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ABSTRACT:

Objective. To assess inter- and intra-observer agreement in the detection of

lymphadenopathy on chest radiography in children at risk for tuberculosis.

Methods

Diagnostic test. Chest radiography using antero-posterior and lateral films.
Observers. Four paediatric pulmonologists independently viewing the radiographs.
Main outcome measures. Inter- and intra-observer agrecment on the presence or
absence of lymphadenopathy, reported as present, absent or equivocal, and expressed

as weighted Kappa statistics.

Results. Weighted Kappa for the six pairs of observers ranged from 0.14 (95% ClI

0.02-0.30) 10 0.52 (95% C1 0.35-0.69). After a 3-month interval intra-observer

agreement ranged from 0.44 (95% C10.25-0.62) to 0.71 (95% CI 0.56-0.87). Average

weighted Kappa for inter-observer agreement was 0.33. Average intra-observer Kappa

was (1.55.

Conclusions. There was “fair”™ inter- and ‘moderate” intra-observer agreement among
paediatric pulmonologists in detecting lymphadenopathy on chest radiography in
children. Caution is necessary when basing clinical decisions on the presence of

lymphadenopathy on chest radiography.
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CHAPTER 1: INTRODUCTION

The Mycobacterium tuberculosis (MTB) organism is a slow growing aerobic
pleomorphic rod characterised by acid fast staining, an inability to produce pigment
and a complex lipid and protein cell wall. The organism can be identified by Zichl-
Neelsen staining, Lowenstein Jensen medium culture and by Polymerase Chain
Reaction techniques. Despite the availability of the Bacillus Calmette-Guerin
Vaccine, effective antibiotics and the recent mapping of the tuberculous genome,
tuberculosis remains responsible for substantial morbidity and mortality, particularly

in the developing world. (Starke et al 1992, Cole 1998)

Tuberculous (T'B) infection in humans occurs predominantly by inhalation of air
borne bacilli, which lodge in the pulmonary acinus to set up a chain of potentially
devastating reactions in the host. (Riley1959).

[. The initial host response may be to completely kill all M tuberculosis bacilli,

eliminating the infection;

(&)

The organism can begin to multiply soon after infection, causing clinical
disease known as primary tuberculosis. A hallmark of this form of disease is
enfargement of regional lymph nodes;

3. Primary tuberculosis does not always follow a self-terminating course, but can
develop into progressive primary TB characterised by rapid endargement of the
primary lung focus, erosion into the bronchial tree and consequent satellite

lung lesions. These highly active lesions may lead to miliary dissemination.



4. Bacilli may thereafter become dormant, a state known as larent infection.
Approximately onc third of the world’s population has latent tuberculosis.
(Raviglione et al 1995)

5. The latent organisms can again become active and cause disease, known as

regotivation tubercitlosis.

All these potential disease outcomes may be associated with chest radiograph
lindings, so strong reliance is often placed on chest radiography (Coulter 1992).
However, between 10-43% of children with confirmed tuberculosis will have a
normal chest radiograph. (Merino 2001, Zarabi et al 1971). Mediastinal
lymphadenopathy is regarded as the radiological hallmark of primary tuberculosis
(Lamont et al 1992, Cremin 1995) Children are at increased risk of disseminated
wberculosis with potentially devastating clinical sequele. As radiographic features
suggestive of primary tuberculosis may precede extra-pulmonary dissemination, the
accurale interpretation of radiographic features such as mediastinal adenopathy is
important to ensure early therapy and prevention of dissemination. Enlarged
mediastinal lymphnodes may however be detected when using contrasted CT in 60%

of children with TB infection who have a ‘normal’ chest radiograph. (Delacort 1993)

Most children undergoing primary infection have few, it any, disease specific
symptoms. (Starke 1993) They may complain of non-specific symptoms such as
fassitude and anorexia in combination with poor weight gain, These clinical features
are non-specitic among children, especially among children in developing countries
who are frequently exposed to recurrent nutritional and infectious insults. (De Ouis et

al 1997)



1.1 Incidence of TB:

Tuberculosis currently affects more than 20% of the world’s population. Every year
there are 8-10 million new cases of and 3-5 million deaths attributable to tuberculosis.
{Centre for Disease Control 1989) Tuberculosis is particularly a problem in
developing countries, where 95% of cases occur. (Murray et al 1996). The WHO is
especially concerned about the high incidence of tuberculosis among children. (Bloom
ctal 1992) There are 1.3 million discased children under the age of 15 years and 450
000 die annually. These children, infected by adults, represent a reservoir [rom which
[uture generations will be afflicted (Snider Jr et al, Roper 1992, Ehlers 1993)

The burden of tuberculosis is being exacerbated by the HIV epidemic, as HIV
infection has been shown to be the biggest risk factor for tuberculosis. In the absence
ol HIV infection, the risk of someone developing TB is relatively low (10% lifetime
risk), but for individuals co-infected with HI'V the reactivation risk increases to a 109%
annual risk. (Ellner et al.1993). In the context of an established tuberculosis epidemic
and the associated risk posed by the HIV/AIDS epidemic, health care workers can
anticipate being more frequently faced with the sometimes-difficult diagnosis of

tuberculosis.

