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Hereditary angioneurotic oedema: an unusual
cause of recurring abdominal pain'
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SUMMARY Two patients with hereditary angioneurotic oedema, a condition characterized
by repeated episodes of abdominal pain and oedema, and by an absence of complement-1
esterase inhibitor activity in the plasma are presented in detail. Both underwent multiple
surgical procedures before the diagnosis was established. Abdominal pain is often the pre-
senting complaint, and although a complete history will usually lead to the proper diagnosis,
cases in which the family history is not clear can present a diagnostic dilemma. Characteristic
radiological demonstration of localized intestinal oedema will only be obtained if studies are
performed early during the acute attack.

Hereditary angioneurotic oedema is an auto-
somal dominant trait characterized biochemically
by low serum complement-l(C'1) esterase in-
hibitor activity, and clinically by recurring
episodes ofabdominal pain and non-inflammatory
localized oedema. Although the major symptom
is recurrent severe abdominal pain, the condition
is rarely recognized by gastroenterologists and
there are few references to it in leading textbooks
of gastroenterology. Yet reports of this condition
can be traced back to 1733 (Barnett, 1948). It was
first clearly described by Quincke in 1882, and its
genetic aspect noted by Osler in 1888. Although
scattered case reports and reviews appeared dur-
ing the first half of the 20th century (Landerman,
1962), interest in the disorder slackened until the
1960s when the identification of specific biochem-
ical defects led to a 'rediscovery' of hereditary
angioneurotic oedema (Landerman, Webster,
and Ratcliffe, 1962; Donaldson and Evans, 1963).
The surfeit of cases reported around the turn of
the century, and the 1966 report of Donaldson
and Rosen that in three years they noted more
than 100 patients with this condition, suggest that
hereditary angioneurotic oedema is more common
than most physicians recognize.
Two patients, each from different families and

each with a characteristic history, present an
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opportunity to review the disorder with emphasis
on its gastrointestinal manifestations.

Case 1

MZ., a 35-year-old female school teacher, has
had recurring attacks of abdominal soreness
since childhood. The episodes have remained
similar throughout the years, and she feels
entirely well between episodes. Each episode
begins with an increasing sense of nausea and
soreness, usually in the lower abdomen bilaterally
and is occasionally accompanied by several loose
bowel movements. The nausea gradually in-
creases in severity and may be associated with
vomiting. She lies very still as movement provokes
vomiting. The attacks last from 10 to 24 hours
and then slowly subside. During an attack the
abdomen is tender, without localization or signs
of peritoneal inflammation. After an attack she
feels tired, but otherwise well, and by the next day
is completely well. She has noted no clear-cut
precipitating cause and no definite relief with a
variety of medications. There has been some
tendency, however, for the attacks to occur at
times of menstrual periods. The episodes occur as
frequently as once a week and as rarely as once
every three months. Her general health has
remained good and her weight has been stable.
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She has undergone two operations. In 1954 a
presumptive diagnosis of regional enteritis led to
an ileal-colonic bypass; biopsy showed mild
mucosal inflammation and submucosal oedema
of the terminal ileum. Mesenteric lymph nodes
were enlarged and hyperplastic. In 1965 again a
presumptive diagnosis of regional enteritis and
the failure of prednisone to eliminate attacks led
to excision of the excluded terminal ileum and
right hemicolon, and an ileotransverse colostomy
was performed. Pathological examination of the
ileum and colon revealed only serosal fibrosis:
the mucosa was unremarkable and there was no
evidence of regional enteritis.

Since childhood the patient has had infrequent
recurring episodes of swelling involving the hand,
face, neck, and posterior pharynx which have
required hospitalization on three occasions. The
swelling begins in a localized area, such as an arm,
and gradually extends; after 12 to 24 hours, the
swelling subsides. There is no itching, burning,
or redness. No specific exciting causes have been
recognized. Neither epinephrine nor corticos-
teroids have been of benefit. The abdominal
symptoms usually occur without oedema else-
where. The patient's father had several episodes of
swelling involving only his hand, usually after
local trauma. Neither her mother, brother, nor
two children have any history of episodic swelling
or of abdominal pain.

