Sample Letter of Medical Necessity



[bookmark: Insurer]Insurer
(Address)


Re: (Patient’s name)
Date of Birth:
[bookmark: Dear_(Insurer’s_Contact’s_Name_and_Title]Policy Number: (Patient’s ID number)
Dear (Insurer’s Contact’s Name and Title):

I am writing to request prior authorization to initiate (type of therapy) for (Patient’s name). This letter provides evidence that the (type of therapy) is medically necessary for (his/her) care and that it is an accepted treatment for (disease). The following sections provide detailed information about the patient’s medical history, a description of the treatment, and the reasons for using (type of therapy) in this case .
[bookmark: Patient_History_and_Diagnosis]Patient History and Diagnosis
[bookmark: PATIENT_PACKAGE_INSERT][bookmark: INFORMATION_FOR_PATIENTS]On (date), I diagnosed (patient name) with (disease) (Include complete information on diagnosis and methods used in determination of diagnosis).
(List previous therapies which have been tried and failed. When citing therapies that failed, please indicate what factors led to the discontinuation of therapy ,e.g. nausea and vomiting, etc. Enclose copies of laboratory studies or x-ray studies where appropriate).
Treatment Description and Rationale
[bookmark: _Hlk4579897](Type of Therapy) has been accepted as medically reasonable therapy for the treatment of (disease).  Please see Attachments 1 and 2. I have enclosed clinical literature documenting the effectiveness of (type of therapy) when used to treat (disease). Please see Attachment 3.
[bookmark: _GoBack]I have chosen to treat (patient’s name) with (type of therapy) based on the history previously stated, and because it is an accepted medical treatment for (disease). I believe the patient’s prognosis without (type of therapy) is 	. However, with (type of therapy), the prognosis is
[bookmark: ._In_summary,_I_believe_that_(type_of_th] 	. In summary, I believe that (type of therapy) is medically necessary in this case, and, therefore, it should be covered and/or reimbursed. Please feel free to contact me if you require additional information.

Sincerely,
(Physician’s name)
*Do not submit the sample letters verbatim. The sample letters are intended to be a guide only. Letters should be drafted using your own words. Be specific and thorough with patient data, treatment rationale and expected outcomes. Attach as much supporting documentation as possible and reference it in the body of the letter.

 (
ATTACHMENT 1
)

Sucraid® (sacrosidase) Oral Solution:
DESCRIPTION
Sucraid® (sacrosidase) Oral Solution is an enzyme replacement therapy for the treatment of genetically determined sucrase deficiency, which is part of con- genital sucrase-isomaltase deficiency (CSID).
CHEMISTRY
Sucraid is a pale yellow to colorless, clear solution with a pleasant sweet taste. Each milliliter (mL) of Sucraid contains 8,500 International Units (I.U.) of the enzyme sacrosidase, the active ingredient. The chemical name of this enzyme is ß,D-fructofuranoside fructohydrolase. The enzyme is derived from baker’s yeast (Saccharomyces cerevisiae).
It has been reported that the primary amino acid struc- ture of this protein consists of 513 amino acids with an apparent molecular weight of 100,000 g/mole for the glycosylated monomer (range 66,000-116,000 g/mole). Reports also suggest that the protein exists in solution as a monomer, dimer, tetramer, and octomer ranging from 100,000 g/mole to 800,000 g/mole. It has an iso- electric point (pI) of 4.5.
Sucraid may contain small amounts of papain. Papain is known to cause allergic reactions in some people. Papain is a protein-cleaving enzyme that is introduced in the manufacturing process to digest the cell wall of the yeast and may not be completely removed during subsequent process steps.
Sucraid contains sacrosidase in a vehicle comprised of glycerol (50% wt/wt), water, and citric acid to maintain the pH at 4.0 to 4.7. Glycerol (glycerin) in the amount consumed in the recommended doses of Sucraid has no expected toxicity.
This enzyme preparation is fully soluble with water, milk, and infant formula. DO NOT HEAT SOLUTIONS CONTAINING SUCRAID. Do not put Sucraid in warm or hot liquids.
CLINICAL PHARMACOLOGY
Congenital sucrase-isomaltase deficiency (CSID) is a chronic, autosomal recessive, inherited, phenotypically heterogeneous disease with very variable enzyme activity. CSID is usually characterized by a complete or almost complete lack of endogenous sucrase activity, a very marked reduction in isomaltase activity, a moderate decrease in maltase activity, and normal lactase levels.
Sucrase is naturally produced in the brush border of the small intestine, primarily the distal duodenum and jejunum. Sucrase hydrolyzes the disaccharide sucrose into its component monosaccharides, glucose and fructose. Isomaltase breaks down disaccharides from starch into simple sugars. Sucraid does not contain isomaltase.
In the absence of endogenous human sucrase, as in CSID, sucrose is not metabolized. Unhydrolyzed sucrose and starch are not absorbed from the intestine and their presence in the intestinal lumen may lead to osmotic retention of water. This may result in loose stools.
Unabsorbed sucrose in the colon is fermented by bac- terial flora to produce increased amounts of hydrogen, methane, and water. As a consequence, excessive gas, bloating, abdominal cramps, nausea, and vomiting may occur.
Chronic malabsorption of disaccharides may result in malnutrition. Undiagnosed/untreated CSID patients often fail to thrive and fall behind in their expected growth and development curves. Previously, the treat- ment of CSID has required the continual use of a strict sucrose-free diet.
CSID is often difficult to diagnose. Approximately 4% to 10% of pediatric patients with chronic diarrhea of unknown origin have CSID. Measurement of expired breath hydrogen under controlled conditions following


a sucrose challenge (a measurement of excess hydro- gen excreted in exhalation) in CSID patients has shown levels as great as 6 times that in normal subjects.
A generally accepted clinical definition of CSID is a con- dition characterized by the following: stool pH < 6, an increase in breath hydrogen of > 10 ppm when chal- lenged with sucrose after fasting and a negative lactose breath test. However, because of the difficulties in diag- nosing CSID, it may be warranted to conduct a short therapeutic trial (e.g., one week) to assess response in patients suspected of having CSID.
CLINICAL STUDIES
A two-phase (dose response preceded by a breath hydrogen phase) double-blind, multi-site, crossover trial was conducted in 28 patients (aged 4 months to
11.5 years) with confirmed CSID. During the dose response phase, the patients were challenged with an ordinary sucrose-containing diet while receiving each of four doses of sacrosidase: full strength (9000 I.U./mL) and three dilutions (1:10 [900 I.U./mL], 1:100 [90 I.U./mL], and 1:1000 [9 I.U./mL]) in random order for a period of 10 days. Patients who weighed no more than 15 kg received 1 mL per meal; those weighing more than 15 kg received 2 mL per meal. The dose did not vary with age or sucrose intake. A dose-response relationship was shown between the two higher and the two lower doses. The two higher doses of sacrosidase were associated with significantly fewer total stools and higher proportions of patients having lower total symptom scores, the primary efficacy end-points. In addition, higher doses of sacrosidase were associated with a significantly greater number of hard and formed stools as well as with fewer watery and soft stools, the secondary efficacy end-points.
Analysis of the overall symptomatic response as a function of age indicated that in CSID patients up to 3 years of age, 86% became asymptomatic. In patients over 3 years of age, 77% became asymptomatic. Thus, the therapeutic response did not differ significantly according to age.
A second study of similar design and execution as the first used 4 different dilutions of sacrosidase: 1:100 (90
I.U./mL), 1:1000 (9 I.U./mL), 1:10,000 (0.9 I.U./mL),
and 1:100,000 (0.09 I.U./mL). There were inconsistent results with regards to the primary efficacy parameters.
In both trials, however, patients showed a marked decrease in breath hydrogen output when they received sacrosidase in comparison to placebo.
INDICATIONS AND USAGE
Sucraid® (sacrosidase) Oral Solution is indicated as oral replacement therapy of the genetically determined sucrase deficiency, which is part of congenital sucrase- isomaltase deficiency (CSID).
CONTRAINDICATIONS
Patients known to be hypersensitive to yeast, yeast products, glycerin (glycerol), or papain.
WARNINGS
Severe wheezing, 90 minutes after a second dose of sacrosidase, necessitated admission into the ICU for a 4-year-old boy. The wheezing was probably caused by sacrosidase. He had asthma and was being treated with steroids. A skin test for sacrosidase was positive.
Other serious events have not been linked to Sucraid.
PRECAUTIONS
Care should be taken to administer initial doses of Sucraid near (within a few minutes of travel) a facility where acute hypersensitivity reactions can be ade- quately treated. Alternatively, the patient may be tested for hypersensitivity to Sucraid through skin abrasion testing. Should symptoms of hypersensitivity appear, discontinue medication and initiate symptomatic and supportive therapy.
Skin testing as a rechallenge has been used to verify hypersensitivity in one asthmatic child who displayed

