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PartPart II Disease Activity 

Abstract t 

Objectives Objectives 

Theree has been discussion about the discriminative value of the three laboratory items 

(hematocrit,, erythrocyte sedimentation rate and albumin) and three physical items (height, 

peri-rectall  disease and extra-intestinal manifestations) included in the Paediatric Crohn's 

Diseasee Activity Index (PCDAI). The aim of this study was to analyse the additional value of 

thesee six items to the discriminative properties of the PCDAI. 

Methods Methods 

Dataa from 71 children with Crohn's disease visiting an outpatient clinic were analysed. 

Physiciann global assessment of disease activity was used as gold standard. A basic index was 

calculated,, being the PCDAI score minus the score of the six criticised items. Multivariate 

logisticc regression procedures identified which items significantly contributed to the basic 

index.. Receiver operating characteristics curves were produced comparing the total PCDAI to 

thee basic index, and the new clinical index including only the contributing items in addition to 

thee basic index. 

Results Results 

Logisticc regression models identified only peri-rectal disease to increase the discriminative 

abilitiess of the basic index. The clinical model therefore consists of the three history items 

(abdominall  pain, number of liquid stools and general well being), and three physical 

examinationn items (weight loss, abdominal examination and peri-rectal disease). This clinical 

indexx had an area under the curve not significantly inferior than that of the original PCDAI 

(0.933 (95 % CI 0.89 - 0.99) versus 0.96 (95 % CI 0.92 - 0.99)). 

Conclusion Conclusion 

AA clinical index consisting of three history items and three physical examination items is 

equallyy accurate as the original PCDAI in distinguishing children with disease in remission 

fromm those with a relapse. 
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ChapterChapter 2.2 Critical assessment o/PCDAI items 

Introductio n n 
Thee Paediatric Crohn's Disease Activity Index (PCDAI) was developed in 1991 as multi-

itemm outcome measure for use in clinical trials.1 It was developed in response to the adult 
Crohn'ss Disease Activity Index, which did not take into account disease features unique to 
childrenn with Crohn's disease (CD), but was yet widely used in paediatric trials. The rationale 
forr including certain items in the index was based upon qualitative grounds proposed by 
expertss in the field. 

Thee PCDAI consists of subjective patient reporting of symptoms (abdominal pain, number 
off  liquid stools, general well being), physical examination (weight, height, abdominal exam, 
peri-rectall  disease and extra-intestinal manifestations) and common laboratory tests 
(hematocritt (HCT), erythrocyte sedimentation rate (ESR) and albumin). The PCDAI is 
currentlyy the only validated and most widely used tool for assessing disease activity in trials 
withh children with CD.2"4 It has however elicited critique from frequent users and researchers 
inn the field mostly on two aspects: first, the inclusion of laboratory parameters requires blood 
testingg which is invasive, and second, it includes items that may not be responsive to short 
termm change, such as height retardation or peri-rectal disease.5 

Inn clinical practice, each (invasive) diagnostic test should be evaluated for its additional 
valuee to clinical decisions. Especially in children, invasive procedures should be justified on 
everyy occasion. Venepunctures have been shown to be traumatic for children, and it has been 
postulatedd to keep these tests to a minimum as possible. Clinical trials including multiple 
assessmentss of the PCDAI as an outcome measure thus imply multiple blood testing which is 
nott of any direct therapeutical benefit. This could elicit ethical problems, both for partici-
patingg physicians and for parents. Moreover, this can jeopardize participation rates in trials. 

AA combination of three blood parameters was included in the PCDAI since research over 
thee past two decades6"14 showed that no single parameter reliably reflects disease activity, ' 
exceptt for subgroups of patients with isolated small bowel involvement. One study concluded 
thesee three parameters to reflect disease activity in children with CD, compared with the 
modifiedd Harvey-Bradshaw index (HBI) and physician global assessment of disease 
activity.166 However, no attempt has been made so far to extensively analyse the individual 
valuee of each of the laboratory parameters to the diagnostic properties of the index. In two 
validationn studies of the PCDAI516 only correlation coefficients between various laboratory 
parameterss of inflammation and physician global assessment of disease activity were 
reported,, which although statistically significant, showed low to moderate concordance with 
physiciann global assessment. 

Regardingg its responsiveness related to active inflammation of the bowel, the PCDAI 
includess items that may prove insensitive to short term changes. Examples of these items are 
heightt deviation, peri-rectal disease, and the presence of extra-intestinal manifestations of CD. 
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Thesee items may render the PCDAI inappropriate for use in pharmacological trials, where 
mostlyy short time intervals of two to four weeks are applied to assess changes in disease 
activityy in response to therapeutical interventions. 