1.2 Diagnostic challenges in children with pulmonary tuberculosis:

Tuberculosis is difficult to diagnose in children because of the non-specific symptoms
and infrequent isolation of organisms. Although tuberculosis has a propensity for
extrapulmonary disease in children, pulmonary tuberculosis is the most common
manifestation. (Snider DE. 1988) The finding of acid fast bacilli (AFB) in a sputum

smear Is strong presumptive evidence of TB, but a definitive diagnosis is made only



on results of polymerase chain reaction (PCR) identification of M. tuberculosis or a
sputum culture. Both these investigations (PCR and AFB culture) are infrequently
available in developing countries, and the time delay required for sputum cultare
(approximalely 3 weeks) is frequently a logistical challenge. Younger children are
also unable to spontancously produce adequate sputum samples. Induced sputum may
also be obtained by nasopharyngeal aspiration after hypertonic saline nebulisation and
cough induction. These techniques of post induction-sputum collection can
considerably improve the diagnostic accuracy of pulmonary tuberculosis, but do
require clinical and faboratory expertise. (Zahrani et al 2001). Despite the advent of
sophisticated invasive diagnostic lools, such as the flexible fibreoptic bronchoscope,
the yield of AFB’s remains low and bacteriological confirmation 1s not significantly
aided. (Bibi et al. 2002) Sputum gathering, after nebulisation and cough induction,
poses a potentially serious infective risk to the attending health care worker collecting
the specimen particularly in the era of drug resistant tuberculosis. In contrast with
adults who characteristically present with “open” cavitatory lung lesions associated
with tuberculosis reactivation, children infrequently produce AFB in a sputum smear.
AFB staining of sputum from adults with pulmonary TB may be positive in up (o
75%, but even within secondary and tertiary care institutions; the diagnosis of
tuberculosis can be confirmed in only 30-40% of children with tuberculosis. (Strumpf

ctal. 1979, Lipsky et al. 1984, Starke et al. 1988, Schaaf 1995)

The tuberculin skin test using purified protein derivative (PPD), although fur from
definitive, is an essential adjunct to the diagnosis of tnberculosis. The correct
intradermal administration and interpretation of the reaction elicited by the PPD on

the volar surface of the forearm, is not without problems. Reactions can be difficult to



interpret in children who have received BCG vaccination. There are also numerous
potential causes of false negative PPD tests, particularly as a result of a break in the
cold chain, incorrect technique or immuno-suppression. Children in developing
countries are commonly undernourished, and the incidence of HIV/AIDS and/or
overwhelming M tuberculosis infection is rising. These insults are all known to be
acquired causes of impaired cell mediated immunity, increasing the potential of

subsequent false negative PPD resulls.

1.3 The importance of the presence of mediastinal lymphadenopathy on chest
radiography as a diagnostic feature for the diagnosis of tuberculosis:
Considering the constraints of the readily available tuberculosis diagnostic
investigations, it is understandable that strong reliance is often placed on chest
radiograph signs. Radiographic features associated with pulmonary TB on chest
radiography vary, but radiographs characteristic of primary tuberculosis usually show
enlargement of hilar, mediastinal, or subcarinal lymph nodes and lung parenchymal
changes. These radiographic changes are caused by a combination of lung disease and
the mechanical changes induced by partial or complete airway obstruction resulting

from enlarging intra-thoracic nodes. (Schaaf 1995, Parisi 1994)

The appearance of chest radiographs in children differs from those of adult chest
radiographs. The differences may be due to both technical and anatomical factors.
Most children less than five years of age will have a chest radiograph taken in the
suspended Anterior-Posterior view, as opposed to that of older children and adults
who co-operatively stand with splayed shoulders, for a Posterior-Anterior view. More

important is the frequent anterior mediastinal opacification created by the thymus,



which involutes with age. If present, the thymus may obscure the presence of
mediastinal lymphnodes. The superior mediastinum is also wider relative to the
thoracic cage in infants, as opposed to that of older children and adults, thereby
allowing a cardiothoracic ratio of »50% as normal. In addition, normal anatomical
structures may also complicate the interpretation of mediastinal adenopathy; for
example, deviation of the trachea 1o the right is considered abnormal in adults but is
frequently seen in normal infants, , especially in expiratory films. The pulmonary
vasculature may also create superimposed mediastinal findings, in particular the

descending branch of the right pulmonary artery. (Grzybowski 1954)

There are numerous diagnostic scoring systems for childhood tuberculosis, all of
which include chest radiograph lindings among the criteria needed to suspect or

conlirm a diagnosis of pulmonary tubercalosis. (Migliort et al. 1992, Osborn 1995,

Donald 1991, World Health Organisation. 1983. Table 1.1) A broadly used diagnostic

scoring system is that of the WHO, which includes a “suggestive appearance on chest

radiograph™ as one of four criteria for probable tuberculosis (World Health

Organisation. 1983)
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TABLE 1.1: DIAGNOSTIC SCORING SYSTEMS FOR CHILDHOOD

TUBERCULOSIS

1.1.1 World Health Organisation provisional suidelines for the diagnosis of

pulmonary tuberculosis in children. (World Health Organisation. 1983)

Suspected tuberculosis

An il child

* with a history ol contact with a confirmed case of pulmonary tuberculosis

Any Child

¢ Not regaining normal health after measles or whooping cough

*  With loss of weight, cough and wheeze not responding to antibiotic therapy for
respiratory disease

*  With painless swelling in a group of superficial nodes

Probable tuberculosis

A suspected case and any of the following:

*  Positive (>10mm) induration on tuberculin testing

* Suggestive appearance on chest radiograph

*  Suggestive histological appearance of biopsy material

* Favourable response to specific anti-tuberculous therapy

Confirmed tuberculosis

¢ Detection by microscopy or culture of tubercle bacilli from secretions or tissues.

