms.128,129 Indeed, consumption of up to 70 g per day of

lactose in divided doses may be tolerated without a change of clinical

symptoms as compared to a low lactose control period.110,130

A minimal dose of fructose that is tolerated by a majority of

consumers has not been evaluated systematically, although doses

below 25 g of fructose have not caused abdominal symptoms in

healthy volunteers, even in verified fructose malabsorbers.131

Statement 2.22

The likelihood of reporting symptoms and the severity of

symptoms in individuals with lactose malabsorption de-

pends on the dose of lactose.
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Q: A, 85% agree, 0% disagree

Statement 2.23

Doses of lactose exceeding 10 g are required to induce

appreciable symptoms (i.e., intolerance).

Q: C, 87% agree, 0% disagree

Statement 2.24

The likelihood of reporting symptoms and the severity of

symptoms depends on the degree of visceral sensitivity.

Q: C, 81% agree, 0% disagree

Statement 2.25

The severity of symptoms depends on whether the carbo-

hydrate is administered in a single or split dose or together

with other nutrients.

Q: C, 81% agree, 0% disagree

Statement 2.26

Abdominal symptoms may arise after carbohydrate inges-

tion without objective evidence of malabsorption on breath

test. This may be due to a false negative malabsorption test

or other mechanisms not related to malabsorption such as a

nocebo‐effect (i.e., patients expectation of symptoms) or

visceral hypersensitivity to distension of the gastrointes-

tinal tract by the test meal (e.g., functional dyspepsia, irri-

table bowel syndrome), food allergy (especially if symptoms

occur after whole milk or other food) or other mechanisms

that have not yet been described. This entity needs further

studies as to its pathogenesis and therapeutic relevance.

Q: B, 85% agree, 0% disagree

Statement Ped. 2.27

In pediatric patients, there is no strong correlation between

symptoms and the activity of lactase.

Q: C, 83% agree, 0% disagree

What is the time course of symptoms of carbohydrate
intolerance?

Symptoms of lactose intolerance are diarrhea, abdominal pain,

bloating, flatulence, vomiting, and nausea.18,19 Various symptoms

arise at different points in time after carbohydrate ingestion, and

the duration of individual symptoms may differ as well.11,82 In

patients with intolerance, symptoms such as pain, bloating, and

flatulence may precede onset of diarrhea by several hours after

carbohydrate ingestion. The majority of intestinal symptoms oc-

curs in the first 4 h after carbohydrate load.132 However,

symptoms may persist and diarrhea may occur after patients

have left the outpatient clinic having resumed their normal daily

activities.

The typical symptoms resulting from carbohydrate malab-

sorption are generally attributed to the consequences of the

carbohydrate reaching the large intestine and its fermentation by

colonic bacteria. However, there is a complex interplay between

products of bacterial carbohydrate metabolism and different

structures and functions of the human GI tract resulting in inter‐
individual differences in symptom development.68 While colonic

events play a major role in symptom generation, some symptoms

develop rapidly after a carbohydrate load before intestinal con-

tents can reach the colon. This may suggest that distension of the

small intestine by fluids133 or a rapid increase in colonic luminal

contents of gas133 contribute to some symptoms after a carbo-

hydrate load.80

Patients who report symptoms within a few minutes (<10 min)

after ingestion of the test carbohydrate are likely to have functional

dyspepsia triggered by gastric distension rather than a specific food

intolerance.134 The possibility of SIBO should also be considered in

subjects with early symptoms.135

Statement 2.28

There is a different time course for each individual symptom

after carbohydrate ingestion.

Q: A, 84% agree, 0% disagree

Recommendation 2.29

Duration of symptom assessment longer than 3–5 h may be

useful, but in that case, the influence of food consumed

during this period should be considered.

Q: C, S: C, 83% agree, 3% disagree

How can lactose malabsorption and intolerance
manifest in children?

As in adults, the amount of lactose that causes symptoms has a high

inter‐individual variability. It depends not only on the degree of

enzyme deficiency, but also on the lactose amount and other com-

ponents of lactose‐containing food, on sensitivity to chemical and

mechanical gut stimulation, on gut motility and on differences in

microbiota.12,18,46,84–87,112,136–144 If symptoms develop in the first

60 min after ingestion of the test carbohydrate, functional dyspepsia

related to visceral sensitivity to gastric distension and psychological

factors should be considered.

The contribution of these factors is difficult to estimate but

together they determine the presence of symptoms after ingestion of

lactose and other carbohydrates.82,114,115 Moreover, particularly in

young infants, confusion may arise between symptoms caused by the

lactose or the protein content of milk. Gastrointestinal symptoms

after milk are mostly non‐IgE mediated (negative allergy tests), and

infant milk formulas used for treatment (hydrolyzed cow's milk for-

mulas or soy formulas) may be lactose free.

