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Von Hippel-Lindau disease, an autosomal domi-
nant condition with complete penetrance, has been
recognized in a large family that originated in
Newfoundland but has some members who live in
New Brunswick and Ontario. A collaborative in-
vestigation was begun in 1982 to document the
number of affected members and the extent of
their disease and to improve management of the
disease. The condition has been documented in 38
members of the family, 28 living and 10 dead. The
most common manifestations are retinal angioma
(present in 60% of the gene carriers) and pheo-
chromocytoma (present in 53%). Of the 28 living
affected members 14 had been identified before the
study began. Only 3 of the 14 patients in whom
the disease was subsequently diagnosed presented
with symptoms; in the remaining 11 the condition
was detected by routine screening. Overall the
mean age at the time of diagnosis was 23 years; in
the 21 affected members of the fourth generation it
was 18 years. The authors outline a regimen of
regular screening for members at risk that has
evolved as a result of their experience with this
family.

La maladie de von Hippel-Lindau se transmet sur

le mode dominant autosomique a penetrance com-

plete. On la trouve dans une vaste famille originai-
re de Terre-Neuve qui a essaime quelque peu au

Nouveau-Brunswick et en Ontario. Des 1982 on

entreprenait une enquete multicentrique afin de
depister les personnes atteintes, d'etablir l'impor-
tance de leur maladie et d'ameliorer les traitements
offerts. On a repertorie 38 personnes dont 28
vivent encore. II s'agit surtout d'angiomes retiniens
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(chez 60% des personnes atteintes) et de pheochro-
mocytomes (chez 53%). Parmi les 28 survivants, 14
etaient deja reconnus au moment du debut de la
presente etude. Des 14 sujets chez qui on a pose le
diagnostic par la suite, seuls 3 presentaient des
symptomes; les 11 autres sont reconnus grace au
depistage systematique. L'age moyen au moment
du diagnostic est 23 ans; il s'abaisse a 18 ans pour
les 21 malades de la quatrieme generation. A la
lumiere de leurs constatations chez cette famille, les
auteurs proposent un programme de surveillance
des personnes exposees au risque.

on Hippel-Lindau disease is an autosomal
dominant condition with virtually complete
penetrance and highly variable expressivi-

ty. Carriers of the gene have increased susceptibili-
ty to a variety of phakomatous neoplasms of
neuroectodermal origin, in particular retinal angio-
ma, cerebellar, medullary and spinal cord heman-
gioblastoma, pheochromocytoma and renal cell
carcinoma (hypernephroma) as well as paragangli-
oma and cysts of the pancreas, kidney, adrenal
gland and other abdominal organs.'

Melmon and Rosen2 reviewed the contribu-
tions of von Hippel and Lindau in describing the
major manifestations of the disease early in this
century. Only pheochromocytoma was included
later, by Glushien and colleagues.3 Clinical and
genetic aspects have recently been reviewed by
Hardwig and Robertson4 and by Go and associ-
ates,5 who have reported the largest kindred so far
(41 affected members among 220 descendants of a
Puerto Rican couple).

In a study of several families,' retinal angio-
mas were the most frequent clinically evident
lesions (58% of members affected), followed by
cerebellar hemangioblastomas (36%), renal cell car-
cinomas (28%) and pheochromocytomas (10%).
However, the types of tumours and their frequen-
cies vary from one family to another. In one family
12 of 13 members had pheochromocytoma;6 in
another, 10 of 11 members who proved to be

CAN MED ASSOC J, VOL. 134, JANUARY 15, 1986 133

-d-



affected had cerebellar hemangioblastoma.2 In a

third family hypernephroma was the main serious
manifestation, occurring in five of six affected
members.7 A follow-up study identified three more
affected members, who had renal cysts only.8

Von Hippel-Lindau disease has been recog-
nized in a large Newfoundland family. Although
some members of the family had been seen by
individual physicians in the past, a collaborative
investigation was begun in 1982 to document the
number of affected members and the extent of
their disease and to improve management of the
disease. In this family, with 38 affected members,
retinal angioma and pheochromocytoma are both
common, occurring in 23 (60%) and 20 (53%)
respectively of the 38; cerebellar hemangioblas-
toma, frequent in other families, appears in only 7
members (18%).