* ldentification of tubercle bacilli as M tuberculosis by culture characteristics



1.1.2 A set of criteria for the diaenosis of pulmonary tuberculosis{TB) in children

when culture is not available, (Migliori et al 1992)

Positive acid-fast stain of sputum or gastric aspirate
Or

Two or more of the following;:
* History of contact with a tuberculous positive adult
*  Cough lasting longer than 2 weeks
¢ A reactive tuberculin test

= 10mm in children without prior BCG vaccination

= 15mm in children with prior BCG vaccination
* Radiographic findings compatible with T
*  Response to anti TB therapy (increased body weight by 10% after 2 months,

decrease in symptoms)

1.1.3 Diagnoslic pathways for children with suspected tuberculosis: (Osborn 1995)

Suspected tuberculosis:

1 child + suggestive history
+/- suggestive physical examination
+/- contact with a case of pulmonary tuberculosis

Conlirmed tuberculosis:

Mtuberculosis smear/culture positive disease

Probuble Tuberculosis:

Suggestive chest radiograph
Positive tuberculin test

Suggestive histology



None of the above mentioned diagnostic scoring systems have been validated. A
prospective evaluation of the WHO criteria, as compared with expert opinion,
revealed a 63% positive predictive value (PPV) of three of five probable WHO

criteria. (Houwert et al 1998)

The radiographic features required by these diagnostic scoring systems are generally

3% 46

non-specific e.g. “suggestive appearance on chest radiography” “radiographic
lindings compatible with tuberculosis” and “suggestive chest radiograph”
respectively. The validity and reliability of the detection of radiographic

lymphadenopathy, as a key feature of childhood tuberculosis, is thus of central

importance.

1.4 Specific literature search (Detailed in Appendix 1)

A search of the MEDLINE, LILACS databases and the African Health Anthology was
performed in March 2002, using the search strategy described in Appendix 1. This
strategy failed to to identify any studies of either validity or observer variation in the
detection of lymphadenopathy on chest radiography in adults or children. Expert
opinion and a further search making use of the OVID database (strategy as in
Appendix 1) identified two studies which introduce the concept of inter and intra-
observer variation when viewing chest radiographs. However, neither study is
performed among children or in populations at increased risk of tuberculosis, nor is
use made of both an AP and tateral chest radiograph. In addition, neither study reports
specifically on the presence or absence of mediastinal adenopathy. (Garland 1949,

Yerushalmy J et al 1950)
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CHAPTER 2: METHODS

2.1 Objectives:

This study was performed to measure inter- and intra-observer agreement in the
detection of lymphadenopathy on chest radiography in children at risk for
tuberculosis.

2.2 Study population and setting:

This study was performed at the Red Cross Children’s Hospital (RCCH) in the
Western Cape Province of South Africa. This province had a tuberculosis incidence of
468 cases per 100 000 population per annum in 1998, which is one of the highest in
the world (Epidemiological Comments 1999). Radiographs of children with
pulmonary tuberculosis have many features in common with those of children with
non-tuberculous pneumonia, with few recognised distinguishing features of
tuberculosis other than lymphadenopathy. Therefore radiographs of children with a
diagnosis of either pulmonary tuberculosis or pneumonia were studied. The aim was
not to recruit children with known tuberculosis and controls without tuberculosis, but
rather to assemble a representative spectrum ol radiographs from a clinical setting in
which tuberculosis was part of the diffcrential diagnosis. This group represents the
population in whom the detection of lymphadenopathy usually needs to be performed
in actual practice. Children discharged or transferred from the short-stay ward at
RCCH from 1 January 1996 to 31 December 1998 with a diagnosis of pulmonary
tuberculosis or pneumonia were identified from the hospital’s routine clectronic
database. In order to assemble a sample with a statistically efficient prevalence ot

lymphadenopathy, random samples were selected of 60 patients with a diagnosis of
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tuberculosis and 40 with a diagnosis of pneumonia. Selection was random, using
computer generated lists of random numbers and separale sampling frames of all
patients discharged during the study period with a diagnosis of tuberculosis or
pneumonia. These diagnoses were made by the attending physicians in the overnight
ward of the RCCH, and were assigned [CD-9 codes at the time of discharge. Codes
used; pneumonia 486, tuberculosis 011,9 (WHO 1983). Radiographs were included if
both a lateral and antero-posterior radiograph were available from that admission, and
i the radiograph quality was deemed technically suitable to allow for fair
interpretation, The study co-ordinator was the sole judge of technical quality. These
paticnt details on the electronic database were confirmed from the ward discharge
register, in which the ward clerk had recorded the date, diagnosis at time of discharge
Irom the short stay ward and destination after discharge. The scarch commenced in
1998 (as study initially commenced in 1999) and continued backwards in time by
completed year until the required number of films were retrieved. Care was taken to
locate all films, regardless of the health facility to which they had been discharged.
This was done to reduce selection bias, as the films stored at RCCH would more
likely represent those children requiring tertiary level medical lacilities with
clinically, and by implication radiologically, more severe discase. Had only these
[ilms been included, the saumple may have been biased towards chest radiographs with
more obvious features of pulmonary tuberculosis.

2.3 Observers:

Four pacdiatric pulmonologists attached to RCCH interpreted the radiographs. These
obscrvers were experienced qualified paediatric pulmonologists with extensive
clinical experience gained from daily clinical practice among children with chest

discase who reside in an area with a high incidence of tuberculosis.



2.4 Viewing of radiographs:

Each observer independently viewed all of the 100 films in random order.
Radiographs were labelled from one to 100 and the viewing sequence was assigned
using a computer-generated list of random numbers. (Appendix 2) No clinical
information was provided other than that the radiographs were from a random sample
of patients who had been admitted (o the overnight ward with chest disease. The
observers categorised lymphadenopathy as present, absent or equivocal. The same
observers viewed the films again in different random order. A 3-month interval was
allowed for between viewing in order to minimise recall bias. Viewing occurred in
batches of 50 to avoid observer fatigue. No time constraints were applied when
viewing radiographs and, in order to optimisc observer independence, no criteria for

the presence of lymphadenopathy were prescribed.