A diagnosis of lactose intolerance shall only be considered when

symptoms are documented. In young children, symptom assessment
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may be challenging because of limited verbal communication and the

caregiver's interpretation of symptoms of their children. Language of

the questions should be adapted to be easily understandable for chil-

dren and a Likert‐type face scale should be used, like in the recently

published pediatric Carbohydrate Perception Questionnaire

(pCPQ).18 This questionnaire has been validated inGerman language in

Austria in 215 children and adolescents who underwent a fructose or

lactose H2BT for diagnostic workup of persistent non‐organic
abdominal pain.18 Patients completed the pCPQ with or without

their caregivers' assistance at baseline and every 30 min up to 3 h

during thebreath tests.Noteworthy, in this study a larger proportionof

children had symptoms after lactose ingestion than hadmalabsorption

(46%vs. 32%), while the reversewas true after fructose ingestion (37%

vs. 44%). Overall, 21% of this pediatric population reported symptoms

despite the absence of malabsorption and, conversely, 18% of children

with malabsorption did not report symptoms during the observation

period of 3 h.18 For its use in other languages, and in German language

regions other thanAustria, this questionnairewill have to be translated

and validated using child‐specific terms, which may have regional dif-
ferences even in the same language.

When clinical history reveals a relation between lactose intake

and development of symptoms, preferably by the use of a validated

questionnaire, lactose intolerance may be suspected, and a lactose

free diet can be tried for a period of 2 weeks. If symptoms resolve on

diet and recur at reintroduction of dairy foods, a H2BT may not be

necessary to make the diagnosis. If clinical symptoms are uncertain or

the correlation is unclear, H2BT with symptom measurement is the

least invasive and most reliable test to diagnose lactose malabsorp-

tion and intolerance.18,19,82,86

Statement Ped 2.30

In pediatric patients there is no strong correlation between

symptoms and the activity of lactase.

Q: C, 83% agree, 0% disagree

Recommendation Ped 2.31

H2 breath testing with symptom assessment shall be per-

formed in children with uncertain correlation between food

containing lactose or fructose and gastrointestinal

symptoms.

Q: C, S: A; 90% agree, 0% disagree

Recommendation Ped 2.32

H2 breath testing does not need to be performed in children

with a clear correlation between ingestion of a specific

carbohydrate and gastrointestinal symptoms, as docu-

mented by relief of symptoms when this carbohydrate is

avoided and recurrence of symptoms when the carbohy-

drate is reintroduced in the diet.

Q: C, S: A; 100% agree

How shall the H2BT be performed and interpreted in
children?

The test is commonly performed over a period of 2–3 h in the morning

after overnight fasting, although for the assessment of diarrhea, amore

prolonged recording time of up to 4–6 hmay be needed. If the baseline

value is ≥15 ppm, children are commonly asked to rinse their mouth

with tap water and then repeat the breath sample collection. It has

been suggested, that the H2BT shall only be started if the H2 baseline

value is <15 ppm in order to exclude children with SIBO.35

In pediatric subjects, there is no consensus on the dose of the

carbohydrate used for the test. For the lactose H2BT, the adminis-

tered dose in children varies from 0.5 to 2.0 g/kg lactose dissolved or

suspended in water to obtain a 10%–20% concentration, up to a

maximum of 25–50 g of lactose (corresponding to the lactose content

in 500–1000 ml of cow's milk).18,35,86,136 Fructose and sorbitol H2BT

have been introduced in the last decades but with less clear in-

dications and standardized methodology. For fructose, the dose used

has ranged between 0.5 and 1.0 g/kg in a 10% water solution or

suspension, up to a maximum of 25–50 g; for sorbitol, the dose used

has ranged between 0.2 g/kg in a 10% watery solution with a volume

of 6 ml/kg (maximum volume 300 ml), and a total dose of 5–

10 g.35,82,137 It is recommended not to use fluids other than water for

dissolving or suspending the carbohydrate because this may lead to

symptoms already in the first 30 min.82 Correlation between a his-

tory of symptoms and malabsorption of fructose in children is

poor82,136; hence, the clinical utility of fructose H2BT is still debated.

