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Pulmonary complications in primary
hypogammaglobulinemia: a survey
by high resolution CT scan
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ABSTRACT: Pulmonary complications in primary
hypogammaglobulinemia: a survey by high resolution CT
scan. M. Gharagozlou, F.A. Ebrahimi, A. Farhoudi,
A. Aghamohammadi, M.-H. Bemanian, Z. Chavoshzadeh,
M. Heidarzadeh, M. Mehdizadeh, M. Moin, M. Movahedi,
M. Nabavi, Z. Pourpak, N. Rezaei.

Background. Primary hypogammaglobulinemia dis-
orders are a group of heterogeneous immunodeficiency
syndromes with an increased susceptibility to pulmonary
complications.

Methods. The aim of thisstudy wasto evaluate the ex-
tent of lung abnormalitiesin primary hypogammaglobuli-
naemic patients by high resolution computed tomography
(HRCT) scan and pulmonary function test (PFT). HRCT
and PFT were performed in 22 Iranian patients with pri-
mary hypogammaglobulinemia.

Results. Pathological bronchial findings were ob-
served in thirteen patients: three patients showed only
peribronchial thickening and the remaining ten patients
suffered from both bronchiectasis and peribronchial wall
thickening. Mild type of bronchiectasis and peribronchial
wall thickening were the most common type, predomi-

nantly observed in theright middleand both right and left
lower lobe segments of lungs. Although bullae were not
found, emphysema, air-trapping, and collapse/consolida-
tion wer e observed in two patients. Bronchial involvement
was mostly limited to 1 up to 5 bronchopulmonary seg-
ments, only one HRCT indicated bronchial involvement in
mor e than nine bronchopulmonary segments. Pathologi-
cal bronchial findings mostly observed in the proximal
bronchi; meanwhile the involvement of the distal bronchi
was less common. Decreasing FEV; and FVC were ob-
served in 65% and 55% of patients, respectively. There
was a significant correlation between the HRCT score and
the predicted valuesby PFT. The delay of diagnosisin pa-
tients with bronchiectasis was significantly higher than
those without bronchiectasis.

Conclusions. It seems that the majority of hypogam-
maglobulinaemic patients suffer from the mild type of
bronchiectasis, which is mostly observed in the proximal
bronchi of the lower lobe segments. The delay of diagnosis
plays an important role in the occurrence of this compli-
cation in these patients.
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Introduction

Primary hypogammaglobulinemia consists of
a heterogeneous group of disorders including: X-
linked agammaglobulinemia (XLA), common
variable immunodeficiency (CVID), IgA deficien-
cy, selective subclass 1gG deficiency, functional
antibody defect, and transient hypogammagl obu-
linemia. In all of these disorders, the impaired an-
tibody response to pathogens leads to an increased
susceptibility to bacterial infections, especially in
the respiratory system [1-3]. Recurrent respiratory
infections cause serious complications that lead to
morbidity and mortality in these patients [1, 2].
Early diagnosis and appropriate treatments are
very important in preventing the deterioration of
pulmonary function [4]. The exact identification of
pulmonary complications could be made using a

high resolution computed tomography (HRCT)
scan. The high sensitivity and specificity of HRCT
in showing irreversible and significant bronchiec-
tasis, which is the most important complication in
these patients, and al so its advantages over the oth-
er procedures, made it the most preferably proce-
dure [5-10]. This study was performed to evaluate
the extent of lung abnormalities in primary hy-
pogammaglobulinaemic patients using the HRCT
scoring system and also assessing the pulmonary
function test (PFT). We also analysed the correla-
tion between the score from HRCT and pulmonary
function data (FEV, and FVC).

Patients and methods

Twenty two patients (14 males and 8 females)
with the median age of 15 years (range: 2-28
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years) were investigated in this study. These hy-
pogammaglobulinaemic patients (13 CVID and 9
XLA) were referred to the Department of Allergy
and Clinical Immunology of Children Medical
Center, Tehran, Iran during 2001-2005. All clinical
information was extracted from the patients
records and also by interviewing the patients and
their parents. The HRCT scans and pulmonary
function test (PFT) were carried out in these pa-
tients. PFT was not performed in 2 patients be-
cause of their low age.