In an attempt to identity the criteria (or lack thercot) used by the observers, they were
cach informally requested to complele a questionnaire at the end of the study.
(Appendix 4) The following two questions were posed:

Q1) What criteria (if any) do you use when corning to a decision concerning the
presence or absence of mediastinal lymphnodes on chest radiographs?

(J2) What is your opinion concerning the value of a lateral chest radiograph in
addition to the AP radiograph when viewing tor mediastinal lymphadenopathy

2.5 Analysis

Agreement between individual observers and within each observer were expressed as
weighted kappa statistics (Fleiss 1981). Kappa is a measure of the degree of inter-rater
agreement, over and above that expected by chance. [t has a maximum value of 1,

indicating complete agreement. A Kappa of zero means that agreement is no better

12



than if it were due solely to chance; a positive value means that the observed
agreement is greater than would be expected by chance alone. The minimum Kappa
value is -1, indicating complete disagreement. A weight of 1 was given to complete
agreement, (1.5 to discrepancies of one category, and 0 for discrepancies of two

categories.

Weighted kappa takes into account the degree of disagreement. Becausc the
calegories ‘yes’, “equivocal” and ‘no’ are ordered, all disagreements are not equally
severe — for example, a “yes-no” disagreement is more severe than an “cquivocal-yes”
disagreement, and has different clinical implications. The use of the weighted kappa
statistic allowed observers Lo equivocate on the presence or absence of mediastinal
adenopathy, thereby more closely simulating the normal clinical setting, particularly
in this sample of films which included those of children diagnosed with pneunionia,
from which tuberculosis must be dillerentiated. Kappa statistics for agreement
between individual observers and within each observer were computed. Calculations
were performed with Microsoft Excel 5.0™ and multidimensional scaling was
performed using Statistica 5.5™. The estimate of target sample size was based on the
assumption of two observers, Kappa of 0.60, a 50% prevalence of nodes and the
absence of an equivocal category. One hundred cases would have given a 95% Cl of
0.4-0.80, fifty cases a 95% CI of 0,32-0.88 (loo wide to be meaningful) and two
hundred cases a 95% CI of .46-0.74. We did not think that the refatively small
increase in precision justified the extra effort, and a sufficient number of radiographs

may not have been accessible.



CHAPTER 3: RESULTS

3.1 Total number of patients screened

Reasons for the exclusion of radiographs were; those radiographs lost or destroyed by

the hospital or clinic, unavailability of both an AP and lateral radiograph in the

retrieved radiograph packet, and inadequate technical radiograph quality. In addition,

many patients identified through the medical informatics database could not be

reconciled with the ward admission and discharge register and were therefore not

included.

Table 3.1 Analysis of radiograph inclusion.

ICD 9 Coding Pulmonary Tuberculosis | Pneumonia

(1996-1998) (011,9) (486)
Number on database 116 2977
Number randomly selected All selected 171

Number found 90 {71
‘Number of acceptable quality | 60 150
“Number included 60 40




Of the 10U children whose radiographs were studied, 56 were male and 44 female.
Their median age was 22 months with a range of 1-month to 11 vears.
Forty-nine were discharged home from the overnight ward and the other 51 referred

for further hospital care.

Figure 3.1 Age of patients at time of Chest Radiograph

Age of patients al time of Chest Radiograph

Number of

patients

84-95
96-107
108-119
120-131
132-143

Age in months



3.2 Summary of observer responses

Al the first viewing lymphadenopathy was reported as present in 18.5% of cases,

absent in 61.5% and equivocal in 20%. Proportions at second viewing were 17.25%,

(3.75% and 19% respectively.

Table 3.2 Proportions of responses from individual observers,

3.2.1 Observer Al

. = o
Viewing 7 g %
8 o bl
& e
Decision | Yes | 14% | 14% | 14%
Decision |Equivi 16% | 16%  16%
Decision | No | 70% | 0% | 70%
3.2.2 Observer B.
* . “c "
Viewing 7 = 5
=18 |2
A P2
Decision | Yes | 17% | 19% 18%
Decision | Equiv | 28% | 35% | 31.5%
Decision | No | 55% | 46% | 50.5%

{6



3.2.3 Observer C

o .
ewi = = =
Viewing z g 5

(& D

A =

Decision | Yes | 21% | 24% | 22.5%
Decision |Equivy 8% | 5% 6.5%
Decision | No | 71% | 71% 71%
3.2.4 Observer D
ewi -
Viewing iz g 5

o™ Ea,.; 2
Decision | Yes | 22% 12% 17%
Decision |Equiv| 28% | 20% | 24%
Decision | No 50% 68% | 59%




Table 3.3 Summary of distribution of responses (%) from individual obscrver at first

and sccond viewings.

- Observer A B C D
L "3 " g !
Viewing 7 g 7 5 @ E Z 5 Overall %

= o i o i o o 2

A A 75 A
Decision 14 14 17 19 21 24 22 12 17.8
Decision i6 16 28 35 8 5 28 20 19.5
Decision 70 70 55 46 71 71 50 68 62.62

Table 3.4 Pooled observer resulis (Observer A+B+C+D)

Combined observer resulis

First viewing

Combined observer results

Second viewing

Yes 74 18.5% 69 17.25%
Fquivocal 80 20% 76 19%

No 246 61.5% 255 63.75%
Total 400 100% a00 | 100%




Table 3.5: Intler- and intra-observer asreement weighted kappa’s

Inter-observer agreement Intra-observer agreement
Kappa | 95% CI Kappa | 95% CI
Average Kappa 0.21 0.15-0.27
“Observer pairs A-B 0.19 0.04-0.35 | Observer A | 0.58 0.41-0.74
A-C 1052 0.35-0.69 B 1071 0.56-0.87
A-D 037 0.22-0.52 C|0.44 0.25-0.62
B-C |0.14 -0.02-0.30 D[ 0.47 0.32-0.62
B-D | 0.39 0.23-0.54
C-D | 036 0.2-0.51

Table 3.6 Observers risk profiles.