The identification of fructose intolerance with a validated symptom

questionnaire18,101 may in the future help to identify children who

would benefit from a fructose reduced diet. Another potential ther-

apeutic option, which needs to be studied in more detail in the future,

is the use of a dietary supplement containing D‐xylose isomerase,

which catalyzes the conversion of fructose to glucose145 and has

been shown to decrease breath H2 excretion, nausea, and abdominal

pain in adult patients with malabsorption of fructose during a fruc-

tose H2 breath test.
52 Fructose malabsorption or fructose intolerance

needs to be distinguished from hereditary fructosemia, which is a

genetic metabolic disease resulting from an enzyme defect leading to

hypoglycaemia and symptoms starting in the first months of life as

soon as fructose is introduced into diet.146

Breath samples are commonly collected and analyzed every 15–

30min after ingestion of the test‐carbohydrate. Usually an increase of
H2 concentration of ≥20 ppm over baseline after 60 min is diagnostic

for lactosemalabsorption. It has been suggested, that if the baselineH2

is ≥10 ppm, a two‐fold increase of H2 in three consecutive breath

samples can also be interpreted as a positive lactose H2BT.
136 An early

peak of expired H2 in the first 30 min is suggestive of SIBO. H2 non‐
excretion has been reported in 10%–15% of pediatric patients,86 and

for these patients, assessment of CH4 levels has been proposed, with

an increase of ≥10 ppm being considered as a positive test result.

However, CH4 measurements require more expensive technical

equipment and collection of breath samples may be more complicated
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and therefore not applicable to all pediatric patients,109,147–149 and the

diagnostic gain of additional CH4‐measurement over measurement of
H2 alone in children and adolescents is disputed.

62

Statement Ped. 2.33

There is no consensus on the amount of carbohydrate

intake to be tested in pediatric patients.

Q: C, 89% agree, 5% disagree

Statement Ped. 2.34

For lactose, the dose used for the test in pediatric patients

varies from 0.5 to 2.0 g/kg dissolved in a 10%–20% water

solution, up to a maximum of 25–50 g.

Q: B, 95% agree, 5% disagree

Statement Ped. 2.35

For fructose, the dose used for the test in pediatric patients

ranges between 0.5 and 1.0 g/kg in a 10% water solution, up

to a maximum of 25–50 g.

Q: B, 89% agree, 5% disagree

Recommendation Ped. 2.36

Breath samples should be collected every 30 min after the

carbohydrate ingestion over a period of 3 h.

Q: C, S: B, 96% agree, 0% disagree

Recommendation Ped. 2.37

The methodology, interpretation and clinical utility of

testing for fructose and sorbitol in pediatric patients have

to be clarified and further standardized in future studies.

Q: C, S. A, 94% agree, 0% disagree

SMALL INTESTINAL BACTERIAL OVERGROWTH

Introduction

Small intestinal bacterial overgrowth is a condition in which the small

bowel is colonized by excessive numbers of aerobic and anaerobic

microbes that are normally found in the large intestine.150,151 The

normal balance between bacterial flora and host is maintained by

many factors. The most important control mechanisms are gastric

acid secretion, anatomical integrity of the digestive tract, propulsive

peristaltic activity, IgA secretive immunoglobulins and, to a lesser

extent, other secretions such as saliva, bile and pancreatic juice.

Failure of these mechanisms can be responsible for the development

of intestinal microbial imbalance such as SIBO.6,10,150,151

In many studies, SIBO is defined as the microbiological presence

of at least >105 colony‐forming units per ml of colonic bacteria in

jejunal aspirate. The qualitative microbiological composition of

contaminating flora is important.10 Most reports indicate a predom-

inant role of colonic Gram‐negative anaerobe bacteria in this con-

dition, with the presence of other organisms considered not to have

the same impact on health. The clinical presentation of SIBO is highly

variable. It may be asymptomatic, cause abdominal pain and bloating

indistinguishable from IBS or result in severe symptoms with effects

not only on carbohydrate digestion but also the metabolism of amino

acids and bile acids with impaired uptake of vitamin B12 and other

nutrients.107,150,152–154 In such cases, the use of antibiotics can

improve the digestion and absorption of nutrients and improve

symptoms; however, if the underlying condition that led to coloni-

zation of the small bowel with colonic bacteria is not addressed, then

the problem can recur.21,150,155–159

There is no strong consensus regarding the appropriate perfor-

mance and interpretation of diagnostic tests for SIBO. With regard to

H2BT, the impact of confounding factors such as variability in OCTT

on test results, and uncertainty regarding diagnostic cut‐offs has led
to the absence of a universally accepted definition of SIBO based on

this technology.160

Statement 3.1

Small intestinal bacterial overgrowth is the abnormal pres-

ence of excessive numbers of bacteria in the small intestine.

Q: A, 94% agree, 0% disagree

Statement 3.2

Small intestinal bacterial overgrowth may be more likely to

be clinically relevant if the bacteria in the small bowel are

anaerobes.

Q: B, 81% agree, 3% disagree

Which patients shall be tested for SIBO?