Only male patients with the low level of B-
cells (CD19+ less than 1%) — shown by im-
munoflowcytometry — and having the following
criteria, were included as XLA in this study:

1. The low levels of serum IgG, IgM and IgA
(more than 2 Standard Deviation below the
normal levels for the age), which were deter-
mined by radioimmunodiffusion and proved
by nephelometry;

2. Lack of proper antibody response which was
proved by measuring the ischemaglutinin titer
or Schick test; and

3. Exclusion of other diseases leading to hy-
pogammaglobulinemia.

Diagnosis of CVID is based on the decreased
serum level of at least two immunoglobulins (more
than 2 Standard Deviation below the normal level
for that age) and exclusion of other causes of hy-
pogammaglobulinemia like Hyper-IgM syndromes,
Selective IgA deficiency, Subclass 1gG deficiency,
and transient hypogammaglobulinemia.

HRCT and PFT were performed individually
for the patients. The standard high resolution tech-
nique in this study consists of scanning at full in-
spiration using 1.5 mm thick section with 10 mm
spacing, and displaying the images with high reso-
lution (bone) algorithm at lung windows (width
1500-2000, length -500 to -700). All HRCT scans
and PFT tests were performed after standard phys-
iotherapy and in the absence of undercurrent acute
illness. The HRCT scoring system was used for
evaluating the extent of lung abnormalities in
HRCT [11] (table 1). In this system, the score is
shown by the numbers 0-3 for the following infor-
mation: a) Severity of bronchiectasis, b) Peri-
bronchial thickening; c) Extent of bronchiectasis;
d) Extent of mucus plug; €) Sacculation; f) Gener-
ations of bronchi involved; g) Number of bullag;
h) Emphysema; and ) collapse/consolidation.
Bronchiectasis as the main pulmonary complica-
tions of hypogammaglobulinemia, characterised
by permanent dilation of bronchi; HRCT is the
gold standard for detection of bronchiectasis. In
order to determine the total score for each patient,
the scores of each scan was subtracted from a po-
tentially perfect total score of 25. A total score of
below 22 was considered to be an abnormal score.
All scans were scored by two expert radiologists,
who were blinded to all clinical information. The
inter-observer reliability of the scoring system was
tested and expressed as a standard deviation of
scores obtained by two observers within individual
patients. The standard deviation was averaged
across all patients and was obtained from the vari-

Table 1. - The high resolution computed tomography (HRCT) Scoring System

HRCT Score
Category 0 1 2 3
mild moder ate severe
Severity of bronchiectasis Absent Luminal diameter slightly Lumen 2-3 times Lumen>3 times
greater than diameter the diameter of vessel diameter of vessel
of adjacent blood vessel
Peribrochial thickening Absent Wall thickness equal Wall thickness greater Wall thickness
to diameter than and up to twice >2 times
of adjacent vessel the diameter the diameter
of adjacent vessel of adjacent vessel
Extent of bronchiectasis Absent 1-5(BP) 6-9(BP) >9(BP)
Extent of mucus plugging Absent 1-5(BP) 6-9(BP) >9(BP)
Sacculation Absent 1-5(BP) 6-9(BP) >9(BP)
Generation of bronchial Absent Up to 4th generation Up to 5th generation Up to 6th generation
divisionsinvolved and distal
(bronchiectasis/plugging)
No. of bullae Absent Unilateral (not>4BP) Bilateral (not>4BP) >4BP
Emphysema Absent 1-5(BP) >5(BP)
Collapse/Consolidation Absent Subsegmental Segmental/lobar

BP: Bronchopulmonary segments.
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ance estimate in a mixed-model two-way analysis
of variance.

PFT was performed in twenty patients, who did
not have acute respiratory illness at that time. Force
vital capacity (FVC) and force expiratory volume
in one second (FEV ;) were obtained with a Jaeger
Master lab Spirometer (Erich Jaeger, Wurzburg,
Germany). All values were depicted as percentage
of the predicted values. Decreased FEV, or FVC
values have been classified as mild (%60<FEV 4 or
FV C<%80), moderate (%40<FEV ; or FVC<%60),
or severe (FEV 4 or FVC<40%).

We examined the validity of the HRCT scoring
system by analysing the correlation between the
pulmonary function data (FEV, and FVC) and the
score of each patient. The correlation between the
pulmonary function dataand the HRCT scoreswas
measured with a linear regression model. All sta-
tistical analyses were performed by the SPSS sta-
tistical software package version 10.0. The inde-
pendent - sample t test was used for quantitative
variables. The level for statistical significance was
p<0.05.

Results

Twenty-two patients with primary hypogam-
maglobulinemia were evaluated for the extent of
pulmonary complications by HRCT scans. A ran-
domised complete block analysis of the data was
performed on the basis of an independent observa-
tion by two radiologists who reviewed twenty-two
scans for the nine parameters. The inter-observer
variability for the scores had a standard deviation
of 1.05.