PATIENT PACKAGE INSERT
INFORMATION FOR PATIENTS
Sucraid® (sacrosidase) Oral Solution
Please read this leaflet carefully before you take Sucraid® (sacrosidase) Oral Solution or give Sucraid to a child. Please do not throw away this leaflet. You may need to read it again at a later date. This leaflet does not contain all the information on Sucraid. For further information or advice, ask your doctor or pharmacist.
BEFORE TAKING SUCRAID
WARNING: Sucraid may cause a serious allergic reaction. If you notice any swelling or have difficulty breathing, get emergency help right away. Before taking your first and second doses, be sure that there are health professionals nearby (within a few minutes of travel) just in case there is an allergic reaction.
INFORMATION ABOUT YOUR MEDICINE
The name of your medicine is Sucraid® (sacrosidase) Oral Solution. It can be obtained only with a prescription from your doctor.
The purpose of your medicine:
Sucraid is an enzyme replacement therapy for the treatment of the genetically determined sucrase deficiency, which is part of congenital sucrase-isomaltase deficiency (CSID). CSID is a condition where your body lacks the enzymes needed to break down and absorb sucrose (table sugar) and other sugars from starch.
The symptoms of CSID often include frequent watery diar- rhea, abdominal pain, bloating, and gas. In many cases, the symptoms of CSID are similar to other medical problems. Only your doctor can make a definite diagnosis of CSID.

Sucraid can help improve the breakdown and absorption of sucrose (table sugar) from the intestine and can help relieve the gastrointestinal symptoms of CSID.
Sucraid does not break down some sugars resulting from the digestion of starch. Therefore, you may need to restrict the amount of starch in your diet. Your doctor will tell you if you should restrict the amount of starch in your diet.
Discuss the following important information with your doctor before you begin to take Sucraid:
Tell your doctor if you are allergic to, have ever had a reaction to, or have ever had difficulty taking yeast, yeast products, papain, or glycerin (glycerol).
Tell your doctor if you have diabetes. With Sucraid, sucrose (table sugar) can be absorbed from your diet and your blood glucose levels may change. Your doctor will tell you if your diet or diabetes medicines need to be changed.
Side effects to watch for:
Some patients may have worse abdominal pain, vomiting, nausea, or diarrhea. Constipation, difficulty sleeping, headache, nervousness, and dehydration have also occurred. Other side effects may also occur. If you notice these or any other side effects during treatment with Sucraid, check with your doctor.
Stop taking Sucraid and get emergency help immediately if any of the following side effects occur: difficulty breathing, wheezing, or swelling of the face.
How to take your medicine:
Each bottle of Sucraid is supplied with a plastic screw cap which covers a dropper dispensing tip. Remove the outer cap and measure out the required dose. Reseal the bottle after each use by replacing and twisting the cap until tight.



Write down the date the sealed bottle is first opened in the space provided on the bottle label. Always throw away the bottle four weeks after first opening it because Sucraid con- tains no preservatives. For the same reason, you should rinse the measuring scoop with water after each time you finish using it.
To get the full benefits of this medicine, it is very important to take Sucraid as your doctor has prescribed. The usual dosage is 1 to 2 milliliters (mL) with each meal or snack: 1mL = 1 full measuring scoop (28 drops from the bottle tip) and 2 mL = 2 full measuring scoops (56 drops from the bot- tle tip).
Measure your dose with the measuring scoop provided (see Figure 1). Do not use a kitchen teaspoon or other measur- ing device since it will not measure an accurate dose.
Figure 1. Measure dose with measuring scoop.

[image: ]
Mix your dose in 2 to 4 ounces of water, milk, or infant for- mula (see Figure 2). Sucraid should not be dissolved in or taken with fruit juice.
NEVER HEAT SUCRAID OR PUT IT IN WARM OR HOT BEV-
ERAGES OR INFANT FORMULA. Heating Sucraid causes it to lose its effectiveness. The beverage or infant formula should be taken cold or at room temperature.

Figure 2. Mix dose in beverage or infant formula.

[image: ]
It is recommended that approximately half of your dosage be taken at the beginning of each meal or snack and the remainder of your dosage be taken during the meal or snack.
Storing your medicine:
Sucraid is available in 4 fluid ounce (118 mL) see-through plastic bottles, packaged two bottles per box. A 1 mL meas- uring scoop is provided with each bottle. Always store Sucraid in a refrigerator at 36°F - 46°F (2°C - 8°C). Protect Sucraid from heat and light.
If your bottle of Sucraid has expired (the expiration date is printed on the bottle label), throw it away.
Keep this medicine in a safe place in your refrigerator where children cannot reach it.
QOL Medical, LLC Vero Beach, FL 32963
www.sucraid.net
For questions call 1-866-469-3773
Rev 09/18
Part No. 0110


wheezing after oral sacrosidase.
GENERAL
Although Sucraid provides replacement therapy for the deficient sucrase, it does not provide specific replace- ment therapy for the deficient isomaltase. Therefore, restricting starch in the diet may still be necessary to reduce symptoms as much as possible. The need for dietary starch restriction for patients using Sucraid should be evaluated in each patient.
It may sometimes be clinically inappropriate, difficult, or inconvenient to perform a small bowel biopsy or breath hydrogen test to make a definitive diagnosis of CSID. If the diagnosis is in doubt, it may be warranted to conduct a short therapeutic trial (e.g., one week) with Sucraid to assess response in a patient suspected of sucrase deficiency.
The effects of Sucraid have not been evaluated in patients with secondary (acquired) disaccharidase defi- ciencies.
INFORMATION FOR PATIENTS
See Patient Package Insert. Patients should be instruct- ed to discard bottles of Sucraid 4 weeks after opening due to the potential for bacterial growth. For the same reason, patients should be advised to rinse the meas- uring scoop with water after each use.
Sucraid is fully soluble with water, milk, and infant for- mula, but it is important to note that this product is sensitive to heat. Sucraid should not be reconstituted or consumed with fruit juice, since its acidity may reduce the enzyme activity.
USE IN DIABETICS
The use of Sucraid will enable the products of sucrose hydrolysis, glucose and fructose, to be absorbed. This fact must be carefully considered in planning the diet of diabetic CSID patients using Sucraid.
LABORATORY TESTS
The definitive test for diagnosis of CSID is the meas- urement of intestinal disaccharidases following small bowel biopsy.
Other tests used alone may be inaccurate: for example, the breath hydrogen test (high incidence of false nega- tives) or oral sucrose tolerance test (high incidence of false positives). Differential urinary disaccharide test- ing has been reported to show good agreement with small intestinal biopsy for diagnosis of CSID.
DRUG INTERACTIONS
Neither drug-drug nor drug-food interactions are expected or have been reported with the use of Sucraid. However, Sucraid should not be reconstituted or con- sumed with fruit juice, since its acidity may reduce the enzyme activity.
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY
Long-term studies in animals with Sucraid have not been performed to evaluate the carcinogenic potential. Studies to evaluate the effect of Sucraid on fertility or its mutagenic potential have not been performed.
PREGNANCY
Teratogenic effects. Pregnancy Category C. Animal reproduction studies have not been conducted with Sucraid. Sucraid is not expected to cause fetal harm when administered to a pregnant woman or to affect reproductive capacity. Sucraid should be given to a pregnant woman only if clearly needed.
NURSING MOTHERS
The Sucraid enzyme is broken down in the stomach and intestines, and the component amino acids and peptides are then absorbed as nutrients.
PEDIATRIC USE
Sucraid has been used in patients as young as 5 months of age. Evidence in one controlled trial in pri- marily pediatric patients shows that Sucraid is safe and