“Observer Proportion of ‘equivocal’ responses in rank | Intra-observer variation
order Kappa value
C 6.5% (95% CI 3.5 to 10.9%) 0.44
A 16% (95% CI 10.9 to 21.1%) 0.58
D 24% (95% CI 18.1 10 29.9%) .47
B 31.5% (95%C1 25.1 10 37.9%) 0.71
O EE

The Spearman rank order correlation co-efficient is 0.80 (p=0.20). Although this

correlation co-clficient is high, the p value indicates that it could quite casily be due to

chance.
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Figure 3.1 represents a multidimensional scaling of the Kappa values, which form a

similarity matrix. The aim of multidimensional scaling is to find a configuration of the

points in 2 dimensions that best approximates the observed similarities. This
facilitates visual interpretation of the data. The distances between the plotied points
represents the observed distances. Therefore points close together represent close
agreement between raters. The points are well represented in 2 dimensions, with a

stress of §.04,

for each of the 4 viewers, the subscript represents the first and second viewing
sessions. [t is striking that there is not much difference between the intra and inter
observer Kappa’s. The plot also demonstrates that there is no clear trend between the

2 sessions for greater consensus amongst the viewers.
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Pair A-B (Kappa 0.19 C1 (.04-0.35)

Observer A
Yes Equiv No
Yes 5 2 10
Observer B Equiv 5 6 17
No 4 8 43
Pair A-C (Kappa 0.52 CI 0.35-0.69)
h Observer A
Yes Equiv No
Yes 12 3 6
Observer C Equiv I 1l S B
No 1 2 59
Pair A-D (Kappa 0.37 C1 0.22-0.52)
Observer A
Yes Equiv No
Yes 10 S 6
Observer D Equiv 10 5 6
No 1 6 a3

b3




Pair B-C (Kappa 0.37 C1 0.22-0.52)

Observer B
- e Ves Bquiv NG
Yes 7 5 9
Observer C | Equiv 2 I 5 h
No 8 22 4l
Pair B-D (Kappa 0.39 CI 0.23-0.54)
Obscrver B )
Yes Equiv No
Yes Y 8 5
Observer I B i iy
No 2 10 38
Pair C-D (Kappa 0.36 CLO.2-051)
- - Observer C )
- Yes “ Gquiv | No
Yes 12 2 8
Observer D Equiv 3 2 20
No 4 3 43

]
b




[nter- and intra-observer agreement is shown in the Table. Weighted Kappa for the six

pairs of observers ranged from 0.14 (95% C1 0.02-0.30) to 0.52 (95% C1 0.35-0.69)

and for intra-observer agreement from .44 (95% CIL0.25-0.62) to 0.71 (95% CI1 0.56-

(1.87). Average weighted Kappa for inter-observer agreement was 0.33. Average infra-

observer Kappa was 0.55.

Kappa scores can also be compuled from the perspective of the response (Altman DG

1991). These measures are not weighted. Kappa was 0.40 (95% CI 0.32 to 0.48) lor

the presence of mediastinal lymphadenopathy, 0.28 (95% C1 0.20 to 0.36) for its

absence and 0.03 (95% CI -0.05 to 0.11) for equivocal viewings.

Table 3.7 Intra-observer agreement

Kappa 95% C1
Observer A 0.58 (.41-0.74
B 0.71 0.56-0.87
- cC 044 0250062
D 0.47 032-0.62

Table 3.8 Number of cases with unanimous decisions

Answer Cutcgory Yes Equivocal No
First Viewing 5 0 29
Second Viewing 2 0 29
Combined Viewing 12 0 19




CHAPTER 4: DISCUSSION

4.1 Validity of the findings

A strength of this study is that the sample was of a clinically meaninglul spectrum of
patients. This is important because a sclection of patients known either to have or not
have the condition of interest has been shown empirically (o be the most important
source of bias in studies of diagnostic validity, leading to an overestimate of
agreement because the more difticult borderline cases have been screened out.
(Lijmer 1999) The lack of such a clinically meaningful sample has been described as
the key limitation of most diagnostic studies. (Hernandez-Aguado 2002) Although no
cempirical data are available for studies of observer agreement, it appears likely that
issues that apply to studies of validity in this respect will also apply to those of

agreement,

A limitation of the study is the retrospective x-ray collection. This required reliance
on diagnostic coding rather than on a defined clinical presentation to identily x-rays.
Random sclection of patients from sampling frames including all children with a
diagnosis ol either tuberculosis or pneumonia should have produced a meaningful
spectrum of patients with the two diagnoses. Prospective identification of children
with a defined clinical presentation was not feasible within the time and resource

constraints of this project. Although the collection of the films was retrospective (and

could have lost some representativeness because of missing films), the measurement



of agreement was prospective and under controlled conditions. We could thus ensure

independent viewing by the observers and blinding to clinical details.

The prevalence of lymphadenopathy in the sample appears representative of that in
childhood tuberculosis in general. Given an approximate 50% prevalence of
radiographic lymphadenopathy in childhood tuberculosis (Merino 2001, Zarabi et al
1971), and a 60% prevalence of tuberculosis in our sample, 30% of films in our
sample would be expecled to show lymphadenopathy. The observed 18% with
lymphadenopathy plus 20% equivocal {ilms is compatible with the expected

prevalence.