The HRCT scans revealed abnormality in 13
out of 22 patients (table 2). The scan of ten out of
thirteen patients showed both bronchiectasis and
peribronchial thickening. There were three pa-
tients with peribronchial wall thickening without
bronchiectasis. Most of the patients had a mild

Table 2. - The results of high resolution computed
tomography (HRCT) in 22 patients with primary
hypogammaglobulinemia

HRCT Score

Mild Moderate Severe

Severity of bronchiectasis 7 2 1
Peribronchial thickening 9 4 0
Extent of bronchiectasis 7 2 1
Extent of mucus plugging 7 0 2
Sacculation 0 0 0
Generation bronchial

division involved 7 4 1
No. of bullae 0 0 0
Emphysema 1 1 0
Collapse/Consolidation 1 1 0

type of peribronchial thickening and bronchiecta-
Sis (69% and 70%, respectively). The bronchial in-
volvement and mucus plug were mostly limited to
1 up to 5 bronchopulmonary segments (70% and
77%, respectively); only one scan showed
bronchia involvement in more than nine bron-
chopulmonary segments. Although bulla was not
found, emphysema, air-trapping, and collapse/con-
solidation were observed in two patients. Consid-
ering the main-stem bronchi as the first-generation
of bronchial divisions, bronchial involvement
mostly extended up to the forth generation of
bronchial divisions (53%). The HRCT score
ranged between 12 and 25; the score of nine pa-
tients was below twenty-two, which is considered
to be an abnormal score.

Peribronchial wall thickening and bronchiecta-
sis were predominant in the right middle and low-
er lobe segments and also in the lower division of
left upper lobe and |eft lower lobe segments (table 3).
The involvement of right upper lobe and the upper
division of the left upper lobe segments were rare.

The delay of diagnosis in patients with
bronchiectasis was significantly higher than those
without bronchiectasis (100.27+10.2 vs. 43.93+1.8
months, p=0.016) (table 4).

13 out of 20 patients (65%) showed decreased
FEV, values (<80% of predicted value) in PFT
tests (table 5). Mild, moderate and severe decreas-

Table 3. - Patterns of lung involvement in 22 patients
with primary hypogammaglobulinemia studied by
HRCT scan

Bronchiectasis Peribronchial

thickening

Right upper lobe

Apical 0 2

Anterior 3 5

Posterior 3 3
Right middle lobe

Lateral 6 6

Medial 4 5
Right lower lobe

Superior 3 3

Medial basal 5 5

Anterior basal 4 4

Posterior basal 5 5

L ateral basal 5 4
L eft upper lobe

Upper division

Apicoposterior 2 3

Anterior 2 3

L ower division

Superior 7 6

Inferior 5 6
L eft lower lobe

Superior 5 8

Anterormedial 6 9

Lateral 5 7

Posteriorbasal 6 8
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HRCT (n=22)

Table 4. - Characteristics of primary hypogammaglobulinemia patients regarding the presence of bronchiectasis by

Patients with bronchiectasis

Patients without bronchiectasis P-value

Mean age (months) 212.9+14.2 163.45+11.9 0.12

Mean onset age of symptoms (months) 27.84+1.2 31.12+1.8 0.34

Duration of disease (months) 184.25+13.2 132.33+13.4 0.21

Duration of treatment (months) 71.14+3.2 81.38+3.6 0.11

Delay of diagnosis (months) 100.27+10.2 43.93+1.8 0.016
Table 5. - PFT findings of 20 patients with primary hypogammaglobulinemia

. . FEV, FvC ® HRCT
Number Sex Diagnosis (% of predicted) (% of predicted) FEV1/FVC (%) Score