effective for the treatment of the genetically acquired sucrase deficiency, which is part of CSID.
ADVERSE REACTIONS
Adverse experiences with Sucraid in clinical trials were generally minor and were frequently associated with the underlying disease.
In clinical studies of up to 54 months duration, physi- cians treated a total of 52 patients with Sucraid. The adverse experiences and respective number of patients reporting each event (in parenthesis) were as follows: abdominal pain (4), vomiting (3), nausea (2), diarrhea
(2), constipation (2), insomnia (1), headache (1), nervousness (1), and dehydration (1).
Note: diarrhea and abdominal pain can be a part of the clinical presentation of the genetically determined sucrase deficiency, which is part of congenital sucrase-isomaltase deficiency (CSID).
One asthmatic child experienced a serious hypersensi- tivity reaction (wheezing) probably related to sacrosi- dase (see Warnings). The event resulted in withdrawal of the patient from the trial but resolved with no sequelae.
OVERDOSAGE
Overdosage with Sucraid has not been reported.
DOSAGE AND ADMINISTRATION
The recommended dosage is 1 or 2 mL (8,500 to 17,000 I.U.) or 1 or 2 full measuring scoops (each full measuring scoop equals 1 mL; 28 drops from the Sucraid container tip equals 1 mL) taken orally with each meal or snack diluted with 2 to 4 ounces (60 to 120 mL) of water, milk, or infant formula. The beverage or infant formula should be served cold or at room temperature. The beverage or infant formula should not be warmed or heated before or after addition of Sucraid because heating is likely to decrease potency. Sucraid should not be reconstituted or consumed with fruit juice since its acidity may reduce the enzyme activ- ity.
It is recommended that approximately half of the dosage be taken at the beginning of the meal or snack and the remainder be taken during the meal or snack.
The recommended dosage is as follows:
1 mL (8,500 I.U.) (one full measuring scoop or 28 drops) per meal or snack for patients up to 15 kg in body weight.
2 mL (17,000 I.U.) (two full measuring scoops or 56 drops) per meal or snack for patients over 15 kg in body weight.
Dosage may be measured with the 1 mL measuring scoop (provided) or by drop count method (1 mL equals 28 drops from the Sucraid container tip).
HOW SUPPLIED
Sucraid® (sacrosidase) Oral Solution is available in 118 mL (4 fluid ounces) translucent plastic bottles, packaged two bottles per box. Each mL of solution con- tains 8,500 International Units (I.U.) of sacrosidase. A 1 mL measuring scoop is provided with each bottle. A full measuring scoop is 1 mL.
Store in a refrigerator at 2°- 8° C (36°- 46°F). Discard four weeks after first opening due to the potential for bacterial growth. Protect from heat and light.
Rx only.
Distributed by: QOL Medical, LLC
Vero Beach, FL 32963
To order, or for any questions, call 1-866-469-3773 www.sucraid.net
NDC# 67871-111-04
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[bookmark: Clinical_Aspects_and_Treatment_of_Congen][bookmark: William_R._Treem]Clinical Aspects and Treatment of Congenital Sucrase- Isomaltase Deficiency
 (
C
)William R. Treem

ongenital sucrase-isomaltase deficiency (CSID) was first described by Weijers and colleagues in 1960 and has sub- sequently been defined as an inherited deficiency in the ability to

hydrolyze sucrose, maltose, short 1–4 linked glucose oligomers, branched (1–6 linked) a-limit dextrins, and starch (1). Exposure to these nutrients provokes osmotic diarrhea with pain, bloating, and abdominal distention; rapid small bowel transit and malabsorption of other nutrients; excessive bacterial fermentation of malabsorbed carbohydrate with colonic gas production and acidification of the stools; and at times, chronic malnutrition and failure to thrive (2). After the sucrase-isomaltase (SI) gene was identified on chromo- some 3 (3q25–26) and was cloned in 1992 by Chantret and colleagues, more than 25 mutations in  the gene  responsible for the synthesis of SI have been discovered (3–6). These mutations result in a variety of defects in the folding of the synthesized propeptide chain; the initial high mannose and then complex glycosylation; the sequential export from the endoplasmic reticu- lum to the Golgi apparatus, and eventually to the apical membrane; the anchoring of the N-terminal aspect of the isomaltase subunit in the enterocyte microvillus membrane; and the normal architecture of the sucrase and isomaltase catalytic sites, which are independent of each other and can be affected separately, leading to isolated deficiencies (5,6). The intracellular phenotypic heterogeneity is reflected in a range of enzymatic capability ranging from comple- tely absent sucrase activity to low but present residual activity and from completely absent isomaltase activity to normal activity. Because SI is responsible for approximately 60% to 80% of the maltase activity in the brush border of the enterocyte, maltase activity is also significantly reduced in almost all cases.
In addition to the degree of enzyme deficiency, the appear- ance of overt clinical manifestations of CSID is partially determined by the amount of sugar and starch being consumed. Approximately 60% of the total calories consumed in the average diet in the United States originate from carbohydrates, with 30% of carbohydrate calories deriving from sucrose (7). The typical adult consumes about 150 lb of sugar per year and 65 lb of sucrose. The influence of the dietary consumption of sucrose is best illustrated by the natural history of CSID in Greenland, where approximately 5% to 10% of Greenland Eskimos are affected (8). Before the introduction of a Western diet in the middle part of the last century provoked by the settlement of Greenland by northern Europeans from Denmark and other European countries, CSID was unknown among the indigenous population, who consumed a fish-and-marine mammal–based diet, relatively high in fat and protein and low in carbohydrates and sucrose. A marked increase in diarrhea and other gastrointestinal symptoms in theindigenouspopulation led to studiesin the 1970s that delineated the prevalence of CSID. The early introduction of sucrose and starch in the form of baby juices, baby food fruits and certain vegetables, and sucrose- and maltodextrin-containinginfantformulas also plays a role in the timing of clinical manifestations of CSID.
Other hormonal and dietary factors and micronutrients also influence small intestinal sucrase activity. Unlike lactase activity
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that is unresponsive to lactose consumption, sucrase activity is inducible by a high-sucrose, high-carbohydrate diet and reduced by a high-protein, low-carbohydrate diet (9). Both thyroxine and corticosteroids induce the expression of SI  on  the brush border  of the enterocyte (10). In animal models, dietary-induced iron deficiency results in decreased small-bowel disaccharidase activity, with lactase affected more than SI (11). This appears to be the result of decreased gene expression caused by overexpression of PDX-1, a repressor of the lactase and sucrase promoter regions. PDX-1 overexpression can be reversed with restoration of a normal iron- containing diet and replenishment of iron stores. Naturally occurring phytochemicals in the diet (eg, cinnamon extract, onions, garlic, certain spices, mushrooms, chamomile tea) can act as inhibitors of amylase and intestinal a-glucosidases, thus influen- cing luminal sucrase activity (12). In patients with CSID and mutations allowing some residual SI  activity,  these  hormonal and dietary factors may influence the onset and severity of symp- toms.

[bookmark: PREVALENCE_OF_CSID]PREVALENCE OF CSID
The actual prevalence of CSID is still a matter of debate.
Substantial progress in cloning disease-causing mutations has opened the possibility of conducting large-scale population-based screening. In a recent study by Scott and colleagues, all 48 exons of the 100-kb SI gene on chromosome 3 were sequenced in 31 biopsy- proven patients with CSID and 55 different mutations were ident- ified, with at least 1 of the 4 most common mutations found on   32 (59%) of the affected alleles (4). If one assumes the Hardy- Weinberg equilibrium for mutations in the population, then there is an 83% probability that an individual with severe clinical mani- festations of CSID will have at least 1 of these 4 mutations. The results of this study raise the possibility in the near future of a genetic screening test both for population prevalence studies and to aid in the diagnosis of new cases. With the availability of DNA harvesting from buccal mucosa, the feasibility of genetic testing in young infants and children increases substantially. Studies are in progress to determine whether genetic testing also can be done on intestinal epithelial biopsy specimens opening the possibility of simultaneously determining disaccharidase levels and genetic mutations for CSID.
Clinical studies of relatively homogenous selected popu- lations have yielded high rates of CSID, ranging  from  5%  to 10% in Greenland Eskimos, 3% to 7% in Canadian native peoples, and about 3% in Alaskans of native ancestry (13,14); however, estimates of the prevalence of CSID in other North American and European populations generally range from 1 in 500 to 1 in 2000 among non-Hispanic whites, with a lower prevalence in African Americans and whites of Hispanic descent. These studies evolved from older studies of intestinal disaccharidase levels in adult patients undergoing endoscopy for gastrointestinal symptoms (15,16). The estimates have shown low levels of sucrase activity
>1 standard deviation (SD) below the mean in mucosal biopsy specimens from 2% to 9% of patients, even in the absence of overt
mucosal injury. If one assumes that some of these patients represent heterozygotes for CSID, then the prevalence quoted above seems plausible; however, the diagnosis of CSID is rarely made even in infants and young children, suggesting the possibility that the phenotype of CSID may be much broader and more variable than previously thought and that a large proportion of affected adult and pediatric patients are not being tested and diagnosed.
This hypothesis receives support from the analysis of recently released whole exome sequence data (Exome Variant Server, http://evs.gs.washington.edu/EVS). Belmont and colleagues at the Children’s Nutrition Research Center at the Baylor College of