In September 1967 a barium meal during an
attack of abdominal pain revealed marked
oedema of the proximal small intestine and

delayed emptying of the stomach (Fig. 1). The
small bowel was normal when studied during an
asymptomatic interval (Fig. 2). Serum com-
plement-1 esterase inhibitor activity studied in
the laboratory of Dr K. F. Austen was low: in
contrast to a normal level of 2.14 ± 0.87 mg/ml
the patient's level was 0(3 mg/ml, the father's was
0-1 mg/ml; the patient's sister and both children
had normal levels.

Case 2

E.V., a 46-year-old housewife, has a long history
of recurring abdominal pain and oedema. Since
her early teens she has noted intermittent localized
oedema of the limbs, trunk, neck, and face. This
has been neither painful, pruritic, red, nor hot,
and usually lasts two or three days before abating
completely. Oedema is unrelated to any activity,
food intake, position, medication, time of day,
season, or emotional state. Local trauma has
been noted on occasion to result in a mild attack.
There has been no pattern of frequency, epi-
sodes coming from two or three weeks to
several months apart. Medication has never had
any effect on the course of the oedema. She has
not at any time suffered from pharyngeal or
laryngeal oedema.
The patient has also had intermittent abdom-

inal pain since childhood, the onset of the
abdominal pain preceding the onset of the re-

Fig. 1 Barium swallow in patient 1 during an acute Fig. 2 Repeat examination after the episode had
episode ofabdominal pain demonstrating small ended demonstrating complete resolution of the
bowel oedema. oedema.
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curring oedema by several years. The pain varies
in character and location, but is always well
localized during a particular attack. Marked
nausea and vomiting accompany the pain, but
diarrhoea is rare. The episodes last 12 to 36 hours
before spontaneously abating, and are accom-
panied by severe prostration and anxiety.
Physical examination during these episodes has
been consistently normal, the abdomen always
being described as soft, without rigidity, rebound
tenderness, or guarding despite severe local
tenderness. As with the oedema, she is unable to
relate the pain to any specific precipitating cause,
and likewise no specific treatment other than
narcotics has given relief. She has never found
any relationship between the oedema and the
abdominal pain.
The patient has been admitted to hospital many

times, the first when she was 12 when she under-
went an appendectomy. Between 1953 and 1968
she was admitted 20 times and has undergone nu-
merous other surgical procedures including, in
order, ovarian cystectomy, cholecystectomy, hys-
terectomy with oophorectomy, and exploratory
laporotomy. Extensive chemical, haematological,
and pathological evaluation has likewise been
unrevealing. Diagnoses have, at different times,
included pancreatitis, cholecystitis, common duct
stone, ruptured ovarian cyst, renal stone, pyelone-
phritis, intestinal obstruction, duodenal ulcer, and
ulcerative colitis. During one admission it was
concluded that she represented a 'classic example
of abdominal hysteria'.

Several aspects of her hospitalizations are of
interest. In June 1954 at cholecystectomy the
operative note describes 'oedema in the hepatico-
duodenal ligament as well as oedema of the fat
overlying the pancreas with a normal pancreas
beneath'. No gallstones were found. In November
1954, while pregnant, she developed mild hyper-
tension, proteinuria, and oedema. The oedema
was unusual and she was felt to have an 'allergic
component to toxaemia'. She spontaneously
aborted in her sixth month. In July 1959 during
an episode of severe lower abdominal pain she
was noted to have bulging in the right cul-de-sac.
A culdocentesis removed 250 ml of clear yellow
fluid and the pain was instantly relieved. In
December 1954, one day after a severe episode of
vomiting, diarrhoea, and abdominal pain, she
developed a pleural effusion, fever, chest pain,
and haemoptysis which were then considered to
represent a pulmonary embolism. Marked haemo-
concentration was present on admission, an
initial haematocrit of 61 % falling to 40% within
two days.
The patient first came to our attention in 1969