Inn light of the abovementioned, the aim of this study was to assess the value of the 
criticisedd laboratory parameters and physical examination items included in the PCDAI. The 
mainn purpose was to include only those items into this index that, based on quantitative analy-
ses,, showed to contribute to the discrimination of patients in remission from those in relapse. 

Material ss and Methods 

Thee data we use were gathered in the clinical validation study of the PCDAI.5 Consecutive 
childrenn coming to the outpatient clinic of the Hospital for Sick Children in Toronto, Canada 
weree asked to participate in the study. The diagnosis of Crohn's disease was established in all 
patientss according to conventional radiological, endoscopic, and histological criteria. Only 
children,, for whom the laboratory assessments were performed for clinical purposes, were 
includedd in the study. All children participated. Complete data were available from 71 patients 
withh CD. 

Thee PCDAI is a multi item index that covers three history items (abdominal pain, number 
off  liquid stools, general well being), five physical examination items (weight, height, 
abdominall  exam, peri-rectal disease and extra-intestinal manifestations) and three laboratory 
testss (HCT, ESR and albumin). Items can be scored on a 3-point scale, (scores 0, 5, or 10, 
exceptt for HCT and ESR, which carry a lower weight with scores of 0, 2.5, or 5). Total scores 
cann range from 0 to 100 with higher scores indicating more active disease. 

Ann experienced physician provided a global assessment of disease activity as inactive 
diseasee (n= 33), mild (n= 16), moderate (n= 18), or severe disease activity (n= 4) based upon 
historyy and physical examination. This assessment was made before any laboratory values or 
PCDAII  scores were available. Patients who were rated by the physician as having inactive 
diseasee were called in remission, and those assigned mild, moderate or severe disease were 
calledd in relapse. The PCDAI was calculated independently from the physician global 
assessmentt by the researcher (HJL). According to recent recommendations5 a PCDAI value < 
155 was used to distinguish patients in remission from those not in remission. 

Thee study was approved by The Hospital for Sick Children Research Ethics Board. 

Dataa Analysis 

Sensitivityy and specificity of the six criticised items (three physical items and three 
laboratoryy items) to classify patients into remission or relapse were computed. In addition, 
likelihoodd ratios for an abnormal test result (LR+) and their 95% confidence intervals (CI) are 
presented.. The LR+ reflects the odds of an abnormal test result in a patient in relapse 
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comparedd to a patient in remission. It is computed by dividing the sensitivity by (1 minus 
specificity).. When the 95% CI of the LR+ includes unity, the test can be considered useless 
forr diagnostic purposes. 

Multivariatee logistic regression procedures were conducted to assess the independent 
discriminativee value for remission or relapse of the criticised physical examination and 
laboratoryy items. Initially, the scores of the non-criticised items, i.e. the three history items 
andd the physical items weight and abdomen, were summated and this score was called the 
basicc model. Next, the criticised physical and laboratory items were dichotomised into normal 
(score== 0) or abnormal (score> 0) and stepwise presented to the basic model. Within each step 
significantt discriminatory factors were selected with a forward selection strategy using the 
likelihoodd ratio statistic with p= 0.05 on the criterion level for selection. First, the criticised 
physicall  examination items were presented to the basic model, followed in the next step by 
thee laboratory items. Alternatively, this latter step was repeated with the combined effect of 
thee three laboratory variables summarised in one laboratory variable. This combined 
laboratoryy variable was dichotomised based upon maximum sensitivity and specificity. 

Tablee 1. 
Patientt characteristics. 
NN 71 
Sexx 43 boys (61%) 
Age:: mean <SD) 14.2 years (2.4) 
Extentt of disease: n 

Smalll  bowel only 23 
Smalll  and large bowel 36 
Largee bowel only 11 
Missingg 1 

Physiciann global assessment of disease activity: n 
(%)) 33 (46%) 

Remissionn 38 (54%) 
Relapse e 

PCDAII  score: median (range) 17.5(0-72.5) 
SD== standard deviation; PCDAI= Paediatric Crohn's Disease Activity Index. 