Medicine reviewed the SI gene sequence data in a population of approximately 3500 North American white adults ascertained as controls or with atherosclerosis and no known bias for gastroin- testinal disease. These data showed 271 rare missense variants with an aggregate allelic frequency of 0.03864. Based on this allele frequency, and assuming that the alleles segregate independently, Hardy-Weinberg proportions were used to estimate the frequency of homozygotes and compound heterozygotes for rare alleles. Although it is not known whether all of these variants result in decreased enzyme activity, the large number of variants could be consistent, with an estimated frequency of 1:670 affected patients and 7% carriers  in  this  population  (personal   communication, Dr John Belmont, February 28, 2012; public data at the Exome Variant Server).
There are several pieces of clinical evidence that support the view that CSID is more prevalent than previously believed. Studies of disaccharidase levels from intestinal biopsy specimens sent to   2 pediatric reference laboratories have shown surprisingly frequent results for a pattern suggesting CSID. In 2 studies of almost 1000 biopsies each, sucrase deficiency was defined as >1 SD below the
mean activity level in 1 study and <10% of the mean in another
(17,18). As defined, sucrase deficiency was found in 11% and13%
of biopsy specimens in the 2 studies. Included were specimens with isolated sucrase or SI deficiency only (1.0% and 1.1%, respect- ively), SI and maltase-glucoamylase (MGAM) deficiency only (3.0% and 2.4%, respectively), and pandisaccharidase deficiency (5.8% in both studies). Pandisaccharidase deficiency was more likely accounted for by acquired diffuse intestinal villous injury. Although correlation with histology was not provided, the surpris- ingly high numbers of isolated SI and combined SI-MGAM deficiencies without lactase deficiency suggest that specific geneti- cally determined enzyme deficiencies may be playing a role.
Although small intestinal disaccharidases are most often investigated in the clinical setting of diarrhea in  infants  and young children, the role of disaccharidase deficiencies and specifi- cally SI deficiency in other gastrointestinal syndromes also has been entertained. Small series of patients with CSID have revealed a subgroup of adolescents and even adults who present with dyspep- sia, gas, and /or irritable bowel syndrome (IBS) rather than the classic presentation of watery diarrhea, failure to thrive, diaper rash, irritability, and acidic stools in infancy (2,19,20). Karnsakul and colleagues studied 44 children and adolescents with dyspepsia, only
4 of whom had intermittent diarrhea (21). Patients underwent endoscopy with small bowel biopsies and disaccharidases and one-third had low sucrase activity (>1 SD from the mean), includ- ing 4 of 44 with isolated low sucrase activity, and 11 of 44 with sucrase and pandisaccharidase deficiency, but no significant villous atrophy. In addition, in preliminary follow-up studies of families with index cases of CSID uncovered in a child, parents with a long- term diagnosis of IBS were subsequently identified as having CSID (22).
After the sequencing of all of the exons of the CSID gene, most patients with CSID studied by Scott and colleagues have been found to be homozygous or compound heterozygotes for disease- causing mutations (4). Kerry and Townley showed that the parents of 4 children with CSID had intestinal sucrase activity below the lower limits of normal and a sucrase:lactase ratio <0.8, both consistent with the heterozygous state and supporting an autosomal recessive pattern of inheritance (23); however, 3 patients in Scott and colleagues’ study who presented with classical symptoms and biopsy-proven absent sucrase activity with absent or low isomaltase activity, and 2 others with milder decreases in both enzymes, appeared to be heterozygote carriers with a mutation on 1 allele and a wild-type gene on the other. These small studies lend credence to the hypothesis that CSID is more prevalent than previously


	

thought; manifests with milder phenotypes that may even omit diarrhea as a prominent symptom; and may be transmitted in ways other than strict autosomal recessive inheritance. The combination of the ‘‘heterozygous’’ state with other genetic and/or dietary and nutritional interactions may provoke gastrointestinal symptoms in certain patients.

[bookmark: PRESENTATION_AND_NATURAL_HISTORY_OF_CSID]PRESENTATION AND NATURAL HISTORY OF CSID
The classical presentation of CSID is severe watery diarrhea,
[bookmark: DIAGNOSIS_OF_CSID]failure to gain weight, irritability, and diaper rash in a 9- to 18- month-old infant who has been exposed to sucrose and starch in the form of baby juices, baby food fruits, teething biscuits, crackers, and other starches. Factors that contribute to the predilec- tion for a presentation during infancy include the shorter length of the colon and a decreased capacity for colonic reabsorption of fluid and electrolytes, more rapid small intestinal transit, a high carbo- hydrate diet, and the ontogeny of amylase activity that does not reach ‘‘adult’’ levels until the second year of life (24); however, clinical studies during the last 20 years and a retrospective review of 65 patients with CSID have revealed a variety of presentations that defy the conventional view (5,22,25,26). Table 1 describes the symptoms at presentation in these 65 patients. Although most have presented with the classic symptoms, a significant minority have only been diagnosed between 2 to 8 years old after normal growth and a previous diagnosis of chronic nonspecific diarrhea of child- hood (‘‘toddler’s diarrhea’’), or even later during adolescence or young adulthood carrying a diagnosis of diarrhea-predominant IBS. Up to one-third have had vomiting as a prominent symptom, suggesting again that dyspepsia, gas, bloating, and even reflux-like symptoms may predominate in some patients. Other anecdotal reports have mentioned hypercalcemia and nephrocalcinosis in infants with CSID, and even renal calculi in 2 adults with CSID (27,28).
In a follow-up study of 65 patients with CSID who responded to a questionnaire after being identified by a record of prescriptions for enzyme replacement therapy, 53 of 65 reported the onset of symptoms before 1 year of age, 7 between 1 and 10 years old, and 5 after 10 years of age (22); however, the age at which a diagnosis was made was shifted to the right, with only 17 of 65 diagnosed in the first year, 30 between 1 and 5 years, 10 between 5 and 10 years, and 8 after 10 years of age. The potential reasons for this delay in diagnosis include a mistaken diagnosis of protein intolerance in infancy with multiple formula changes and the elimination of glucose oligomers (maltodextrin) that are partially hydrolyzed by sucrase in favor of glucose monomers in amino acid–based formulas (29). A diagnosis of food allergy often also leads to the elimination juices and baby foods that may have a high sucrose load, further masking the true underlying cause of diarrhea in patients with CSID. Later in childhood, a diagnosis of chronic

nonspecific diarrhea often will result in a lower carbohydrate, higher fat diet, and the elimination of all juices with improvement in symptoms of patients with CSID (30). Older children and adolescents with CSID and diarrhea-predominant IBS may learn which foods trigger their symptoms and avoid those foods, thus masking their true diagnosis. In addition, chronic carbohydrate malabsorption may act as a prebiotic stimulus to colonic bacterial growth, creating a significant increase in the capacity to ferment and salvage malabsorbed carbohydrate, and stimulate colonic short- chain fatty acid synthesis and sodium and fluid reabsorption by the colonocyte (31). Colonic bacterial flora ‘‘adaptation’’ may thus contribute to a decrease in diarrhea symptoms over time in some patients with CSID.