when her brother was being studied for hereditary
angioneurotic oedema because of his long history
of abdominal pain and characteristic oedema. By
arrangement the patient was admitted to the
hospital in April 1969 early in the course of an
attack of abdominal pain. Radiographic study

of the upper gastrointestinal tract was performed
immediately upon admission and showed evidence
of marked duodenal oedema. Within the first
hour only a small amount of contrast material
passed the pylorus. A Quentin-Rubin small-bowel
biopsy tube would not pass the pylorus during the
acute stage. Three days later, with the patient
asymptomatic, a repeat barium study was com-

pletely normal and the biopsy tube passed readily.
At this time the small bowel mucosa was seen to
be histologically normal by light and electron
microscopy. Routine laboratory studies were also
completely normal. The diagnosis was confirmed
by the demonstration in Dr V. Donaldson's
laboratory of low levels of C'1 esterase inhibitor.
The patient's family history and a table of the
levels of inhibitor in each is given in Figure 3 and
the Table.

Patient Symptoms Inhibitor (units/mi)
(N = 58 .18)

II-1 No 5.7
11-2 Yes 0
II-S Yes 0
III-1 No 6-8
III-2 No 8-1
III-3 Yes 0
III-4 No 10-6
III-S No 7-8
III-6 Yes 0
Ill-7 No 6-6
lII-8 Yes 0

Table C'i esterase inhibitor levels in the family of
case 2 (see Fig. 3).

2
I H

70

1 2 3 4 5 6

41 43 45 41 / 47 50

1b 2 3 4 5b 6 7 8

13 11 8 6 4 25 23 12

Fig. 3 Pedigree ofpatient 2.
Key: , 0 = normal male, female. *, C =

diagnosed hereditary angioneurotic oedema. f =
historical evidence of angioneurotic oedema. The
arrow indicates the proband. A superscript indicates
the position in the pedigree, and subscript the patient's
age.

Discussion

Oedema of the bowel has long been accepted as
a cause of gastrointestinal symptoms. A low
plasma oncotic pressure, local inflammation, and
local allergens may all lead to intestinal oedema.
The hereditary form represents only a small
fraction of these, but it is specific and it is impor-
tant to recognize it.
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BIOCHEMICAL ASPECTS

A specific biochemical defect underlies the con-
dition. The complement system is a complex
group of proteins involved in immune reactions
and reacting via a 'cascade' system (Schur and
Austen, 1968). The first component of this reaction
exists in a precursor form in plasma (Naff,
Pensky, and Lepow, 1964). Upon interacting with
an antigen-antibody complex it is activated to C'1
esterase (C'la) (Donaldson and Evans, 1963). In
vivo this enzyme has as its natural substrates
other parts of the complement chain, comple-
ment-2 (C'2) and complement-4 (C'4) (Becker,
1960). In vitro the esterase act on several synthetic
organic esters, the most specific being N-acetyl-1-
tyrosine ethyl ester (Haines and Lepow, 1962):
a method of detection and quantitation is based
on this latter substrate (Levy and Lepow, 1959).
An inhibitor to C'1 esterase is normally present
in the serum and acts to maintain low levels of
C'la in the 'resting' state and to reduce elevated
levels during reactions involving the complement
chain. Persons with hereditary angioneurotic
oedema lack this inhibitor activity and, conse-
quently, abnormally high levels of active C'1 are
found in the plasma (Donaldson and Evans,
1963), and the natural substrates of C'1 esterase
(C'2 and C'4) are found in decreased concen-
trations (Austen and Sheffer, 1965). In most
persons with hereditary angioneurotic oedema
not only is the inhibitor reduced in activity when
measured chemically but it is also reduced in
amount when measured immunologically. A small
group of patients, however, show normal levels
of proteins to immunological study but the pro-
tein is chemically inactive (Rosen, Charache,
Pensky, and Donaldson, 1965).
The mechanism whereby biochemical changes