Thee effect sizes of the models were expressed as odds ratios (OR). The OR approximates 
howw much more likely (or unlikely) relapse is among patients with the characteristic of 
interestt than among patients without that characteristic. Calibration of the regression models 
wass assessed with the Hosmer-Lemeshow goodness-of-fit test.17 This test compares observed 
andd expected frequencies of the outcome in groups based on the values of the estimated 
probabilities,, using the logistic model. In this test, a high p-value indicates that the model is 
performingg well, i.e. that there is not a large discrepancy between observed and expected 
outcome. . 

71 1 



PartPart II Disease Activity 

Too display the discriminant ability of the regression models and the original PCDAI, 
receiverr operating characteristics (ROC) curves and the areas under these curves (AUC) with 
theirr 95% CI were produced.18 The AUC represents how well an index is at discriminating 
betweenn patients in remission versus those in relapse. An AUC of 0.50 means an index is not 
betterr than chance alone, whereas an index with an AUC approaching 1.0 indicates perfect 
discriminativee abilities of the index. AUCs of the different models were compared by the 
methodd of Hanley et al.,18 that corrects for the fact that the indices are not independent from 
eachh other since they are calculated with the same cases and partly include the same items. 

Al ll  analyses were performed using SPSS for Windows, version 10.1 (SPSS Inc., Chicago 
IL ,, USA). 

Tablee 2. 
Sensitivity,, specificity and likelihood ratios of the six criticised items. 

Item m 

Height t 

Peri-rectall  disease 

Extra-intestinall  disease 

Hematocrit t 

Erythrocytee sedimentation rate 

Albumin n 

Sensitivity y 

21% % 

32% % 

24% % 

55% % 

71% % 

45% % 

Specificity y 

88% % 

97% % 

97% % 

82% % 

64% % 

82% % 

LR++ (95% CI) 

1.8(0.6-5.3) ) 

10.7(0.6-18.1) ) 

8.0(1.1-60.3) ) 

3.0(1.4-6.6) ) 

2.0(1.2-3.3) ) 

2.5(1.1-5.6) ) 

Sensitivityy refers to the percentage of patients with a relapse correctly classified by the particular item. 
Specificityy refers to the percentage of patients in remission correctly classified by the item. 
LR+== likelihood ratio for a positive test result. LR+= 1 means that the test result does not add information about 
thee presence or absence of active disease. 

Results s 

Patientt demographics are depicted in Table 1. According to physician global assessment of 
diseasee activity, 33 of the 71 children (46%) were defined as being in remission. Sensitivity, 
specificityy and LR+ of the six criticised items of the PCDAI are summarised in Table 2. Apart 
fromm the ESR, the items appeared to contribute the most to the specificity of the index 
(rangingg from 82% to 97%), while their sensitivity is generally low (21% to 55%). For both 
heightt and peri-rectal disease, the 95% CI of the LR+ included unity, while it approached 
unityy for extra-intestinal disease and albumin. 

Tablee 3 shows the logistic regression procedures to assess the discriminative value of the 
criticisedd items of the PCDAI on top of the basic model. First, the OR for the basic model is 
presented.. In a second step, the three criticised physical items were offered. From these items, 
onlyy the presence of peri-rectal disease added significant diagnostic value to the basic index in 
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distinguishingg patients in remission from those in relapse (OR 20.8, 95% CI: 1.7-255.7). This 
modell  was named the clinical model. The clinical model consists of the three history items 
(abdominall  pain, number of liquid stools and general well being), and three physical 
examinationn items (weight loss, abdominal examination and peri-rectal disease). When the 
threee individual laboratory parameters were offered to the clinical model, none of these para-
meterss added significantly to this model. However, when in step 4 the laboratory parameters 
weree offered combined in one summary variable (dichotomised based on maximum 
sensitivityy and specificity with the cut off value of < 5, which represents no or one mild 
laboratoryy abnormality versus 2 and more abnormalities) the clinical model significantly 
improved,, with an OR for the laboratory summary variable of 10.6 (95% CI: 1.7-64.7). The 
Hosmer-Lemeshoww goodness-of-fit statistic indicated all models to be well calibrated, i.e. that 
theree were no large discrepancies between the outcome predicted by the models and the actual 
outcome. . 