4.2 Meaning of the findings

Average Kappa for inter-observer agreement was 0.33, with that for individual viewer
pairs ranging from 0.14 to 0.52. Observer agrecment has been categorised as “shight”
il Kappa<0.20, “fair” if Kappa is 0.21-0.40, “moderate” from 0.41-0.60), “substantial ”
from 0.61-0.80 and “almost perfect ” from 0.81- 1.0 (Sackett 1991). Inter-observer
agreement in this study was thus "fair” (on average 0.33). The use of weighted Kappa
resulted in higher measures of agreement than if unweighted Kappa had been used.
This level of inter-observer agreement is nevertheless lower than that reported for
other chest radiographic features of respiratory infection in children; for example,
unweighted Kappas of 0.43 to 0.55 for bronchial wall thickening, 0.46 to 0.79 for

consolidation or pneumonia and 0.78 to (.83 for hyperinflation. (Swingler 2001).

As expecled intra-observer agreement was higher than inter-observer agreement but

was mostly "moderate”, ranging from (.44 to 0.71.

S
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There was greater agreement on the presence of lymphadenopathy (0.40) than its
absence (0.28). This finding is difficult to interpret with confidence bul the greater
uncertainty in excluding lymphadenopathy could be due to difficulties in
distinguishing normal radiological structures from abnormal lymph nodes.

When accessing overall agreement by all four viewers on both occasions nincieen
radiographs were reported as ‘No’, two as “Yes” and none as ‘Equivocal’. However
even if consensus were (o be reached for a decision, in the absence of a reference

standard, it is impossible 1o know if this was indeed the correct decision.

This study addressed only the repeatability of the observations and not the validity
{sensitivity and specificity) of the detection of lymphadenopathy. No reference
standard Tor the presence of mediastinal lymphadenopthy was used, so it was not
possible 10 assess whether some observers’ assessments were correct (valid) or
whether all observers were incorrect. The poor inter-observer and only moderate
intra-observer agreement however suggests low validity, on average. Assessment of
validity would have required prospective patient enrolment and the use of a credible
reference standard such as contrast-enhanced computerised tomography (Cremin
1995, Kuhn 1993). This was not feasible within the time and resource constraints of

this project.

This study does not directly address the diagnosis of tuberculosis itself. The primary
focus of the study was to measure inter- and intra-observer agreement in the detection
of mediastinal lymphadenopathy on chest radiography in children at risk for

tuberculosis. Although lymphadenopathy is an important element in the diagnosis of



tuberculosis in children, it is not sufficient in itself to diagnose or exclude
tuberculosis. This limitation reflects an important difficulty in the assessment of all
diagnostic tests for tuberculosis, that is, the difficulty in establishing a reference
standard for tuberculosis. Bacterial culture is the most credible reference standard, bul
even within secondary and tertiary care institutions; the diagnosis of tuberculosis can
be confirmed in only 30-40% of children with tuberculosis. (Strumpf et al. 1979,
Lipsky et al. 1984, Starke et al. 1988, Schaaf 1995). Many other children with
tuberculosis have a diagnosis made presumptively, usually including the use of chest
radiography. Usc of such reference standards (without microbiological diagnosis)
would result in an overestimate of the accuracy of lymphadenopathy for diagnosing
tuberculosis, because the reference standard is partially determined by the assessed

presence of lymphadenopathy on chest radiography.

This study does also not address the additional diagnostic value provided by adding a
lateral chest radiograph to the standard anterior-posterior chest radiograph, when
viewing for mediastinal lymphadenopathy. Some paediatric radiology texts highlight
the value of the lateral chest radiograph when assessing the mediastinal anatomical
regions. (Burton E 1999, Cremin 1995, Calfey 1993) In this study the four examiners
participating in this study had varying opinions concerning the value the lateral chest
radiograph when viewing for mediastinal lymphadenopathy. (Appendix 5) Lateral
chest radiographs have been found to increase the detection of lymphadenopathy in
children with tuberculosis, but the accuracy of detection was not compared with a

reference standard. (Smuts 1994)
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4.3 Applicability of the findings to other settings

Observer agreement in this study is likely to be higher than in most settings. The
observers were all experts in this field with similar background and training who were
working in the same institution. The x-rays were probably of better than average
technical quality because they were taken at a tertiary level paediatric hospital with an
excellent radiology service, and films of sub-optimal quality were excluded.
Knowledge that their assessments were being closely examined could also have led to

the observers taking extra care in assessment.

4.4 Implications for clinical practice

In the absence ol evidence of the validity of the detection of lymphadenopathy, the
findings of poor observer agreement in this study suggest that caution is necessary
when basing clinical decisions in children on the presence or absence of

lymphadenopathy on chest radiography.

4.5 Implications for further research

In settings in which CT is readily available as an alternative investigation, attempts
should nevertheless be made to define and improve the accuracy of chest radiography,
given the higher radiation dose, the higher cost and the need for contrast injection
associated with CT. In settings where CT is not available (where the vast majority of
children with tuberculosis live), the necd for further research into the accuracy of

chest radiography is clear.



Direct research on the validity of the detection of lymphadenopathy is needed. Such
studies will require the use of a credible reference standard, such as contrast-cnhanced

compuierised tomography, in a clinically meaningful population.

No criteria for the diagnosis of lymphadenopathy were prescribed in this study, and
the wide variation in intra-observer agreement suggests that different observers used
different (formal or informal) criteria in their assessment of lymphadenopathy. When
guestioned after the completion of the study the observers varied widely in the crileria
they had used in detecting lymphadenopathy. This suggests that the use of explicit
criteria for lymphadenopathy could increase the repeatability of detection, and
possibly also the validity. Any assessment of the validity of the detection of
lymphadenopathy (or of the diagnosis of tuberculosis) should thus include an

assessment of specific radiological criteria, and combinations thercof.