DIAGNOSIS OF CSID
At  present,  the  gold  standard  for  the  diagnosis  of CSID
remains small intestinal biopsy specimens assayed for lactase, sucrase, isomaltase (palatinase), and maltase activity. In general, the criteria applied to make the diagnosis of CSID include normal small bowel morphology in the presence of absent or markedly reduced sucrase activity, isomaltase activity varying from 0 to full activity, reduced maltase activity, and normal lactase activity, or in the setting of reduced lactase, a sucrase:lactase ratio of <1.0. Table 2 summarizes the disaccharidase activities in 36 patients with CSID; all were included in 2 pivotal clinical trials included as part of the new drug application (NDA) for sacrosidase submitted to the Food and Drug Administration (FDA; NDA 20-772/S-011, 1998). Sucrase activity was absent in  24 of 36 (66%) patients,  and in all but 3, activity was less than the third percentile of 977 values in ‘‘controls,’’ which consisted of unselected small bowel biopsies from children with diarrhea and other gastrointestinal symptoms (18). All sucrase activity values in patients with CSID were <10th percentile of controls. Almost two-thirds (23/35) had
absent palatinase (isomaltase) activity, and all but 2 were <10th percentile, with 1 of those in the normal range and 1 with elevated
activity. Maltase activity was variable. No patient had absent activity, but the mean equaled 41.5 U/g protein and the majority (25/36, 69%) exhibited reductions >2 standard deviations from the
mean in controls. All but 2 patients demonstrated <10% of control activity. Two patients exhibited normal activity. There was no clear
correlation between absent or residual sucrase activity with the spectrum of decreased maltase activity. Because the brush border enzyme MGAM is responsible for at least 20% of maltase activity, those patients with low maltase activity may be examples of combined deficiencies of SI and MGAM (32,33). Elevated lactase enzyme activity levels were found in 3 of our patients and have been found in a small minority of patients with CSID in  most studies  to date.
Recent studies of the SI gene in symptomatic patients with intestinal disaccharidase deficiency have identified compound


	

TABLE 1. Presenting symptoms in 65 patients with CSID (22)


Symptom	No. patients (%)

TABLE 2. Intestinal biopsy disaccharidase activities in 36 patients with CSID (U/g protein) (42,43)





Diarrhea	62 (95)	Sucrase

Isomaltase
(palatinase)	Maltase	Lactase

Bloating/gas	55 (85)
Abdominal pain	43 (66)

 	(n ¼ 36)	(n ¼ 35)	(n ¼ 36)	(n ¼ 36)

	Irritability
	43 (66)
	Mean
	2.3
	1.9
	41.5
	30.5

	Diaper rash
	40 (62)
	Standard deviation
	4.4
	5.8
	34.7
	19.2

	Failure to thrive
	39 (60)
	Median
	0
	0
	29.2
	27.6

	Nausea/vomiting
	22 (34)
	Minimum
	0
	0
	10.9
	5.2

	Irritable bowel syndrome
	12 (18)
	Maximum
	15.4
	33.3
	166.7
	101.5



[bookmark: TREATMENT_OF_CSID]heterozygotes with less severely reduced sucrase and isomaltase and even what appears to be true heterozygotes with 1 normal allele and what appears to be a more severe mutation on the other allele (4–6,34). One patient in the cohort studies by Scott et al appeared to have normal wild-type genes on both alleles with moderately reduced sucrase activity and symptoms provoked by sucrose con- sumption, which suggested acquired sucrase deficiency even in the presence of normal small intestinal morphology (4). Other causes of false-positive results come from biopsies taken in the proximal duodenum, where disaccharidase levels are often only approxi- mately two-thirds of the levels found in the proximal jejunum (35). In addition, mishandling of biopsy specimens resulting in inadequate rapidity of freezing and premature thawing can result in a diffuse reduction in disaccharidase activity. Studies of replicate intestinal biopsy disaccharidase assays have demonstrated a coeffi- cient of variation of 27%, stressing the variability of the assay (18). This variation emphasizes the role of clinical judgment in making the diagnosis of CSID from mucosal disaccharidase assay values. Other less invasive methods of diagnosis includethe sucrose breath hydrogen study and differential urinary disaccharides (36,37). Although relatively easy to accomplish, the sucrose breath hydrogen study is compromised by significant contamination from both false-positives (secondary sucrase deficiency from villous injury, dumping syndrome, and bacterial overgrowth) and false- negatives (nonhydrogen producers, antibiotic interference, delayed gastric emptying). Also, this test can provoke severe symptoms as a result ofthe 2-g/kg oral sucrose load given to patientswith CSID. The differential urinary disaccharide test examines the ratio of urinary sucrose:lactulose, which should approach 1.0 in patients with CSID; however for accurate results, this test relies on obtaining an accurate 10-hour urine collection that is difficult in many infants and young
children and the presence of normal intestinal permeability.
Figure 1 summarizes data from studies of the utility of a 13C-sucrose breath test to diagnose CSID (38). This test requires the administration of a small dose of uniformly labeled 13C-sucrose mixed in unlabeled maltodextrin in water as a carrier and the subsequent collection of  13CO2-enriched  breath  samples  every 15 minutes for 2 hours. The separate administration of 13C-glucose mixed in maltodextrin and collection of 13CO2 allows 13C-sucrose hydrolysis and digestion to be expressed as a coefficient of glucose oxidation (CGO). As Figure 1 shows, the mean percent CGO of 13C-sucrose in 10 patients with CSID is 25%±21% compared with 146% ±45%  in  10  age-matched  controls.  A  cutoff  of  79%  CGO yields 100% sensitivity and specificity for CSID. Although the test

[image: ]
FIGURE 1. Data summary from studies of the utility of a 13C-sucrose breath test to diagnose CSID.

requires 2 breath tests and infrared spectrophotometry, it has several advantages: it is noninvasive, has excellent sensitivity and speci- ficity, and avoids provocation of gastrointestinal symptoms because of an excessive sucrose load.

TREATMENT OF CSID
Previous follow-up studies of children with CSID treated
with sucrose- and starch- restricted diets have demonstrated that only 10% of patients remain consistently asymptomatic, and 60% to75% still experience diarrhea, gas, and/or abdominal pain, with a lower proportion (20%) complaining of nausea. Only approxi- mately half of these children are compliant with the prescribed  diet (39,40). Harms and colleagues  described  the  amelioration  of both hydrogen production  and  gastrointestinal  symptoms  in  8 children with CSID treated with Baker’s yeast (Saccharomyces cerevisiae) cakes  before  a  sucrose  breath  hydrogen  test  (41).  S cerevisiae contains a b-fructofuranoside fructohydralase with sucrase but not maltase or isomaltase activity. By using specific growing conditions to promote increased enzyme activity and belt drying to preserve this activity, the food industry has for many years been using this enzyme to convert sugarcane (sucrose) to molasses and keep the centers of cream-filled candies liquid. Preclinical studies on a liquid preparation derived from the S cerevisiae (sacrosidase) grown under these conditions showed that 1 mL of this preparation contained approximately 8500 U of sucrose-hydro- lyzing activity (8500 mmol glucose formed per minute per milli- liter) (42). Sacrosidase was free of lactase, isomaltase, or maltase activity; rich in mannose glycosylation; maintained stable activity with refrigeration; and did not lose significant activity with a pH down to 1.0. Incubation of the enzyme with pepsin at or near the pH optimal for pepsin activity (1.5), however, produced a rapid loss of activity. Preincubation of the pepsin with bovine serum albumin provided a decoy for the pepsin and allowed preservation of sacrosidase activity even at a pH of 1.5.
Figure 2 shows the results of sucrose breath hydrogen studies on the first child with CSID treated with sacrosidase under an orphan drug grant from the FDA. Two breath tests with 2 and 4 g/kg sucrose loads produced a marked rise in breath hydrogen and gastrointestinal symptoms; however, breath tests accompanied by sacrosidase treatment prevented the rise in breath hydrogen and the symptoms. Subsequent pivotal trials in >40 subjects between the ages of 5 months and 29 years were conducted, with the diagnosis of CSID based on chronic watery diarrhea with an acid pH, a tissue

