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suture line must be in contact with the blood stream, as
happens in shunts in which the vessels shunted remain
patent after closure of the prosthetic shunt. Similar
aneurysms might, therefore, appear in other types of
palliative procedures involving the use of conduits and
closure of the anastomotic stoma may be preferable
to simple ligation of the shunt. Changes in suture ma-
terial, however, have been effective in markedly de-
creasing suture failure as a cause of anastomotic aneu-
rysms,* making this complication improbable.
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Alpha,-Antitrypsin Deficiency and
Common Variable
Hypogammaglobulinemia in a Patient

with Asthma®*

Nguyen D. Phung, M.D.;t Ralph T. Kubo, Ph.D.;} and
Sheldon L. Spector, M.D., F.C.C.P.§

Severe alpha -antitrypsin deficiency with phenotype
PiZZ was found in association with common variable
hypogammagiobulinemia and hyperreactive airways dis-
ease in a 34-year-old patient. Inmunologic studies dem-
onstrated normal cellular immunity but impaired
responses to influenza and pneumococcal antigens.
Investigations of the mechanism of hypogammagiobuli-
nemia revealed no intrinsic B cell defect, synthesis
abnormality, or impairment of secretion of immuno-
globulins. A serum suppressive factor was present and
probably accounted for the hypogammaglobulinemia.

lpha,-antitrypsin is a protease inhibitor that is be-

lieved to play an important role in the pathogenesis
of emphysema.! Severe deficiency of this protein, often
associated with phenotype ZZ or SZ, leads to clinical
emphysema in early adulthood.? Common variable
hypogammaglobulinemia is a heterogeneous group of
disorders,® frequently associated with recurrent sino-
bronchopulmonary infections, bronchiectasis, gastroin-
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testinal abnormalities, and a high degree of susceptibili-
ty to neoplasia.*

There is no known association between immunoglob-
ulin deficiency and a,-antitrypsin deficiency. We de-
scribe a patient with a,-antitrypsin deficiency, common
variable hypogammaglobulinemia, hyperreactive air-
ways disease, and the ZZ phenotype.

Caske REPORT

The patient was a 34-year-old man in good health until
1976, when progressive dyspnea on exertion developed. An
open lung biopsy in March 1977 showed panacinar emphy-
sema. Severe a,-antitrypsin deficiency with phenotype ZZ
was then diagnosed. After referral to National Jewish Hos-
pital, his history of frequent respiratory tract infections,
wheezing, and rhonchi prompted further investigation.
Both panhypogammaglobulinemia and hyperactive airways
disease were documented. The latter diagnosis was con-
firmed by a positive histamine and methacholine inhalation
challenge® and favorable response to bronchodilators.

He had smoked minimally (four packs a year) for three
years, stopping several years before admission. He was
retired and had worked with paint and plywood.

His family history was remarkable in that his mother
had an «,-antitrypsin phenotype SZ and chronic bronchitis.
His father was asymptomatic, with MZ phenotype. A paternal
uncle died of cancer of the esophagus at the age of 40
years, with emphysema diagnosed at autopsy. A paternal
cousin was found to have 40 mg/dl «, -antitrypsin. The
patient had no siblings and no children.

Pert'nent findings on physical examination included dry
rales at the lung bases and early bilateral posterior sub-
capsular cataracts. A chest x-ray film showed pleural tent-
ing on the right side and platelike atelectatic changes in
the left mid-lung field. A sinus x-ray film showed a soft-
tissue density of the inferior floor of the left maxillary.
Pulmonary function testing showed the following results:
hyperinflation of the lung with a vital capacity of 5.74
L (114 percent of normal), residual volume of 5.28 L
(328 percent predicted) and total lung capacity 11.02 L
(158 percent predicted). Flow rates showed airway ob-
struction with FEV, of 2.26 L (5% percent predicted),
FEV,/FVC ratio of 43 percent, and FEF 25-75% 0.82 L (14
percent). Specific conductance was decreased at 0.08 L/cm
H,O/L/sec (26 percent predicted). Diffusing capacity
(Dco) was 13.8 ml/min/mm Hg (42 percent predicted).