1 Female CVID 87.9 79.3 100.0 25

2 Male XLA 107.9 106.5 91.8 20

3 Male CVID 28.3 26.5 97.2 13

4 Mae XLA 76.7 77.1 90.0 19

5 Female CVID 86.9 839 94.5 25

6 Male XLA 75.4 73.6 92.7 25

7 Male CVID 68.1 76.1 80.9 16

8 Male CVID 78.3 79.9 89.0 25

9 Female CVID 61.4 58.9 94.5 25

10 Male XLA 88.8 80.6 100.0 24

11 Male XLA 18.3 22.0 75.4 14

12 Male XLA 82.2 79.7 93.6 22

13 Female CVID 47.0 45.0 94.5 19

14 Female CVID 1115 97.6 103.6 25

15 Female CVID 65.9 61.2 98.1 22

16 Male CVID 64.7 74.1 79.0 17

17 Male CVID 494 44.6 100.9 16

18 Male XLA 123.9 106.9 105.4 25

19 Male CVID 98.3 94.5 94.5 25

20 Female CVID 37.6 34.2 99.0 12

esof FEV, values were observed in 35%, 20% and
10% of patients, respectively. Eleven patients
(55%) showed decreased FVC values (<80% of
predicted value). Mild, moderate and severe de-
creases of FV C values were observed in 35%, 10%
and 10% of patients, respectively. Statistical analy-
sis demonstrated a significant correlation between
the HRCT score and the percentage predicted val-
ues of either FEV, (r=0.69, p=0.006) or FVC
(r=0.72, p=0.002) (figure 1); however, there was
not any significant correlation between HRCT
score and FEV1/FV C (r=0.39, p=0.089).

Discussion
Recurrent lung suppurative infections predis-

pose the primary hypogammaglobulinaemic pa-
tients to serious pulmonary complications, which

XLA: X-linked agammaglobulinemia; CV1D: Common variable immunodeficiency.

often lead to significant morbidity and mortality in
these patients [1]. In our study, we observed
parenchymal involvement besides pathological
bronchial findings. This was in contrast to some
other studies, which showed only the bronchial in-
volvement [12, 13]. The parenchymal involve-
ments including collapse and consolidation were
seen in approximately 20% of our patients; the de-
lay of diagnosis that leads to an increased risk of
pulmonary infections may be the possible reason
for these findings in our patients group.
Bronchiectasis, the most important pathological
bronchia findings, was observed in 45% of our pa-
tients, which is very different from previous stud-
ies [14, 15, 16]. This may be presumably due to
differences in the delay of diagnosis, which plays
an important role in the occurrence of this compli-
cation according to our results. In addition patients
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Fig. 1. - The correlation of HRCT score and the percentage predicted
values of FVC (top) and FEV; (bottom) in 20 patients.

with XLA have lower serum levels of im-
munoglobulins and higher susceptibility to respira-
tory infections in the lower ages, which rapidly
move towards deterioration of bronchia tracts
[1, 2]. We also observed that despite of immunod-
eficiency, bronchial involvements were mostly
limited to 1 up to 5 segments. Most of the patients
suffered from mild bronchiectasis, which is main-
ly confined to proximal bronchi.

Peribronchial wall thickening was aso ob-
served in 59% of our patients, which was much
higher than in the studies by Curtin [14] and Fey-
dy’'s [13] and much lower than in the study by
Obregon [12]. These differences may be dueto dif-
ferences in protocols, image displays, and the sub-
jectivity in diagnosing bronchial wall thickening.

We observed that peribronchial wall thicken-
ing and bronchiectasis were predominantly seenin
the right middle and both right and left lower lobe
segments. The occurrence of bronchiectasis and
peribronchial wall thickening in the same seg-
ments and non-appearance of bronchiectasis by it-

self emphasises this theory that peribronchial wall
thickening could be an early sign of the bronchial
inflammation, which could progress and eventual-
ly lead to permanent bronchiectasis [13].

In the previous review of patients with cystic
fibrosis, Bhallaet al [11] introduced a HRCT scor-
ing system, which demonstrated a statistically sig-
nificant correlation with FEV/FVC, thereby re-
flecting the extent of airways disease and sec-
ondary obstructive changes. The scoring system,
which isfairly smple to perform, attempts to stan-
dardise the extent and severity of chronic lung dis-
ease. We tried to apply this scoring system to a
population of patients, who were also at risk of
bronchiectasis and chronic lung diseases. We
showed that there were statistically significant cor-
relations between HRCT scores and the percentage
predicted values of either FEV 1 or FVC; however,
there was not any significant correlation between
HRCT score and FEV1/FVC. The scoring system
proved to have excellent interobserver reliability.
The interobserver variability for the scores had a
standard deviation of 1.05. As it was predicted,
there were some disagreement points in the scor-
ing of severity of bronchiectasis and peribronchial
thickening because the assessment is based on the
subjectivity of these parameters.

This study showed that the magjority of hy-
pogammaglobulinaemic patients suffer from the
mild type of bronchiectass, which is mostly ob-
served in the proximal bronchi of the lower lobe seg-
ments. Moreover the delay in diagnosis predisposes
these patients to this complication. The HRCT scor-
ing system seems to be ardiable and val uable tech-
nique in demongtrating the extent and severity of
chronic lung disease in this group of patients.
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