effect oedema is not yet completely understood.
C'1 esterase increases vascular permeability in
both man and guinea pig (Ratnoff and Lepow,
1963; Burdon, Queng, Thomas, and McGovern,
1965): the active particle is a small polypeptide
released from C'2 by the action of C'1 esterase
(Klemperer, Rosen, and Donaldson, 1969). This
polypeptide is probably unrelated to bradykinin
(Donaldson, Ratnoff, da Silva, and Rosen, 1969)
and increases vascular permeability by a mech-
anism different from that of histamine (Klem-
perer, Donaldson, and Rosen, 1968). That C'2 is
the source of the active particle is supported by
the finding that persons with an hereditary
absence of C'2 show a markedly diminished
increase in permeability when tested with C'1
esterase compared with normals (Klemperer,
Austen, and Rosen, 1967).

Systems other than complement may play a
role in hereditary angioneurotic oedema. PF/dil,
a permeability factor generated when saline-
diluted plasma comes in contact with a glass
surface (Miles and Wilhelm, 1955), may be
elevated in affected patients (Landerman et al,
1962). Other abnormalities have included a de-

crease in the levels of plasma kallikrein inhibitor,
a substance inhibiting the conversion of an
alpha-2 globulin precursor, kininogen, into a
vasoactive polypeptide, kinin (Landerman et al,
1962). It has been suggested that kallikrein and
PF/dil may participate in events leading to the
initial activation of C'1 (Donaldson, 1968).
Supporting this is the finding that the inhibitor
of C'1 esterase also acts to inhibit PF/dil and
kallikrein (Kagen and Becker, 1963). Such a
concept would lend some unity to these isolated
observations on some of the factors involvedinthe
initiation, spread, and regression of the oedema.

HISTOLOGICAL ASPECTS
That the bowel is oedematous during acute
attacks has long been known: a specimen of
pyloric mucosa recovered during a gastric analysis
in 1904 showed marked mucosal and submucosal
oedema (Morris, 1904). Electron micrographic
study of a small-bowel biopsy specimen taken
from the brother of case 2 while he was having a
mild attack of abdominal pain showed marked
dilatation of the intercellular spaces along the
lateral borders of the cells (Fig. 4). The significance
of this finding is not clear. It may represent fluid
transport (Kaye, Wheeler, Whitlock, and Lane,
1966) but neither direction nor flow rate can be
determined from the specimen. The dilated spaces
are not fixation artifacts, as other biopsies pro-
cessed in the same laboratory by identical tech-
niques have not shown this finding. Light micro-
scopic examination of the same section showed
only mild oedema of the lamina propria.

CLINICAL ASPECTS
Each patient has a characteristic history and
findings. The onset of symptoms is usually in late
childhood, but may vary from infancy (Wason,
1926) to the late 50s (Thorvaldsson, Sedlack,
Gleich, and Ruddy, 1969). The episodes of
localized oedema usually occur suddenly, with
little warning. The areas are hard, seldom painful
or pruritic, and often are sharply demarcated
from adjacent normal tissue. They are pale,
rarely red, and usually cool to touch. They are
tense, but do not pit. Although the oedema may
involve all parts of the body, the face, limbs, and
trunk are most often involved. In children a
curious, self-limited, rapidly abating, red mottling
of large areas of skin may precede by years the
development of other symptoms (Donaldson and
Rosen, 1966). Although the cutaneous oedema
is localized, self-limiting, and not harmful,
oedema of the larynx is unfortunately common
and often lethal. Although no proof is available,
patient 2 had four uncles who died of 'asthma'
in childhood, all of whom may well have
succumbed to laryngeal oedema.
The recurrent severe abdominal pain often

represents a diagnostic dilemma,particularlywhen
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Fig. 4 Electron micrograph of crypt cells of the
small bowel showing intercellular oedema in a patient
with hereditary angionetrotic oedema. A represents
a normal intercellular space and B collections offluid
within these spaces.