The methacholine bronchial inhalation challenge was
positive, with a 36 percent fall of FEV, after five breaths
of 0.31 mg/ml. The histamine bronchial inhalation challenge
also was positive, with a 27 percent fall in FEV, after five
breaths of 2.5 mg/ml. -

MATERIALS AND METHODS

Determination of IgG, IgA, IgM, a,-antitrypsin levels,
P, phenotyping, enumeration of T and B cells, and in vitro
lymphocyte stimulation studies with phytohemagglutinin
and pokeweed mitogen (PWM) were done with standard
techniques. Cytoplasmic immunoglobulins and immuno-
globulin biosynthesis studies were done as previously de-
scribed.8

Specific Antibody Response Studies

Isohemagglutinins were measured by standard hemag-
glutination inhibition techniques. The patient was given a
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Table 1—Family History
IgG, IgA, IgM, al-AT, al-AT
mg/dl mg/dl mg/dl mg/dl Phenotype
Patient 262 18 27 32 VA4
Father 969 197 42 152 MZ
Mother 678 56 49 106 8Z

Normal
values 953 +206 114+47 134+49 196141 MM

booster of DPT, and tetanus titers were determined before
and two weeks after the challenge. Additionally, titers were
drawn before and three weeks after administration of 0.5
ml of trivalent influenza vaccine (Parke-Davis stock 4-4079-
510) and polyvalent pneumococcal vaccine (Pneumovax,
Merck Sharp & Dohme, No. 4666). Influenza titer determina-
tions were done by a hemagglutination inhibition tech-
nique.” Pneumococcal titers were measured by a radio-
immunoassay technique developed and performed in Dr.
Schiffman’s laboratory.8

REsuLTS

The a,-antitrypsin and immunoglobulin levels of the
patient and his parents are indicated in Table 1. The pa-
tient had panhypogammaglobulinemia and a very low
a,-antitrypsin level. The phenotypes are also shown. The
patient had ZZ; his parents were heterozygous for P* with
borderline low values of a,-antitrypsin. Of interest was
that the mother had panhypogammaglobulinemia, al-
though to a lesser degree than her son. The father also
had low IgM values.

In assessing humoral immunity, the natural isohemag-
glutinins showed a borderline anti-B titer of 1:16
(patient was blood group A). The patient had good anti-
body response to tetanus antigen, with pre- and post-
immunization titers of 1:2048 and 1:65,536, respective-
ly; however, there was no response to A Brazil influenza
virus and minimal response to A Texas and B Hong
Kong viruses, the latter pre- and post-titers being 1:16
and 1:32, respectively. The antibody response to 12
different pneumococcal antigens were clearly abnormal
compared with controls (Table 2). The pre-immuniza-
tion values were much lower than normal controls (ex-
cept serotype BA), despite the fact that the patient had

a pneumococcal vaccine injection one year before this
study and had many respiratory infections, some pre-
sumably caused by pneumococcal infection. Also the
antibody response, as reflected by the ratio of pre- and
post-immunization values, was less than that of
control subjects in at least six serotypes.1:+:8°

Cell-mediated immunity was normal as assessed by
delayed hypersensitivity skin tests. Enumeration of T
and B cells was normal (74 percent and 8 percent,
respectively), as were lymphocyte stimulation studies
with phytohemagglutinin and PWM.

The ability of the patient’s B lymphocytes to produce
immunoglobulins was assessed by determining the num-
ber of cells that were positive for cytoplasmic immuno-
globulins in cell cultures stimulated with PWM for
seven days. Stimulation of both the normal and patient
lymphocytes cultured with PWM resulted in an increase
in the number of cytoplasmic immunoglobulin contain-
ing plasma cells (12 percent and 8.5 percent, respec-
tively) compared with the unstimulated cultures (0.5
percent). The number of cytoplasmic immunoglobulin-
containing cells enumerated was comparable to the
number of B lymphocytes detected in the patient’s per-
ipheral blood, which is in the normal range. In a subse-
quent experiment, when the patient’s serum was added
to a culture of lymphocytes from a normal subject or
from the patient, no increase in cytoplasmic Ig-positive
cells could be detected in cultures stimulated with
PWM compared with unstimulated cultures (data not
shown). Cell viabilities were not altered by the addi-
tion of the patient’s serum compared with a normal
AB+* serum, and, thus, these results suggest the pres-
ence of an inhibitory or suppressive substance in the
patient’s serum capable of preventing the mitogen-
induced differentiation of B lymphocytes.