[image: ]
FIGURE 2. Results of sucrose breath hydrogen studies on the first child with CSID treated with sacrosidase under an orphan drug grant from the Food and Drug Administration.
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sucrase activity level of <10% of the mean of controls, a normal lactase level, and a normal lactose breath hydrogen test (42,43). These multicenter, double-blind, randomized studies used 3 increasing dilutions of sacrosidase and an undiluted form in 4 arms given to each subject in random order during a 10-day period in which time the subjects consumed a normal sucrose-containing (approximately  1.75–2.5 g ·  kg-1    day-1)  and  starch-containing (5.2–5.8 g · kg-1   day-1) diet. Two breath hydrogen studies (with and without sacrosidase) were performed in the first study and 3 (with and without sacrosidase and with sacrosidase plus cow’s milk acting as a pepsin decoy) in the second pivotal study.
The results of these studies can be summarized as follows.
All dilutions of sacrosidase reduced symptoms of sucrose

malabsorption provoked by both the breath tests and the period    of unrestricted diet; the undiluted preparation most significantly reduced watery stools, gas, cramps, and bloating. Full-strength (undiluted) sacrosidase normalized these symptoms and the stool frequency in comparison with the baseline period of a sucrose-free, starch-restricted diet and no sacrosidase treatment. Full-strength sacrosidase resulted in 81% of patients, consuming an unrestricted diet, remaining asymptomatic, compared with 78% untreated during the baseline, diet-restricted period. Excessive breath hydro- gen production was blocked by the double-blind administration of sacrosidase compared with placebo and was further reduced by consuming milk before sucrose ingestion (Fig. 3A). A study of the 13C-sucrose breath test with and without sacrosidase administration
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FIGURE 3. A, Excessive breath hydrogen production blocked by the double-blind administration of sacrosidase compared with placebo and was further reduced by consuming milk before sucrose ingestion. B, A study of the 13C-sucrose breath test with and without sacrosidase administration confirmed these results and shows that all of the subjects had normalized CGO with therapy.


	TABLE 3. Persistence of sy
	mptoms in 65 patients wit
	h CSID treated with Sucraid (
	22)
	

	Symptom frequency
	Diarrhea, %
	Bloating/gas, %
	Nausea/vomiting, %
	Abdominal pain, %

	0 times per week
	46
	43
	96
	91

	1 time per week
	28
	18
	4
	9

	2–3 times per week
	12
	13
	0
	0

	>3 times per week
	14
	26
	0
	0




[bookmark: Copyright_2012_by_ESPGHAN_and_NASPGHAN._]confirmed these results and shows that all of the subjects had normalized CGO with therapy (Fig. 3B) (37). Adverse events were limited to unrelated episodes of vomiting, pallor, and dehydration, each in a single subject, and a possibly related event of wheezing in a young child with known asthma, who was later found to have a positive skin test for sacrosidase (43). This incident led to the recommendation on the label to perform skin tests on patients with asthma before sacrosidase is administered. No other patients have been described with this adverse effect. These studies resulted in the submission of an NDA to the FDA and approval of Sucraid (sacrosidase) as treatment for CSID in 1998. Treatment was covered by Medicaid, after which private insurance coverage was approved. Recommendations for dosing on the label suggest using 1 mL with meals or snacks for patients <15 kg and 2 mL with meals or snacks
for those >15 kg. Doses are to be split, with half the dose given at
the onset of a meal and the other half midway through, when the
intragastric environment is buffered to a higher pH and pepsin may be partially decoyed by other proteins.
A preliminary post marketing surveillance study was con- ducted involving 229 patients with CSID who received prescrip- tions for Sucraid (sacrosidase) between 2004 and 2009. Results are summarized in a published abstract and in the proceedings of this symposium (22). Sixty-nine of 229 questionnaires were returned from 60 of 69 patients in 27  states in the United States and from  9 patients in 4 other countries. Included were 39 male patients and 66 of 69 patients younger than 18 years old. Sixty-five patients continued taking Sucraid; 2 had abandoned it because of lack of efficacy and 2 because of its cost. The median duration of therapy was 3 years and one-third had been treated continuously for
>5 years. Nine of 65 (14%) patients were exceeding the maximum recommended dose per meal (2 mL) to try to control symptoms.
Either a normal diet or a mild sucrose- and starch-restricted diet was consumed by 41 of 65 (65%) patients, but in 27%, strict sucrose restriction with either mild or strict starch restriction was necessary to maintain acceptable suppression of symptoms, even while taking Sucraid. Table 3 summarizes symptoms while patients are being treated with Sucraid. The majority (59/65, 92%) had <3 bowel movements per day, and 74% experienced either no diarrhea or diarrhea once per week, 12% had diarrhea 2 to 3 times per week, and 14% had diarrhea >3 times per week. In 74%, bloating occurred
<3 times per week. Abdominal pain and nausea/vomiting were not seen in any patients >1 time per week and were completely absent in >90% of patients. The most common adverse events reported included constipation in 6 of 65, headaches in 5 of 65, and sleep
disturbances in 8 of 65. None of these events resulted in discontinuing Sucraid.

[bookmark: CONCLUSIONS]CONCLUSIONS
Both  clinical  studies  and  molecular/genetic investigations
suggest that CSID is a more common disease than previously believed and that genetically modified small intestinal SI digestion accounts for a broad spectrum of clinical phenotypes, including some potentially hidden in large cohorts of patients with IBS, chronic nonspecific diarrhea, and perhaps even dyspepsia (44).

The advent of noninvasive breath tests with excellent sensitivity and specificity and genetic tests of relatively common mutations in the CSID gene hold out the promise of more accurate population prevalence studies and diagnosis of less classic cases, even in adults who are believed to have lifelong functional bowel disorders. The recent approval of an enzyme replacement therapy has allowed liberalization of the previously mandatory sucrose restrictive diet and restored a more normal lifestyle, particularly to infants and young children exposed to a high carbohydrate diet (45). Further modifications of this therapy with the possible additions of enzymes geared to supplement higher maltase and glycoamylase activity may be in the offing to help patients cope with the continued problem of starch malabsorption. Research has demonstrated that additional amylase activity amplifies the effect of SI and MGAM on starch digestion and offers another potential addition to enzyme replacement therapy (18,46).
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Congenital Sucrase-Isomaltase Deficiency: Heterogeneity of Inheritance, Trafficking, and Function of an Intestinal Enzyme Complex
*Hassan Y. Naim, *Martin Heine, and yKlaus-Peter Zimmer

 (
B
)rush border membranes are the largest exposed surfaces in tissues. They constitute the interface between the ‘‘milieu exterieur’’ and the ‘‘milieu interieur’’ of the body in a variety of organs such as the gastrointestinal tract and bile canaliculi, where hydrolytic, absorptive, and secretory processes take place. The intestinal mucosa is the exclusive site for nutrient metabolism and subsequent uptake of the generated products, such as mono- saccharides and amino acids. The hydrolysis and absorption of micronutrients are achieved by the concerted action of hydrolases and transporters that are predominantly located in the brush border
membranes (BBMs) (1).
The hydrolases are divided into 2 major families, the pepti- dases and the disaccharidases (2). The peptidases, such as amino- peptidases N (CD13), A, and W, carboxypeptidases P and M, dipeptidylpeptidase IV, or a-glutamyl transpeptidase, are expressed in many tissues, including the intestine and the kidney (3,4). The
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Background: Cutoff  activities  for  diagnosing  disaccharidase  deficiencies  are  historical  and  are  difficult to verify from a reference population. The objectives of this study were  to  validate  the  utility  of  histor-  ical disaccharidase cutoffs using data from clinical samples and  to  evaluate  the  demographics  of  individuals for whom intestinal disaccharidase testing was performed.
Methods: Results from 14,827 disaccharidase test samples were extracted from the laboratory information system. Data were analyzed by the Hoffman method to calculate a reference interval for each enzyme, and the lower limits were compared to historical cutoffs. The observed frequencies of disaccharidase deficiencies were determined using historic and calculated cutoffs.
Results: The median patient age of the entire data set was 13 years(range<1–88 years), and 45% were male. The cutoffs for lactase, maltase, palatinase, and sucrase were determined to be 10, 100, 9, and 25 U/g  protein,  respectively.  Applying  these  cutoffs  to  the  data  set,  61%  had  no  enzyme  deficiencies,  35% were  lactase   deficient,  11%   were  maltase   deficient,  13%   were  palatinase   deficient,  and   13%   were sucrase deficient. Pandisaccharidase deficiency was present in 8%.
Conclusions: Disaccharidase testing is most commonly performed in patients <18 years. Lactase deficiency is  the  most  frequently  observed  single-disaccharidase  deficiency.  The  historical  cutoffs  for maltase and sucrase were validated. To align with calculated reference  intervals,  the  palatinase cutoff should increase from 5 to 9 U/g protein, and the lactase cutoff should decrease from 15 to 10 U/g protein.
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Dietary disaccharides are important sources of exogenous glucose. The small intestine is imper- meable to disaccharides, requiring enzymatic hy- drolysis of disaccharides into monosaccharides. This hydrolysis is catalyzed by disaccharidase en- zymes, which are localized to the brush-border membrane of the small intestine. Decreased or ab- sent activity of one or more of the disaccharidase enzymes can result in carbohydrate maldigestion, which is commonly characterized by abdominal symptoms  including  cramping,  flatulence,  and  di- arrhea (1, 2).
The main dietary disaccharides are lactose,
maltose,  and  sucrose.  The  disaccharidase   activi- ties that are of clinical interest are lactase, sucrase, maltase, and isomaltase (more  commonly  referred  to as  palatinase).  The  disaccharidases  responsible for hydrolysis of these sugars are the enzyme com- plexes lactase-phlorizin (EC 3.2.1.108), sucrase- isomaltase  (EC  3.2.1.48),  and  maltase-glucoamylase (EC 3.2.1.20) (1). As enzyme complexes,  they  con- tain more than one active site and may display specificity for more than one substrate. Because of overlapping activities  of  the  disaccharidase  en-  zyme  complexes,  some  measured  activities,   such  as that of maltase, represent the  aggregate  activity  of multiple enzyme complexes (maltase-glycoam- lyase   and   sucrose-isomaltase).   Additionally,   defi- ciency of a single enzyme (sucrase-isomaltase)