SIBO is characterized by a wide spectrum of clinical manifestations,

ranging from unspecific, “functional” abdominal symptoms (e.g.,

bloating, abdominal discomfort, and flatulence) to less frequent se-

vere generalized malabsorption and nutrient deficiency (diarrhea,

anemia, deficiency of vitamins, and iron, steatorrhea, weight loss).150

Multiple independent risk factors have been identified for SIBO

including: anatomical abnormalities such as small intestinal divertic-

ulosis; postsurgical structural changes such as ileocecal valve resec-

tion, gastric bypass, and Roux‐en‐Y; medications that slow gut

motility such as narcotics, anticholinergics, and anti‐diarrheals; hypo‐
or achlorhydria due to surgery, autoimmune gastritis, or proton pump

inhibitors; and small bowel dysmotility irrespective of the cause (e.g.,

inflammatory bowel disease, celiac disease, radiation enteritis, small

bowel adhesions, and systemic diseases associated with dysmotility

such as scleroderma, diabetes, and amyloidosis). In addition, SIBO has

been associated with multiple conditions including IBS, rosacea,

hepatic encephalopathy, obesity, gastroparesis, Parkinson's disease,

fibromyalgia, chronic pancreatitis, end‐stage renal disease, and in-

flammatory bowel diseases.150,161
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The culture of jejunal aspirate has been considered for long time

the gold standard diagnostic test for SIBO.6 However this approach is

invasive, difficult to perform,162,163 and aspirates from the proximal

jejunum lack sensitivity in all but the most severe cases of bacterial

overgrowth which extend towards the upper parts of the small

bowel.164 H2BT have long been used to detect SIBO based on the

principle that an increase in H2 indicates the contact between car-

bohydrates and bacteria in the GI tract. H2BT has become the most

used test for SIBO in clinical practice10; however, this is largely due

to its ease of use, non‐invasive character and low cost and not based

on evidence from clinical trials.

Statement 3.3

Small intestinal bacterial overgrowth is characterized by a

wide clinical spectrum ranging from mild and unspecific

intestinal symptoms to a severe malabsorption syndrome.

Q: A, 94% agree, 3% disagree

Recommendation 3.4

Until a true gold standard is established, H2 breath testing

can be used for the diagnostic evaluation of small intestinal

bacterial overgrowth.

Q: A, S: B, 80% agree, 3% disagree

Recommendation 3.5

Evaluation of small intestinal bacterial overgrowth with an

H2BT can be considered in the presence of bloating,

abdominal discomfort and flatulence and/or signs of

malabsorption, in the absence of another diagnosis on

endoscopy or imaging, especially if there are underlying

conditions which increase the risk of small intestinal bac-

terial overgrowth (i.e., moderate to high pre‐test
probability).

Q: A, S: B, 85% agree, 3% disagree

Recommendation 3.6

After the basal fasting breath sampling, a standard 15‐min
sampling rate is recommended in clinical studies.

Q: A, S: B, 88% agree, 3% disagree

Recommendation 3.7

A standard 120‐min test duration is recommended in the

investigation of small intestinal bacterial overgrowth by

glucose H2 breath testing.

Q: A S: B 90% agree, 0% disagree

Which test substrate should be used for the diagnosis
of SIBO?

Substrates, which have been used for breath testing for SIBO, include

glucose and lactulose. The dose and the rate of absorption of the

substrate, the rate of gastric and intestinal transit, as well as the

extent of SIBO (if present), will determine where and when contact

between the test carbohydrate and enteric bacteria will take place.

Glucose is rapidly absorbed in the duodenum and jejunum and this

may restrict the sensitivity of the test, with false negative breath

tests occurring with this substrate if the bacteria occupy only the

lower parts of the small intestine which are not reached by the

ingested glucose.164,166 Conversely, false positive results occur in

patients with relatively rapid OCTT in whom glucose may reach the

colon.165,166 Lactulose is not absorbed by the small intestine77 and a

breath test using this substrate will identify contact with bacteria

both in the small bowel and in the colon.33,37,58 Therefore, used in

isolation, only early increases in breath H2 concentration observed

during the lactulose H2BT may be interpreted as being due to bac-

teria in the small bowel, although early increases may also be due to

rapid OCTT.22,167 Overall, specificity is similar with both substrates

(80%–85%), but the glucose H2BT is claimed to have a higher

sensitivity (62% vs. 52%) and diagnostic accuracy (72% vs. 55%) than

lactulose H2BT, especially in non‐surgical patients163,167,168 and if the
conventional double‐peak criterion on lactulose H2BT is used to