The synthesis of immunoglobulins by the patient’s
lymphocytes stimulated with PWM for seven days was
comparable to the immunoglobulin synthesis of the
normal subject lymphocyte culture. These results are
consistent with the increase in the number of cytoplas-
mic immunoglobulin-containing cells following stimula-
tion with PWM. Polyacrylamide gel analysis of the
anti-immunoglobulin immune precipitates of the culture
supernatant fluids revealed the presence of IgM and

Table 2—Pnrexmococcal Serotype
Serotype 1 3 4 B6A 7 8 9 12 14 18 19 23
Pre-Immunization* 129 41 216 126 38 59 38 15 50 69 35 302
Post-Immunizationt 289 221 516 216 90 422 200 98 133 292 105 515
Ratio 2.2 5.4 2.7 1.7 2.4 7.2 5.3 6.6 2.7 4.2 29 1.7
Controlt
Pre-Immunization* 282 190 912 93 234 115 316 339 1148 141 145 562
Controlt
Post-Immunization* 1551 1235 4742 223 514 1736 3634 1202 3214 1198 160 1686
Ratio 5.5 6.5 5.2 2.4 2.2 15.1 11.5 3.6 2.7 8.5 1.1 3.0

*Antibody response expressed as antibody nitrogen in ng/ml.
{Mean values of 27 normal control subjects.
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IgG heavy and light chains for both the normal sub-
ject and the patient, indicating that there was no im-
pairment in immunoglobulin secretion by plasma cells
of the patient. The difference in the intensity of the
p and QA heavy chain bands in the fluorograms of the
immunoglobulins secreted by the normal subject’s and
by the patient’s cells probably are due to individual
variation in response to PWM.# Thus, immunoglobulin
synthesis and secretion by the patient’s lymphocytes
in vitro appears to be normal.

DiscussioN

This patient had severe a,-antitrypsin deficiency lead-
ing to emphysema, as evidenced by lung biopsy and
his clinical picture. In addition, he had hyperreactive
airways disease as demonstrated by methacholine and
histamine bronchial inhalation challenge and hypo-
gammaglobulinemia. To the best of our knowledge,
this patient represents the first described with q-l-
antitrypsin deficiency and the ZZ phenotype in associa-
tion with panhypogammaglobulinemia. Previous studies
of serum immunoglobulins in patients with chronic ob-
structive airways disease usually revealed a pattern of
increased gammaglobulins in patients with a;-anti-
trypsin, either homozygous or heterozygous.10:11

Common variable hypogammaglobulinemia is a heter-
ogenous group of disorders usually termed acquired in
contrast with Bruton’s type of agammaglobulinemia,
which is an x-linked disorder.® However, there have
been reports of familial aggregations of hypogamma-
globulinemia that are not x-linked Bruton’s disease.
Kirkpatrick et al? reported the existence of familial
hypogammaglobulinemia with low IgM as a marker,
especially on the paternal side. In our patient, findings
of mild hypogammaglobulinemia in the patient’s
mother and a low IgM level in the patient’s father was
interesting in two respects. The patient’s hypogamma-
globulinemia was probably congenital. The presence of
low IgM levels in both parents suggests that one or
more genes may transmit in an autosomal codominant
fashion low IgM as a manifestation of the heterozygous
state and panhypogammaglobulinemia as a manifesta-
tion of the homozygous state. It is unfortunate that the
patient had no siblings or children to test this possibility.
However, preliminary findings in a study of 24 rela-
tives of the patient showed that many members had
low IgM values, which supports the above hypothesis.
The finding of a quantitative serum deficiency as an
expression of the Gm gene, which codes for the constant
part of the IgG heavy chain in family members of pa-
tients with hypogammaglobulinemia,’* and the known
linkage of the Gm gene with the Pi gene!* supports the
possibility of a linkage between the Pi gene and the
gene (or genes) determining hypogammaglobulinemia.

An attempt was made to elucidate the mechanism of
our patient’s hypogammaglobulinemia. By administering
different antigens in vivo and measuring the antibody
response, it was clearly shown that the patient had a
deficient immune response. This is in contrast to many
cases of common variable hypogammaglobulinemia
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without immunodeficiency, ie, without an increased
frequency of infections. Sometimes immunodeficiency
can be selective.’® The patient had normal antibody
responses to tetanus and some pneumococcal serotypes,
but had abnormal or no response to other antigens
tested. Studies in vitro showed that the patient had a
normal number of B cells, as is usually found in common
variable hypogammaglobulinemia. The response of his
lymphocytes to mitogens was also normal and, in fact,
upon stimulation with PWM, the patient’s lymphocytes
were induced to synthesize and secrete immunoglob-
ulins in a normal fashion. In an experiment in which
lymphocytes from a normal subject and from the pa-
tient were cultured in the presence of the patient’s
serum, we observed that following stimulation with
PWM, no increase in cytoplasmic immunoglobulin-con-
taining cells was seen as compared with unstimulated
cultures. These results suggest that the presence of an
inhibitory substance or substances or suppressive serum
factor may be responsible for the hypogammaglob-
ulinemia in this patient.