often results in decreased activities of maltase, su- crase, and palatinase.
Primary    (hereditary)   disaccharidase    deficiencies are rare and include congenital sucrase-isomaltase deficiency,  an  autosomal  recessive  disease  caused by a mutation in the sucrase-isomaltase gene; glu- cose-galactose malabsorption, due to a glucose transporter   deficiency;   and   starch   malabsorption, due  to  glucoamylase  deficiency.  Acquired  deficien- cies are much more common and are associated with injury to the intestinal mucosa. Such injuries may be due to anatomic anomalies or autoimmune disorders  that  affect the  gastrointestinal  tract. Defi- ciencies may also be transient due to extended anti- biotic or other drug uses.
Establishing reference intervals for disacchari- dase activity is challenging because these tests in- volve obtaining a biopsy of the small bowel mucosa and reference samples are not available for test- ing. Laboratories that perform disaccharidase testing have often adopted historical cutoff activi- ties  that  are  used  to  identify  a  disaccharidase  defi- ciency (lactase, <15 U/g protein; maltase, <100 U/g protein; palatinase, <5 U/g protein; and sucrase,
<25 U/g protein). The source of these cutoffs is not clear. The utilization of patient test results to estab- lish a reference interval was originally described by Hoffman in 1963 (3) and has been shown to be accurate and reproducible (4, 5). The primary ob- jective of this study was to retrospectively validate





these historic cutoffs using the Hoffman method for reference interval determination. The second- ary objective of this study was to evaluate the de- mographics and disaccharidase activities of individuals for whom disaccharidase testing was clinically performed.

METHODS

Data set
The results of all samples for which disacchari- dase activity testing was performed at ARUP Labo- ratories between November 2009 and May 2013 were extracted from the laboratory information system   (LIS)3 and   deidentified   (n  =   14,886   sam- ples). Results were excluded if they were deter- mined at a laboratory other than ARUP (n = 7), identified  as  an  “LIS  test”  sample  (n  =  11),  were associated with an absurd patient age of >110 years (n = 5), or failed to produce any reportable result (n = 36). The results from the remaining 14,827 samples were included in subsequent anal- yses. The University of Utah Institutional Review Board approved this project and its protocols.

Disaccharidase activity determination
The method used in our laboratory to determine disaccharidase activities has been described (6). Briefly, biopsies of small  intestine mucosa were ho- mogenized in saline and the homogenate incu- bated with each of four substrates (lactose, maltose, palatinose, and sucrose) to liberate glu- cose. After stopping the reactions by heat inactiva- tion, the glucose concentration was determined using an automated chemistry analyzer. One unit
(U) of disaccharidase activity was calculated as the quantity of enzyme that will hydrolyze 1 μmol di- saccharide substrate per minute at 37 °C. Because of inherent variations in specimen size, the disac- charidase activity is determined relative to the pro- tein concentration of the homogenate that was determined using a Lowry protein assay (7).

Determination of reference intervals
The reference intervals for disaccharidase activ- ities were determined using the Hoffman method (3, 4). All enzyme activity results of 0 U/g protein were excluded from this analysis only (n = 408, 24, and 20 for lactase, palatinase, and sucrase, respec- tively). Enzyme activities were log-transformed before determining cumulative frequency distribu- tions. Presumed outliers were not excluded from the  data  set  because  their  influence  on  the  cumu- lative distribution frequency was minimal and their exclusion did not make the analysis more scientif- ically or methodologically robust. The linear por- tion of the cumulative frequency distribution for each enzyme was visually estimated and used for linear regression analysis. The reference interval  (RI) was calculated as RIlower = 2.5(m) +  b  and RIupper = 97.5(m) + b, where m is the slope and b is the y intercept of the linear regression. The calcu- lated lower limit of the reference interval was used as the calculated cutoff activity. The cutoff ratio, defined as  the  ratio  of  the  historical  cutoff  to  the calculated cutoff, was determined for each en- zyme. Microsoft Excel version 14.0.7166.5000 and GraphPad Prism version 5.0f software were  used for all data analyses.

RESULTS

Disaccharidase reference intervals
The frequency of the log of enzyme activity for maltase, palatinase, and sucrase displayed uni- modal distributions, while lactase showed a bimodal distribution (Fig. 1). This pattern was re- flected  in  the  cumulative  frequency  distributions  of each  enzyme,  with  an  inflection  point  observed  in the plot for log of lactase activity (Fig. 2). The linear portion of the cumulative frequency for each en- zyme was used for linear regression analysis, and the upper and lower limits of the reference interval were calculated, as well as the cutoff ratio (Table 1). The cutoff ratios for maltase and sucrase were
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Fig. 1. 
Frequency distributions of log-transformed disaccharidase enzyme activities.
Lactase displays a bimodal distribution of activities; maltase, palatinase, and sucrase display unimodal distributions.
)



close to 1 (0.95 and 0.96, respectively), indicating close agreement between the historical and calcu- lated cutoff values. The cutoff ratios for lactase (3) and palatinase (0.56) indicate discrepancies be- tween the historical and calculated cutoffs,  with the calculated lactase cutoff being 3 times lower than the historical cutoff and the calculated palati- nase cutoff being almost 2 times higher than the historical cutoff.
The bimodal distribution of lactase results and the  presence  of  an  inflection  point  in  the  cumula- tive frequency of log activity (Fig. 2) suggested that two distinct patient populations were represented in  the  data  set:  a  lactase-deficient  and  a  lactase- sufficient   population.   The   inflection   point   of   the cumulative frequency distribution  corresponds  to a lactase activity of approximately 10 U/g protein, and this activity was used as a proposed cutoff to distinguish lactase sufficiency from deficiency.

Spearman correlations between disaccharidase activities greater  than or equal to the modified cut- offs and patient age were −0.04 (P < 0.0001), −0.02 (P = 0.05), −0.08 (P = 0.01), and 0.007 (P = 0.42) for
lactase, maltase, sucrase, and palatinase, respec- tively. On average, enzyme activities were approx- imately 5% lower in males compared to females.