it precedes the onset of the oedema by several
years. Occasionally, patients may suffer only
from abdominal pain, oedema never occurring
(Sheldon, Schreiber, and Lovell, 1949; Biering,
1956; Landerman, 1962). The absence of an
obvious family history of the disorder is not
always helpful. Relatives may have only mild
symptoms, may never have sought medical treat-
ment, or may be asymptomatic despite low levels
of C'1 esterase inhibitor (Donaldson and Rosen,
1966). Presumably in some patients hereditary
angioneurotic oedema may arise as a mutation,
both parents having normal levels of inhibitor
(Lundh, Laurell, Wetterqvist, White, and Gran-
erus, 1968). The patient may further complicate
the diagnostic problem by failing to mention
episodes of oedema if they are not connected with
the pain.

Pain may be present anywhere in the abdomen
and may mimic many other abdominal disorders.
As might be expected, the pain pattern varies with
the location of the oedema which has been
described in the caecum, small bowel, retro-
peritoneal space, urinary system, and elsewhere
(Blaustein, 1926; Biering, 1956). In our second

patient, pelvic oedema seems clearly to have been
present. Through the gastroscope during an
attack of severe epigastric pain, striking oedema
of the gastric mucosa has been observed which,
three days later, returned completely to normal
(Lundbaek, 1940). In one report '. . . a uterus
which in thirty minutes presented above the
pelvis as large and to the touch very much the
appearance of a twenty-pound cannon ball...'
is described (Crowder and Crowder, 1917). During
an attack the abdomen, although locally tender, is
soft, with no rigidity or guarding and usually
normal bowel sounds are present. Laboratory
data are usually normal with no eosinophilia. On
occasion marked intravascular dehydration has
led to a haematocrit as high as 70% (Donaldson
and Rosen, 1966).
The diagnosis can be difficult and the recurrent

abdominal pain often provokes unnecessary
surgery, a fact unfortunately well demonstrated
in both the present patients. The radiological
demonstration of intestinal oedema, as shown in
Fig. 1, can be very helpful only when the examina-
tion is done while the patient is still symptomatic.
Too often, however, the contrast study is delayed
a day or two until the acute episode 'stabilizes'
and such a delay permits resolution of the oedema
so that the diagnosis is missed, as shown by the
multiple negative radiological studies in both our
patients.

Treatment is unsatisfactory. Methylesto-
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sterone has been proposed for the prevention of
frequent attacks (Spaulding, 1960) and some have
had intermittent success using it (Donaldson and
Rosen, 1966). Epsilon amino caproic acid has
likewise been used for prophylaxis with mixed
results (Lundh et al, 1968). Neither drug has any
effect once an attack has begun. Obviously, the
episodic nature of the disorder makes evaluation
of any agent quite difficult. Fresh frozen plasma
has recently been successfully used to abort acute
episodes in two patients, one with abdominal
pain and the other with laryngeal oedema
(Pickering, Kelly, Good, and Gewurz, 1969). The
infusion elevated the level of C'1 esterase inhibitor
in the recipients' plasma. Plasma given early
might aggravate rather than ameliorate an attack
by supplying additional substrate as well as
inhibitor (Rosen and Austen, 1969). The risk of
infusion of plasma must be considered when
treating a self-limiting non-fatal complication.
The treatment of laryngeal oedema, however,
may well require plasma infusion.

We should like to thank Drs K. F. Austen, V. H.
Donaldson, and F. R. Rosen for the C'1 esterase
inhibitor analyses, and Drs A. M. Stein. C. E.
Arbesman of Buffalo, N.Y, and Dr D. R. Sokhos
of New Haven, Conn, for referring their patients
to us. The electron micrography was done by
Miss Lillemor Wallmark and Dr Raymond
Yesner.
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