diagnose SIBO. For both substrates, the diagnostic accuracy of

breath testing for SIBO can be greatly improved by combining this

technique with an independent assessment of OCTT (e.g.,

scintigraphy).21,22,107,165

Different protocols exist for H2BT in the diagnosis of SIBO, with

doses as high as 100 g.169,170 In the case of glucose, 50 g diluted in

250 ml of water has been commonly used.168 The North American

Consensus has recommended the use of 75 g of glucose,10 but vali-

dation studies have indicated that this large dose is commonly

associated with false positive diagnoses.165

In the case of lactulose, the use of 10–25 g of lactulose has been

suggested without causing an excessive acceleration of OCTT. The

advantage of a higher lactulose dose is an increased sensitivity due to

increased H2 production. Moreover, higher doses provide the op-

portunity to assess a potential carbohydrate intolerance (lactulose is

a representative FODMAP).21,171–173 Concurrent assessment of

breath H2 and symptoms may provide direct evidence that carbo-

hydrate fermentation is associated with patient reports of abdominal

bloating, pain, or diarrhea in IBS patients.172–174

Recommendation 3.8

For the assessment of small intestinal bacterial overgrowth

by H2 breath testing, glucose or lactulose can be used.

Q: B, S: B, 82% agree, 5% disagree

Statement 3.9

H2 breath testing with lactulose or glucose may result in

false‐positive diagnoses of small intestinal bacterial over-

growth caused by rapid transit with early colonic fermen-

tation of the substrate.

Q: A, 94% agree, 0% disagree

Statement 3.10

In the absence of concomitant scintigraphy to assess small
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bowel transit time, glucose should be preferred in non‐
surgical patients because the false positive rate for detec-

tion of small intestinal bacterial overgrowth is lower with

glucose than with lactulose.

Q: B, 83% agree, 0% disagree

Recommendation 3.11

The standard dose of glucose for small intestinal bacterial

overgrowth testing by H2 breath testing shall be 50 g

diluted in 250 ml water.

Q: A, S: B, 83% agree, 0% disagree

Recommendation Ped 3.11

In children the dose of glucose for small intestinal bacterial

overgrowth testing by H2 breath testing shall be 2 g/kg

(maximum 50 g) diluted in 200–250 ml water.

Q: A, 100% agree

Statement 3.12

A commonly used dose of lactulose for small intestinal

bacterial overgrowth testing by H2 breath testing is 10–

20 g diluted in 250 ml water.

Q: A, 90% agree 5% disagree

Recommendation Ped 3.12

In children the dose of lactulose for small intestinal bacte-

rial overgrowth testing by H2 breath testing shall be 10–

20 g diluted in 100–200 ml water.

Q: A, 95% agree, 5% disagree

How shall results of H2BT for SIBO be interpreted?

For both glucose and lactulose H2BTs, SIBO is confirmed if there is a

relevant increase in breath H2 before the test substrate enters the

cecum. In SIBO, glucose usually results in a single “early” peak of H2

excretion. The most used cut‐off value for test positivity is 10–

12 ppm. Conversely, lactulose may result in an early peak with pro-

gressive increase in H2 excretion as the substrate enters the colon or

two distinct H2 peaks: the first “early” peak being linked to the small

intestinal microflora activity and the second “late” peak indicating

colonic bacterial metabolism.175,176

The key limitations of H2BT for diagnosis of SIBO are the high

variability in OCTT in health and disease21,22,177 resulting in a high

rate of false‐positive diagnoses of SIBO by lactulose breath test21,22

and glucose breath test,165 and the variations in breath H2 response

to lactulose with repeated testing.106 In particular, rapid small bowel

transit is common in IBS and this confounds SIBO diagnosis when

based on an early rise in breath H2 during lactulose breath testing.

Combination of H2BT with an independent measurement of OCTT

(usually scintigraphy) has been proposed to increase the specificity of

SIBO diagnosis.22,178–181 A low H2 cut‐off value of 5 ppm may in-

crease sensitivity without sacrificing specificity when performed us-

ing the combined lactulose breath test/scintigraphy technique.21

The guideline refrains from requesting the routine use of scin-

tigraphy in combination with breath tests, because scintigraphy has a

limited availability. If a breath test with concurrent scintigraphy is not

available, then two options remain: (1) Interpretation of results

considering pre‐test probability of SIBO and (2) Serial tests, with the

H2BT being followed by a transit test with scintigraphy to distinguish

SIBO from rapid transit. The use of serial tests may be less ideal

because of relatively high day‐to‐day variation in OCTT.

The measurement of CH4 excretion may improve test perfor-

mance in H2BTs performed to detect SIBO. Patients with CH4‐pre-
dominant bacterial overgrowth may have increased prevalence of

abdominal bloating and abdominal distension with constipation.