CHAPTER 5: CONCLUSIONS

[-.,

Lymphadenopathy in children was detected on chest radiography with low inter-

and moderate intra-observer agreement.

The low inter-observer agreement provides no direct information about the

validity of detection of lymphadenopathy, but suggests that validity was low for

some or all of the observers.

Agreement in this study is likely to be higher than in most sctiings where
lymphadenopthy is used to diagnose tuberculosis in children.

The lindings may also be applicable to the radiological detection of

lymphadenopathy in children with conditions other than tuberculosis.
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CHAPTER 6: RECOMMENDATIONS

Caution is necessary when basing clinical decisions in children on the presence or
absence of lymphadenopathy on chest radiography alone.

Research on the validity of the detection of lymphadenopathy is needed, using a
credible reference standard such as contrast-enhanced computerised tomography.
Such assessment should include an evaluation of specific crileria for the presence
of lymphadenopathy, to maximise the validity and repeatability of such detection.
In addition, research is also needed to compare the validity and reliability of the
detection of chest lymphadenopathy in children when assessed by a) antero-

posterior plus lateral views and b) by antero-posterior view alone.
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CHAPTER 10: APPENDICES

APPENDIX 1

Literature scarch striatesy:

PubMed Most recent Query Result
Search
#13 #4 AND #7 AND #10 Ficld: ANl Fields, Limits: All 25
Adult: 19+ years
H#12 #4 AND #7 AND #1010 Ficld: All Fields, Limits: All 16
Child: 0-18 years
11 #4 AND #7 AND #10 33
#10 #8 OR #9 226615
19 Lymphadenopathy [Text Word] 9211
#8 Lymphatic diseases 222756
#7 #5 OR #6 529672
#O Radiography, thoracic 16958
#S Radiography 529672
Lz #1 OR #2 OR #3 13981
#3 Intraobserver [Text Word] 1083
# faterobserver Variation [ Text Word) 3991
# Observer Variation L1949




APPENDIX 2

Randomisation of the radiograph viewing order. (Generated using Epi Info™)

Original radiograph Randomised order Randomised order
numbering First viewing Second viewing
1 77 41
2 25 82
3 9] 32
4 60 78
5 5 88
6 27 92
7 71 24
8 41 71
9 42 42
10 30 22
11 56 73
12 57 29
13 47 90
14 1 87
15 31 95
16 72 4
17 78 97
L& 12 2
19 99 6
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APPENDIX 3

Summary ol observer responses®™: Composite table.

Observer A Observer B Observer C Observer D
> First | Second First Second First Second First Second
X viewing Viewing | viewing | viewing | viewing | viewing | viewing | viewing
T VES NO YES YES YES YES YES EQUIV
2 NO NO NO NO NO NO EQUIV NO
3 YES YES EQUIV EQUIV NO YES YES EQUIV
4 NO NO EQUIV EQUIV NO NO EQUIV NO
5 NO EQUIV NO NO EQUIV NG NO NO
6 NO NO YES YES NO NO NO NO
7 NO NO NO NO NO NO NO NO
8 EQUIV NO NO NO EQUIV NO EQUIV NO
g9  EQUIV NO EQUIV EQUIV NO YES EQUIV EQUIV
10 YES YES EQUIV EQUIV EQUIV YES YES NO
11 NO NO YES YES NO NO EQUIV YES
12 NO NO NO NO NO NO NO NO
13 NO NO EQUIV EQUIV NO NO NO NO
14 NO EQUIV NO NO NO NO NO NO
15 NO NO NO NO YES NO EQUIV EQUIV
16 EQUIV NO EQUIV NO NO NO NO NO
17 NO NO NO NO NO NO EQUIV EQUIV
18 YES YES YES YES YES YES YES YES
19 NO NO NO EQUIV NO NO EQUIV NO
20 YES YES NO NO YES YES EQUIV NO
21 NO EQUIV EQUIV EQUIV NO NO NO NO
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YES
E
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81
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30
91
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* Explanation to the terms ‘Yes’, ‘No’ and ‘Equivocal’.

YES
NO
NO
NO
NO
NO
NO

YES

YES
NO

EQUIV
EQUIV

YES

NO
EQUIV
NO
EQUIV
NO
EQUIV
YES

NO

EQUIV
NO
NO
NO
NO
NO
NO

YES

EQUIV
NO
NO

EQUIV

YES
NO
NO
NO
NO

EQUIV
NO

EQUIV

NO

The question asked was “Is mediastinal lymphadenopathy present?” Answers

provided included the following categorics; “Yes’ for unequivocally present, ‘No” for

ancquivocally absent, and an ‘equivocal” answer category was included to allow for

an uncertain decision. Observer codes (known only to the study co-ordinator) and
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individual performance remained anonymous, unless the particular individuals

involved requested feedback on their own performance.
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APPENDIX 4

Ixaminer Questionnaire:

Inter and Intra Observer agreement between Paediatric Pulmonologists in the

detection of mediastinal lvmphadenopathy when viewing chest radiographs of

children.

Dear study examiners,

With reference to the above study in which you kindly took part, please answer the
following questions in an attempt to further understand the difficulty in commenting
on mediastinal lymphadenopathy when viewing radiographs. Your answers will also
assist us in the drafting of a further study, which includes the use of contrasted CT as

a reference standard.

Q1. What criteria (if any) do you use when coming to a decision concerning the

presence or absence of mediastinal lymphnodes on chest radiographs?