In summary, a patient is described with homozygous
a,-antitrypsin deficiency, the PiZZ phenotype, hyper-
reactive airways disease, and common variable hypo-
gammaglobulinemia. The hypogammaglobulinemia ap-
pears to be a congenital regulatory defect with the
possibility of linkage to the Pi gene. In view of the above,
more patients with «,-antitrypsin deficiency should have
serum immunoglobulin determinations, especially those
with a clinical picture of increased infections, bronchiec-
tasis, or hypogammaglobulinemia. Studies of more pa-
tients with concomitant a,-antitrypsin deficiency and
hypogammaglobulinemia would be necessary to shed
light on the relationship between the genetic defects and
the clinical course of both diseases.
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Usefulness of Two-dimensional
Echocardiography for Detection of
Ventricular Septal Aneurysm with
Perforation After Acute Inferior
Myocardial Infarction*

Robert S. Gibson, M.D.;+ Harry L. Bishop, M.D.;t
George A. Beller, M.D., F.C.C.P.;t
and Randolph P. Martin, M.D.§

Two-dimensional echocardiography allowed direct vis-
ualization and localization of a postinfarction ventric-
ular septal aneurysm with rupture. Not only did this
noninvasive technique permit visualization of the septal
defect in this patient, but the extent of residual left
ventricular contractile function was also reliably deter-
mined. The echocardiographic findings were corrobo-
rated by cardiac catheterization data and by intraoper-
ative and histopathologic examination. Thus, in the
evaluation of a seriously patient with complicated
myocardial infarction, two-dimensional echocardiog-
raphy appeared to provide anatomic and functional
information that was used to guide management and
predict surgical outcome.
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Rupture of the ventricular septum is a rare, but often
catastrophic, complication of acute myocardial in-
farction (MI). It can follow MI by several hours to
several weeks, and the overall mortality is high: 25
percent of patients die within three days, 50 percent
within one week, and 90 percent within two months
after detection of the rupture.!-3 Clinically, this compli-
cation may be difficult to distinguish from acute incom-
petence of the mitral valve.* Bedside catheterization
using a flow-directed balloon catheter (Swan-Ganz)
has been helpful in establishing the diagnosis and
quantifying the amount of left-to-right shunting at the
ventricular level;* however, the extent and severity of
accompanying ventricular asynergy can not be appreci-
ated.

Recently, several reports have indicated the feasibili-
ty of two-dimensional echocardiography (2D echo) for
visualizing post-infarction ventricular septal defects.®?
Since septal infarction and rupture are often associated
with aneurysms of the adjacent ventricular wall,38
we report herein the use of 2D echo for direct visualiza-
tion and localization of a ventricular septal defect with
an accompanying aneurysm.

CaseE REPORT

A 60-year-old man experienced new onset angina pectoris
three weeks before admission. Two weeks before admission,
the patient was hospitalized elsewhere because of severe
chest pain associated with dyspnea. Physical examination
revealed normal vital signs, bibasilar rales, and a new
holosystolic murmur with an associated parasternal thrill.
The ECG showed a pattern of inferior MI, and enzyme
studies confirmed a recent infarct. Bedside catheterization
using a Swan-Ganz catheter disclosed a left-to-right shunt
at the ventricular level with Qp:Qs 2.7. The mean pulmo-
nary wedge pressure was 21 mm Hg. After two weeks of
stabilization the patient was transferred to our institution for
continued treatment and surgical correction.

Upon admission, the patient was in no apparent distress,
with a heart rate of 98/min and blood pressure of 110/70
mm Hg. The jugular venous pressure was normal. A promi-
nent systolic thrill was palpable along the left sternal
border, and a grade 4/6 harsh holosystolic murmur was
heard over the entire precordium. There was no S, gallop.
Bibasilar rales were present.

The ECG showed recent inferior MI with persistent ST
segment elevation in leads 2, 3, and aVF. The chest roent-
genogram showed mild cardiomegaly and pulmonary ven-
ous congestion.

Two-dimensional echo was performed to assess the loca-
tion and size of the postinfarction ventricular septal de-
fect (VSD), to determine the presence or absence of an
inferior aneurysm, and to evaluate overall myocardial per-
formance. A commercially available 3.0 MHz mechanical
sector scanner (ATL-Mark III) was used. Complete ultra-
sonic examination was performed as previously described.?
The long axis parasternal view disclosed a normal mitral
apparatus and left ventricular dimension. The outflow
(anterior-basilar) portion of the ventricular septum was
intact and contracted vigorously. Short axis views disclosed
a discrete region of myocardial thinning and an aneurysmal
bulge in the inferior-posterior septum. Although suspected,
the VSD could not be visualized within the aneurysm.
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