Further, the severity of constipation may correlate with CH4

excretion.6,10,150,151,161,163,182

Statement 3.13

The diagnostic criteria for diagnosis of small intestinal

bacterial overgrowth using breath testing have not been

confirmed and uniformly accepted, and the clinical rele-

vance of a positive result needs to be considered in the light

of the pre‐test probability of small intestinal bacterial

overgrowth in the individual patient.

Q: A, 91% agree; 0% disagree

Statement 3.14

The use of H2 breath testing for diagnosis of small intestinal

bacterial overgrowth is non‐invasive, safe and inexpensive;

however, the interpretation of results is limited by impor-

tant confounding factors, in particular the variability of oro‐
cecal transit time.

Q: A, 100% agree, 0% disagree

Statement 3.15

The risk of a false positive or false negative breath test for

small intestinal bacterial overgrowth can be reduced by

combining the breath test with an independent measure-

ment of oro‐cecal transit time, for example scintigraphy.

Q: A, 91% agree, 3% disagree

ORO‐CECAL TRANSIT TIME

Introduction

The OCTT reflects the sum of esophageal, gastric, and small bowel

transit.183 The time between the ingestion of an unabsorbable

fermentable carbohydrate and the start of a quantifiable rise of H2

concentration in end‐expiratory breath, can be used to estimate

OCTT, assuming that the bacterial metabolism of the ingested test

carbohydrate happens in the colon and that there are no relevant

numbers of bacteria in the small bowel (SIBO). Several technical
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factors, such as the consistency and type of test food, or type and

dose of the test substrate, may affect the expected normal range and

the reproducibility of H2BT for OCTT. The H2BT does not generate a

measure of OCTT in “low H2 producers” or “H2 non‐excretors.”1

Measurement of OCTT with unabsorbable carbohydrates, such as

lactulose or inulin, is well tolerated and safe. Colonic fermentation of

carbohydrates can induce the perception of bloating and abdominal

distension, which is dose‐dependent and usually of mild intensity.184

A range of methodologies have been applied for OCTT measurement

by H2BT. Since there are no comparative studies of these different

approaches, the guideline team decided to refrain from making spe-

cific recommendations for this section of the guideline and, instead,

to summarize the current approaches in statements.

What is the background of using H2BT for measuring
OCTT?

The measurement of OCTT with H2BT is supported by evidence of

significant correlation between the transit times measured with

this technique, commonly using lactulose as the non‐absorbable
fermentable carbohydrate, with transit times measured by barium

meal,185 scintigraphy21,22,179 or magnetic resonance imaging.186

Results of H2BT for measuring OCTT of a caloric meal with added

inulin as a fermentable carbohydrate, or of a mixed meal containing

baked beans coincide with the transit time measured with lactose
13C‐ureide breath test187,188 or with the arrival of radioactive marker
in the cecum.189

Fast OCTT has been reported in patients with IBS with

diarrhea,22,190 partial gastrectomy,191 postvagotomy diarrhea,192 and

hyperthyroidism.193–195 Delayed OCTT has been reported in patients

with depression,196 constipation,197 IBS with constipation,22 acrome-

galia,198 diabetes,199 pregnancy,200 cholecystectomy,201 obesity,202

cirrhosis,203 scleroderma,204 and gallstones before and after chole-

cystectomy.205 Accelerated OCTT has been shown with various

medications including misoprostol,206 erythromycin,207 metoclopra-

mide,208 paroxetine,209 cisapride,210 and prucalopride,211 and OCTT

may be delayed by loperamide,212,213 ritodrine,214 dopamine,215

peppermint oil,210 imipramine,209 and n‐butylscopolamine.210

Although alterations in OCTT have been demonstrated in a wide

variety of conditions, no routine clinical indications for measuring

OCTT have been identified,216 and therefore this method is applied

only to address specific clinical issues such as exclusion of general-

ized motility disorders in patients under consideration for subtotal

colectomy in the management of treatment refractory constipation.

Otherwise, this technique is generally restricted in use to addressing

scientific questions.

Statement 4.1

The time between the ingestion of an unabsorbable

fermentable organic compound and the start of colonic

fermentation, revealed by a quantifiable rise of H2 con-

centration in the expiratory breath, can be used to estimate

oro‐cecal transit time.
Q: A, 92% agree, 0% disagree.

Statement 4.2

Measurement of oro‐cecal transit time with H2 breath

testing is a widely available, non‐invasive, and safe tech-

nique, not associated with radiation exposure.

Q: A, 100% agree

Recommendation 4.3

H2 breath testing may be used to demonstrate the effect of

a pharmacological intervention on gastrointestinal transit.