ROCC curves in Figure 1 show the PCDAI to be closest to the upper left hand corner, 
denotingg the most accurate diagnostic tool to distinguish patients in remission from those in 
relapse,, with an AUC of 0.96 (95% CI: 0.92 - 0.99). The clinical model had a slightly lower 
AUCC of 0.93 (95%> CI: 0.89 - 0.99), which was not significantly different from the AUC of 
thee original PCDAI (p= 0.17). Adding the combined laboratory variable to this clinical model 
increasedd the AUC to 0.96 (95% CI: 0.92 - 0.99), which was not different from both the AUC 
off  the PCDAI and the clinical model. (Figure 1) 

Inn Table 4, the discriminative properties of the original PCDAI and the clinical model are 
listed.. A cut off score for discriminating patients in remission from those in relapse of the 
clinicall  index was calculated based upon maximum sensitivity and specificity. For the PCDAI 
thiss cut off value was proposed by Otley et al.5 at 15 points. For the clinical index, maximum 
sensitivityy (84%) and specificity (88%) was achieved at a value of 10 points. From Table 4 we 
cann appreciate that the clinical index misclassified one child as in remission while the PCDAI 
classifiedd the child as having a relapse, and similarly the clinical index classified one child as 
havingg a relapse while the PCDAI categorized the child as in remission. Therefore, 2 of the 71 
childrenn (3%) were incorrectly classified by the clinical index. Sensitivity and specificity of 
thee two indices differed only slightly, while the confidence intervals overlapped. 
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ChapterChapter 2.2 Critical assessment ofPCDAI items 

Tablee 4. 
Diagnosticc abilities of the PCDAI and the clinical index" 

PCDAI<15 5 
PCDAII  >15 
Clinicall  index <10 
Clinicall  index > 10 
Total l 

PGA: : 
inactive e 

30 0 
3 3 
29 9 
4 4 
33 3 

PGA: : 
mild/moderate/severe e 

5 5 
33 3 
6 6 
32 2 
38 8 

Total l 

35 5 
36 6 
35 5 
36 6 
71 1 

Sensitivity y 
(95%% CI) 

87% % 
(76-98) ) 

84% % 
(73-96) ) 

Specificity y 
(95%% CI) 

91% % 
(81-100) ) 

88% % 
(77-99) ) 

PGA== Physician global assessment; PCDAI= Paediatric Crohn's Disease Activity Index; CI= confidence 
interval. . 
aa The clinical index includes three history items and three physical examination items (weight, abdominal exam 
andd peri-rectal disease). 

1.00 0 

CO O 

c c 
CD D 

GO O 

Sourcee of the Curve 

-- PCDAI 

Clinicall index and combined lab 

Clinicall index 

AUCC = .50 

1.00 0 

11 - Specificity 

Figuree 1. 
Receiverr Operating Characteristics (ROC) curve of the original PCDAI, the clinical index, and the clinical index 
pluss the combined laboratory variable (dichotomised). The surface of the area under the curve (AUC) of the 
threee indices with 95% confidence intervals are: PCDAI 0.96 (0.92 -0.99), the clinical index 0.93 (0.89 - 0.99), 
andd the clinical index plus combined laboratory variable 0.96 (0.92 - 0.99). 
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Discussion n 

Thee present study is the first to critically examine the diagnostic value of three laboratory 
parameterss and three physical examination items included in the PCDAI. We provide 
evidencee for the exclusion of these laboratory tests and two of the physical examination items 
fromm this disease activity instrument without significant loss of discriminative capacity. The 
proposedd simplified PCDAI, the so called clinical index, is both more comfortable for the 
patient,, and easier to complete by the physician. Furthermore, it is potentially more 
responsivee to short term change, since it only includes those items likely to change over the 
shortt run. 

Inn clinical trials, the use of a validated disease activity index is compulsory to assess the 
effectt of the treatment under study. Many recent trials in paediatric Crohn's disease use the 
PCDAII  for this purpose.2'19"21 However, many researchers express difficulties with the 
PCDAII  as the instrument to use (personal communication). Most of these difficulties are 
relatedd to the inclusion of the laboratory parameters in the index, which limit the number of 
activityy assessments from an ethical perspective. Although they do not describe the reason, 
Markowitzz et al. in their recent trial use the HBI as primary disease activity assessment, 
althoughh the PCDAI was calculated at the time of randomisation. This exemplifies the lack of 
feasibilityy of the instrument. 