Disaccharidase deficiencies by historical and proposed cutoffs
The disaccharidase activity results of all 14,827 patient samples in the data set were analyzed to determine the observed frequency of each disac- charidase   deficiency, both as   a   single-enzyme   de- ficiency   and     also     in     combination     with   other disaccharidase  deficiencies,  based  on  the  historic and  proposed  cutoffs  for  enzyme  deficiency  (Table 2). The median patient age of the entire sample set was 13 years (range 0 – 88 years), and 82% of the
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Fig. 2. 
Cumulative frequency curves of log-transformed enzyme activities.
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samples were obtained from a pediatric (<18 years) population; 57.3% of the samples were collected from females. Using the historic cutoffs, 52.2%  of  the  samples  were  not  deficient  in  any

disaccharidase,   and   this   result  increased   signifi- cantly to 61.1% using the proposed cutoffs (P < 0.0001). The most commonly observed enzyme deficiency was lactase only, which was 34.6% using


	Table 1. Comparison of historical and proposed cut offs used to determine disaccharidase deficiency.a

	
	
Regression equation
	Calculated lower limit, U/g protein
	Calculated upper limit, U/g protein
	Historical cutoff, U/g protein
	
Cutoff ratio, historical/calculated

	Lactase
	y = 0.011x + 0.69
	5b
	55
	15
	3

	Maltase
	y = 0.0059x + 2.0
	105
	380
	100
	0.95

	Palatinase
	y = 0.0059x + 0.92
	9
	32
	5
	0.56

	Sucrase	y = 0.066x + 1.4	26	110	25	0.96
a Linear regression equations were used to determine the proposed lower and upper limits of the reference intervals; the r2for all regression equations was >0.99. The cutoff ratio was determined by dividing the historical cutoff for enzyme deficiency by the proposed cutoff (lower limit of the reference interval).
b Because the calculated cutoff of 5 U/g protein is likely skewed because of the bimodal distribution of lactase results, a proposed cutoff of 10 U/g protein was determined from Fig. 2.
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the historic cutoff. As expected, this decreased sig- nificantly  to  23%  with use  of  the  proposed  cutoff (P < 0.0001).
Overall,   with or  without  additional  enzyme  defi- ciencies,  lactase  deficiency  was  most  common  us- ing historic and proposed cutoffs (46.5% vs 34.8%, respectively). Likewise, using the historic cutoff, a palatinase  deficiency   was   least  common  and  oc- curred in only 3.2% of samples, but this increased  to 13.3% using the proposed cutoff. This increase brought   the   frequency   of   palatinase   deficiency close to that observed for sucrase and maltase (12.6% and 11.4%, respectively), which were un- changed by use of the proposed cutoffs.
A deficiency  of  all 4  enzymes  (pandisaccharidase deficiency)  was  not common  using  the  historic  cut- offs  (3.0%),  but  this  result  increased  significantly  to 7.9% using the proposed cutoffs (P < 0.0001). The increased   prevalence   of   pandisaccharidase   defi- ciency was identical to that reported in a separate study that also used a lactase cutoff of 10 U/g pro- tein and a palatinase cutoff of 11 U/g protein to identify deficiencies (8).

DISCUSSION

Determining reference intervals is frequently challenging, especially when dealing with analytes measured  in  specimens  that  are  difficult  or  inva- sive to obtain. Such is the case for the intestinal disaccharidases. However, the measurement of their   activities  is   considered   to  be   the   definitive biochemical test for the diagnosis of disacchari- dase    deficiencies.   The    analytical   method    devel- oped by Dahlqvist in 1964 (9) is widely considered to be the gold standard test and continues to be used,    albeit   with   some   technological   modifica- tions, by clinical laboratories. Interpreting the test results  is  aided  by  availability  of  well-defined  refer- ence intervals, yet these are impossible to obtain from a true reference population due to the inva- sive nature of the specimen collection. The source of the current cutoffs used by the majority oflab-

oratories is not clear, and to our knowledge an investigation into the suitability of these historic cut- offs has not been conducted. The current analysis illustrates one approach for retrospective validation of reference intervals when it is difficult or impossible to obtain reference population samples.
The Hoffman method for determining reference intervals was retrospectively applied to data gen- erated during clinical testing for disaccharidase deficiencies.  The  lower  limits  of  the  calculated  ref- erence intervals for lactase, maltase, palatinase, and sucrase were 5, 105, 9, and 26 U/g protein, respectively. The calculated lower reference limits for maltase and sucrase were consistent with the historic cutoffs of 100 and 25 U/g protein, respec- tively, and the cutoff ratios (historic/calculated) were 0.95 and 0.96, respectively. These data indi- cate that the calculated lower reference limit is consistent  with  the  historic  cutoff  used  to  define enzyme  deficiency.  In  contrast,  the  lactase  cutoff was lower and the palatinase cutoff was higher  than the historic cutoffs of 15 and 5 U/g protein, respectively. The cutoff ratio for lactase was a fac- tor of 3, indicating the historic cutoff is greater than the calculated lower limit of the reference interval (5  U/g  protein). The  historic  cutoff  for  lactase  defi- ciency may be inappropriately high, resulting in over-diagnosis  of  lactase  deficiency  (46.5%  of  the subjects in this study). If a cutoff of 5 U/g is used as the  criteria  for  diagnosing  lactase  deficiency,  this would  result  in  an  observed  rate  of  lactase  defi- ciency of 20.5% in this data set. Based on the bi- modal distribution of results, this cutoff is likely inappropriately low and would result in missed di- agnoses  of lactose deficiency. Based  on  the  inflec- tion point of the data (Fig. 2), the proposed lactase cutoff of 10 U/g would result in an observed rate of lactase  deficiency  of  34.8%.  Interestingly,  the  refer- ence interval for lactase activity was originally re- ported as 9 –98 U/g protein (10) and, more recently, as 9 –91 U/g protein (11). Both of these reference intervals correspond to the proposed
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lower limit for lactase activity, based on the ob- served bimodal distribution in this data set.
The cutoff ratio for palatinase was 0.56, indicating that the historic cutoff of 5 U/g protein is less than the calculated lower reference limit of 9 U/g protein. This finding suggests that the historic cutoff for palatinase deficiency may be inappropriately low, resulting in an under-diagnosis    of    palatinase    deficiency.    Importantly, because sucrase-isomaltase is an enzyme complex, it is unusual to encounter samples that are sufficient for one enzyme but deficient for the other. Using the historic palatinase cutoff, the frequency of all palatinase  deficiencies  was  3.2%  and  was  unexpectedly lower than the frequency of all sucrase deficiencies   (12.6%).  Using   the  proposed   palatinase cutoff  increased  the  frequency  of  all  palatinase  deficiencies to 13.3%.
The disaccharidase activities were minimally cor- related to patient age and were only slightly lower in males compared to females. While reference in- tervals partitioned by age and/or sex could be con- sidered, the differences between them would be too small to be of clinical usefulness. A similar con- clusion has been reached by others (11).
One limitation of the current study is that the population included was from a retrospective data analysis. While the Hoffmann method for refer- ence interval determination is designed for use with a non-reference population, a general as- sumption is that the data set to which this tech- nique  is  applied  reflects  the general  population.  A previous study evaluated the Hoffman method by applying it to well-characterized laboratory tests such as creatinine and thyroid-stimulating hor- mone (4). The author reported that applying their calculated reference limits for creatinine and thy- roid-stimulating hormone to their study data set, the percentage of results that fell outside of those

limits correlated with the prevalence of chronic kidney disease and thyroid dysfunction, respec- tively (4). However, in the present study, close to 50% of the data set represented individuals having one  or  more  disaccharidase  deficiencies.  Since  the overall  prevalence  of  disaccharidase  deficiency  in the population is thought to be low, this data set was  skewed  toward  deficient  individuals  and  not representative of the general population.
Another limitation of this study is the lack of clin- ical data accompanying the laboratory test results. While the data set appears skewed toward disac- charidase  deficiency  with  respect  to  the  expected prevalence in the population, no information  on the ethnic demographics of this data set were available. For instance, the frequency of lactose in- tolerance,    presumably    caused    by    lactase    defi- ciency, is known to vary throughout different populations and different regions of the world (12). Additionally, to truly validate the clinical utility of the   proposed   modifications   to   the   activity  cut- offs  to  classify  deficiency,  correlation  with  clinical symptoms is needed to determine the activity at which a clinical presentation consistent with en- zymatic  deficiency  is  present.  A  study   by  Gupta et al. (13) reported on such an approach in 232 samples obtained from patients <18 years of age with and without diarrhea and evaluated for mu- cosal histology and disaccharidase activities. The geometric means of enzyme activities decreased with increasing severity of mucosal injury but were significantly     lower     only     in     individuals     with diarrhea and moderate to severe histologic changes. Access to biopsy histology and patient symptoms in this study's data set  would  have  been useful and might have  altered  the outcome of the Hoffman analysis.
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