Q: A, S: B, 85% agree, 0% disagree

Statement 4.4

Measurement of oro‐cecal transit time by H2 breath testing

has not yet found a clear indication in clinical practice.

Q.A, 92% agree, 0% disagree

Which test meals and fermentable substrates shall be
used for OCTT?

Solid and liquid meals with added fermentable unabsorbable carbo-

hydrates have been used to assess OCTT by H2BT. Expected normal

ranges of OCTT are influenced by composition and consistency of the

test meal217 and the composition and dose of the unabsorbable

carbohydrate. Solid meals have a longer OCTT and a better repro-

ducibility as compared to liquid meals.189,218–220

The most frequently used fermentable unabsorbable carbohy-

drate is lactulose. Commonly, a small dose (10 g) is used in adults,

although also larger doses of up to 30 g have been used.218,221 Higher

doses of lactulose result in more pronounced increases of H2 con-

centration in breath58 and therefore may increase sensitivity of the

H2BT
179,218; however, lactulose dose‐dependently accelerates small

bowel transit time187 and increases variability of OCTT. There may

be less variability of OCTT with liquid meals.218 As an alternative to

osmotically active lactulose77 and its effects on transit,55,179 inulin

has been used as a fermentable substrate for OCTT. In a study in

which 5 g of inulin was added to a 330 Kcal solid food pancakes

meal187 or to a 400 ml liquid enteral standard nutrition188 inulin had

no influence on transit, whereas lactulose significantly shortened

OCTT.187

The start and the interval of breath collections has to take into

account that very short OCTT (<15 min) has been demonstrated by

scintigraphy in IBS,22,165 suggesting that short time intervals be-

tween breath samples (<15 min) are needed in selected patients (i.e.,

IBS with diarrhea), especially at the beginning of the study. Scinti-

graphic studies have also demonstrated, that liquid meals containing

lactulose or glucose can reach the colon in considerably less than

90 min in patients with rapid OCTT.22,165,166
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Statement 4.5

There is no uniformly accepted protocol for using H2 breath

testing for measurement of oro‐cecal transit time.
Q: B, 95% agree, 3% disagree

Statement 4.6

Several liquid and solid substrates have been used in the

assessment of oro‐cecal transit time. The substrates often

used are (1) the non‐absorbable sugar lactulose diluted in

water or added to a liquid meal and (2) the polysaccharide

inulin added to a solid meal.

Q: A, 98% agree, 0% disagree

Statement 4.7

A dose of 10–20 g of lactulose in 100 ml of water has been

used to measure oro‐cecal transit time of a liquid meal.

Transit time shortens with increasing doses of lactulose.

Q: A, 95% agree; 0% disagree

Statement Ped. 4.7

In pediatric patients 10 g lactulose has been used to mea-

sure oro‐cecal transit time in volumes of intake ranging

from 20 ml of a 50% solution to 100 ml of a 10% solution.

Q: C, 94% agree, 0% disagree

Statement 4.8

A dose of 5 g of inulin in a defined caloric meal has been

used to measure oro‐cecal transit time of a solid meal.

Q: A, 86% agree, 3% disagree

Recommendation 4.9

End‐expiratory breath samples should be collected at

baseline and thereafter at every 10–15 min at least for

240 min after ingestion of the unabsorbable fermentable

organic compound, or until the increase in breath hydrogen

has occurred.

Q: A, S: B; 92% agree, 0% disagree

How shall results of OCTT be interpreted?

Increments of 3, 5, or 10 ppm of H2 above baseline have been used to

indicate arrival of the substrate in the cecum. The OCTT lengthens as

cut‐off values of H2 concentration above baseline are increased.185

Early H2‐peaks, which may be wrongly interpreted as rapid OCTT,222

maybedue to the fermentationbybacteria in themouth,48 emptyingof

ileal residues from a previous meal into the colon222 or by SIBO.10,223

Carehas tobeobserved in interpreting resultsofH2BTbecauseof large

variations in breath H2 response to lactulose with repeated testing.
106

The simultaneous assessment of OCTT with a scintigraphic

technique is useful to distinguish early peaks of H2 due to fast OCTT

from peaks due to SIBO.21,22 However, the guideline refrains from

requesting the routine use of scintigraphy in combination with breath

tests, because scintigraphy has a limited availability.

Statement 4.10

Increments of at least 3, 5 or 10 ppm of hydrogen above

baseline (mean of two pre‐meal samples) maintained or

increased in the two following determinations have been

used todefine theoro‐cecal transit time. Theoro‐cecal transit
time lengthens as the chosen cut‐off value of H2 increases.