Thee medical profession is moving towards evidence-based medicine. Currents in reporting 
andd interpretation of clinical studies tend to deviate away from conventional arbitrary 
significancee levels of p values towards allowing the reader to decide himself which effect is 
clinicallyy relevant for his patients. Choices depending upon the risks and benefits of treatment 
differr from patient to patient and from clinician to clinician. In the present context one could 
beforehandd decide upon the minimal value of the OR of laboratory parameters for the 
diagnosiss of disease activity one finds necessary, to outweigh the (psychological) "risk" of a 
bloodd sampling procedure for the child. For example, an OR of 5.0 for the combined 
laboratoryy parameters roughly means it increases the probability of a patient having a relapse 
fivee times when this variable is abnormal compared to when it is normal. Thus, one could 
decidee that analyses should show the lower border of the 95% CI for the OR for the laboratory 
parameterss to be at least 5.0 to justify drawing blood in order to obtain additional information 
forr diagnosing the disease activity of one's patient. Adding this combined laboratory variable 
too our regression models resulted in an OR of 10.6, however the confidence interval was 
large,, ranging from 1.7 to 64.7. This was largely due to our small patient sample. The 
cliniciann from our example would have to decide whether this result provides sufficient 
evidencee to stop drawing blood for diagnostic purposes. This decision should, however, also 
bee based upon the discriminative properties of the whole index. 
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Whenn we compare ROC curves and AUCs of the index with and without the combined 
laboratoryy variable, differences are small, and it cannot be ruled out that they are in fact of the 
samee magnitude. Although our results should be confirmed in larger studies, resulting in 
smallerr confidence intervals, we feel they provide strong support that these laboratory para-
meterss could be excluded without loss of discriminative properties of the disease activity 
index.. However, for the monitoring of specific treatment effects and, more importantly, side 
effectss of medications, blood parameters remain important outside the context of a disease 
activityy index. 

Theree is no true standard to judge disease activity in CD. One apparent drawback of the 
presentt study therefore is the relation of the "gold" standard used (physician global 
assessmentt based upon history and physical examination) to the instrument under study (the 
PCDAI,, which includes history and physical examination). Ideally, these two should be 
unrelated.. However, since there is no gold standard, clinical studies can only rely upon this 
surrogatee "bronze" standard. An important reason why many clinicians favour the inclusion of 
thee laboratory parameters into an activity index is because it increases the feeling of including 
somethingg "objective" into an otherwise "subjective" scoring card. The current study shows 
thatt none of the laboratory parameters individually improves the diagnostic performance of 
thee subjective part of the index to correctly classify patients into being in remission or having 
aa relapse. Only in a combined form did they contribute, though only slightly, to the 
discriminationn of disease activity of patients. 

Anotherr problem of this study, which might impede generalization of the results onto other 
settings,, is the high prevalence of patients in relapse, a finding uncommon for a general 
outpatientt IBD clinic. Out of ethical considerations, we chose to include only those children 
forr whom laboratory parameters were assessed for clinical purposes. Inevitably, a number of 
childrenn in remission were therefore not included in our study. On the other hand, for analyses 
comparingg the diagnostic properties of two indices, an ideal distribution of well and affected 
patientss would be 50%. In our case this was achieved. 

Inn 1980, Harvey and Bradshaw developed a simple index to evaluate disease activity in 
adultt patients with CD, which consisted of three history items (general well being, abdominal 
painn and number of stools) and two physical examination items (abdominal mass and 
complicationss including peri-rectal disease).23 Its scoring algorithm was subsequently 
modifiedd upon a large patient sample,24 and resulted in a varying three to five point scoring 
scalee for the items. This modified index has been used extensively in studies with adult 
patientss with CD. It has, however, been criticised because of its high reliance upon subjective 
parameterss of disease activity and its inspecificity for use in children.1 In our study, the 
clinicall  index, based on a large paediatric patient sample and quantitative analyses, showed to 
bee surprisingly similar to the modified HBI. Weight is the only item not included in the HBI, 
whichh is clinically very relevant to children with Crohn's disease. If this variable were added 
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too the HBI, we feel this index could prove comparable validity to the clinical PCDAI index 
forr use in children with CD, and possibly higher responsiveness to change. 

Inn summary, this is the first attempt to assess the value of individual items of the PCDAI 
thatt have been criticised by frequent users and researchers in the field. We conclude that the 
exclusionn of the physical items height and extra-intestinal manifestations of disease, and the 
exclusionn of three laboratory items, is justified based upon the discriminative properties of the 
instrument.. The proposed clinical index shows comparable content to the modified HBI, with 
thee exception of weight loss, which is not included in the HBI. Because the scoring of 
individuall  items on the PCDAI, which has three scoring levels, is at some points different 
fromm the HBI, which has three to five scoring levels, these two indices cannot be used 
interchangeablyy but rather should be compared in a future study in children. Furthermore, we 
speculatee that the proposed clinical index is potentially more responsive to short term changes 
inn disease activity, however the present study does not support this statement and we propose 
thiss should be the objective of future longitudinal studies. 
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