Q2. What is your opinion concerning the value of a lateral chest radiograph in

addition to the AP radiograph when viewing for mediastinal lymphadcnopathy

Kind regards

G Du Toit, G Swingler, K Iloni

LA



APPENDIX 5

List of criteria cited by each observer when answering the questionnaire:

Q1) What criteria (if any) do you use when coming to a decision ceoncerning the

presence or absence of mediastinal lymphnodes on chest radiographs?

“Observer A : Intra Observer Agreement: Kappa 0.58 (95% CI 0.41-0.74)

In deciding about the presence of mediastinal lymphadenopathy [ always consider the
| clinical history and Mantoux reaction into account, in the absence of which [ have

| difficulty and in practice will generally not commit myself. I make a certain
radiological diagnosis of tymphadenopathy only in the presence of :

I. Tracheo-bronchial compression compatible with lymphadenopathy

2. Splayed carina with retro-cardiac density suggestive of lymphnodes

3. Rounded paratracheal shadows with calcification

4. Multiple rounded paratracheal masses

| Observer B: Intra Observer Agreement: Kappa 0.71 (95% C10.56-0.87)

[. Impression of widened mediastinum

2. Indentation of hilar structures ¢.g. bronchi on lateral Chest Radiograph

Observer C: [ntra Observer Agreement: Kappa (.44, (95% Cl 25-0.62)




Presence of mediastinal lymphadenopathy if:

T

4.

Obvious widening of the mediastinum or hilar shadows by what looks like nodes
Abnormal shape or outline or course ol the trachea and main bronchi. Usually
localised narrowing, with or without above findings.

Difficulty in seeing the outlines of the trsachea or main bronchi on repeated Chest
Radiogruphs

Localised air trapping with suggestion of | and/or 2 and/or 3

Absence ol mediastinal lymphadenopathy if none of the above 1-5 features are

present

Observer D: Intra Observer Agreement: Kappa 0.47 (95% C1 0.32-0.62)

t

I

Check if adenopathy/swelling is present in the neck and axillae

Look at the mediastinum on AP: if widened and age not appropriate for the
presence of a thymus, 1 consider this suggestive of mediastinal lymphadenopathy,
particularly if the lateral chest radiograph doesn’t demonstrate anterior mediastinal
opacification.

Look al the trachea and bronchi-this is suggestive of lymphadenopathy if
narrowed.

Look at the hilum on AP, if opacified consider lymphadenopathy.

Look at the lateral chest radiograph for well defined lobular structures.




Q2) What is your opinion concerning the value of a lateral chest radiograph in

addition to the AP radiograph when viewing for mediastinal lymphadenopathy.

Observer A: Intra Observer Agreement: Kappa 0.58 {95% CI 0.41-0.74)

I {ind the lateral chest radiograph useful only for positive identification of the thymus,

and rarely in cases of a splayed carina (o exclude left atrial enlargement.

Observer B: Intra Observer Agreement: Kappa 0.71 (95% C1 0.56-0.87)

Very valuable

Observer C: Intra Observer Agreement: Kappa (1.440.(95% C1 25-0.62)

In most cases not much use. The lateral chest radiograph does help in localising
mediastinal masses into anterior, middle and posterior mediastinum. The lateral chest
radiograph is also useful in identifying thymic shadows that look unusual on the AP

chest radiograph.

Observer D: Intra Observer Agreement: Kappa 0.47 (95% CI 0.32-0.62)

Essential in most cases. Diflicult to interpret in the presence of significant fung

pathology where nodes may have been seen.
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A schedule of the completed corrections is attached indicating where all proposed
chunges have been made:

Reviewer 1:

¢ Issue 1: The following description of the Kappa weighting has been added to Page
13, Para I: "A weight of 1 was given to complete agreement, 0.5 to discrepancies
of one category, and 0 for discrepancies of two categories.”

e Issue 2: The "unclear’ multidimensional graph has been omitted.

* Issue 3 is resolved by correcting the data entries in the table 3.7. Tables 3.7 should
have included an “Equivocal” column, which has now been corrected. (Page 21)

*  Minor issues:

* Issue 4: The point is taken. The purpose of this study was to assess agrecment in
actual practice. Criteria will be specified to maximise agreement i a follow-up
study.

* Issue 5: The selection of pneumonia radiographs was random. This has been
clarified on Page 11, para 1.

e Issue 6: The specific age distributions for the 2 groups are not available and
therefore are omitted.

¢ [ssue 7: The value 13.25% was incorrect in Table 3.3, and has been corrected.

* Issue 8: The interpretation of the Spearman rank correlation has been changed to
read, " Although this correlation co-ellicient is high, the p value indicates that it
could quite easily be due to chance." Page 19, Final para

* [deas for future: The ideas for future projects are appreciated

Reviewer 2

* Terminology changes include:

a) M Tuberculosis is now presented as M miberculosis
b) All Kappa references are now spelt with a capital ‘K’

e (Page 3, first para) The sentence “ 1.3 million infected children” has been altered
to read *“1.3 million diseased children”

*  (Page 1, last sentence) The last sentence has been altered from “highly active
lesions that seed the blood and lymph” to “highly active lesions may lead to
miliary dissemination”

*  (Page 16, first para) The previously transposed numbers 19% and 63.75% have
been corrected.



*  (Page 206, last para) The sentence has been altered to more precisely identify the
focus of the study and now reads, “ The primary focus of the study was to
measure inter- and intra-observer agreement in the detection of mediastinal
lymphadenopathy on chest radiography in children at risk for tuberculosis”

* (Page 9, final para) The 3 additional references proposed have been incorporated
into the literature review. They were not identified in the original literature
because they pre-date MEDLINE

Additional change:

(Page 55) The last page no longer contains the final Appendix 6 (Page 55), which was of
4 scanned images (Quality deemed too poor to add to thesis)