Q: A, 85% agree, 0% disagree

Statement 4.11

The oro‐cecal transit time in adult healthy subjects depends
on the test substance, its dose and the type of the meal.

Transit times between 40 and 170 min have been described

for a lactulose liquid non‐caloric meal and between 420 and

570 min for inulin added to a caloric meal.

Q: B, 95% agree, 3% disagree

Statement Ped. 4.11

In healthy children the oro‐cecal transit time ranges be-

tween 30 and 120 min for a lactulose breath test.

Q: C, 94% agree,0% disagree

CONCLUSIONS AND FUTURE PERSPECTIVES

This consensus‐based clinical practice guideline aims to assist phy-

sicians and provide them with the information required to deliver

high quality care for patients with suspected carbohydrate malab-

sorption, carbohydrate intolerance, SIBO, or suspicion of altered

OCTT. In a consensus process in which representatives from all

regions of Europe and specialists representing European scientific

societies participated, the available evidence was evaluated, taking

account of local facilities, diverse clinical practice, and health care

environments. Patient involvement was not covered in our guideline

because of its focus on diagnostic recommendations.

We have previously described the structured procedure which

we have developed to organize this multinational guideline.23 A

balance between the weight of evidence, the expertise of leading

scientists, and the results of the Delphi voting process representing

the opinions of experienced physicians working in different European

regions and in a wide range of clinical circumstances was found.

Consensus was achieved, by acknowledging majority positions, which

were not always evidence‐based, and by formulating statements and

recommendations that acknowledged the absence of evidence but

provided clear guidance based on clinical experience. Regarding some

applications of breath testing, it can be argued that the evidence base

is scarce and contradictory so that this specific test should not be

performed at all. However, some methods and some tests are so well

established in clinical practice that these techniques should not be

excluded from a consensus clinical guideline. We consider that this

approach is justified if it helps to ensure that the guideline will be

widely adopted and that tests will be performed, analyzed, and

interpreted to consistent standards.
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The guideline identifies areas in which further research is

needed and sets the agenda for research in diagnosis and treatment

of carbohydrate intolerances, in SIBO, and in OCTT. The clear

definition of terms and the new focus on validated symptom

assessment to detect carbohydrate intolerances18,20,101 should in

the future allow more focused clinical research in the detection and

treatment of specific intolerances in diseases such as IBS, in which

many of the documented trigger foods contain large quantities of

simple or complex carbohydrates.224 Therapeutic trials focusing on

patients with documented carbohydrate intolerance, rather than

carbohydrate malabsorption, may help to improve knowledge about

the rational use of treatment options like diets or

drugs.52,91,96,173,225–229 Future studies should also address whether

in diseases such as IBS the detection and treatment of specific

carbohydrate intolerances (“precision knife approach”) will improve

the patients' quality of life, costs of living, long‐term safety, and

health outcomes as compared to empirical and less specific dietary

advice (“shot gun approach”).96,115,230 In the face of criticism of the

clinical relevance of H2BT in the past,100 future studies will have to

show to which extent validated symptom measurement for the

diagnosis and clinical follow‐up of carbohydrate intolerances18,20,101

will find a place as an adjunct or may even become a replacement

of H2BT.

For the use of H2BT in the diagnosis of SIBO, future studies may

focus on better defining the role of different substrates used for the

test, on diagnostic criteria, on a combination of breath tests with in-

dependent measurement of OCTT and on the comparison of H2BT

with the new and developing methods of microbiological analysis of

intestinal contents. Given the limitations of H2BT, it is hoped that new

technology may improve the diagnosis of SIBO. Recently, a wireless

gas sensing capsule has been described that greatly increases sensi-

tivity and signal‐to‐noise ratio in measuring luminal H2 concentrations

and may provide concurrent information on the site of intestinal gas

production. If confirmed, this device has potential for improving

diagnostic precision for disorders such as SIBO.231,232 At the same

time, the introduction of advanced molecular techniques has opened

new clinical scenarios for gut microbiota involvement that go beyond

the confine of a classical malabsorption syndrome and may allow cli-

nicians to dissect the contribution of intestinal bacteria to different

clinical manifestations.150 For the use of breath tests in OCTT,

agreement on more uniformly accepted test protocols, including

agreement on test carbohydrates, test meals and test protocol, is

needed.

After publication of the guideline, a qualitative and quantitative

assessment of guideline adoption into clinical practice is planned,

including patient and public involvement. Moreover, new recom-

mendations in the guideline, such as the use of validated symptom

assessment to diagnose carbohydrate intolerance, and introduction

of new methodology to diagnose SIBO, should be evaluated not only

with regard to their acceptance by patients and medical practitioners

but also to assess the cost‐benefit and utility of these approaches in

clinical practice.
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