The protean manifestations of the condition
and the importance of early diagnosis have led us
to develop a protocol for periodic review that may
be helpful to those who become involved with the
medical care of family members at risk.

Genetic features

The family ancestors trace back to the Bona-
vista Peninsula of Newfoundland; descendants
have migrated to other parts of the island, to New
Brunswick and to Ontario. The pedigree is pre-

sented in Fig. 1. Of the 38 family members affected
10 have died; autopsy findings for 3 have been

reported by Rho.9 Three dead members (1-2, II-1
and II-5) are considered to have been affected on
the basis of presumptive historical evidence and
affected offspring. Two other members are pre-
sumed to have been affected: III-2, who was blind
in one eye when accidentally killed at age 29, and
IV-29, who had a cerebral hemorrhage and died
following "severe toxemia of pregnancy". The
clinical findings most likely resulted from pheo-
chromocytoma.

The pattern of inheritance is clearly autosomal
dominant with complete penetrance. In the first
four generations (generation V is too young to be
included) the ratio of affected to unaffected off-
spring of affected members is 36:28, close to the
expected ratio of 1:1. There is no evidence of
segregation distortion, the ratio being 18:15 for
offspring of affected men and 18:13 for those of
affected women. Excluding the five members pre-
sumed to have been affected and the members not
yet examined does not change these ratios appre-
ciably. There is no case of transmission through an

unaffected parent.
X-linked dominant hypophosphatemic vita-

min-D-resistant rickets, also present in the family,
is inherited independently of the autosomal domi-
nant von Hippel-Lindau trait, as would be expect-
ed.

Clinical features

The clinical details of the affected family
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Fig. 1 -Pedigree of Newfoundland kindred with von Hippel-Lindau disease.



members were culled from an extensive review of
medical and autopsy records of family members in
Newfoundland, New Brunswick and Ontario and
from examination of 42 of the 44 family members
living in Newfoundland and known to be affected
or at risk because of an affected parent.* The two
not yet examined are a 2-year-old girl, who will be
examined when she is 3, and a 70-year-old woman
(II-4), apparently free of the disease, who has 26
unaffected descendants. Five children who have a
young, asymptomatic parent but an affected grand-
parent were also examined since the parent might
be carrying the gene but not yet have shown
manifestations of the disease.

The most common clinical manifestations of
von Hippel-Lindau disease in this family and the
median age at the time of diagnosis of the various
lesions are shown in Table I. Among the 31
affected members for whom the information was
available, retinal angioma was the first manifesta-
tion in 16 (52%), pheochromocytoma was the first
manifestation in 14 (45%) and cerebellar hemangio-
blastoma was the first and only manifestation in 1
(3%). Since there was no obvious tendency for
regular association of the various manifestations,
in a member with retinal angioma the chance that
pheochromocytoma will develop could be consid-
ered to be about 53%, and the chance that cerebel-
lar hemangioblastoma will develop, 18%.

The average age at the time of onset in the
cases in which this information was available was
23 years. It is clearly earlier in the later genera-
tions; this is almost certainly due in part to the
surveillance that has been in progress since 1982.
In generation IV the mean age at the time of
recognition was 18 years, compared with 33 years
in the three previous generations.

Any syndrome with variable expression and
variable age at the time of onset presents a serious
problem to physicians in terms of identifying the
affected people. When the consequences of unde-
tected disease are as serious as in von Hippel-
Lindau disease, it is crucial to identify affected
people early, when treatment can be successful,
and to plan a surveillance system to identify

*A table of the clinical details of all the affected members is
available on request.

further lesions as they occur. Our recommenda-
tions and the experience on which they are based
are as follows.

Retinal angioma

In 10 of the 23 members of this family with
retinal angioma, the lesions are bilateral. All those
who have been followed by us for more than 2
years have had at least one recurrence, and four
have had several. Since the angiomas are generally
in the periphery, they are asymptomatic in the
early stages and can be detected at this readily
treatable stage only by means of indirect ophthal-
moscopic examination, with the pupils fully dilat-
ed.

The retinal angiomas varied in size when first
identified from a scarcely visible dilation at the
end of the vessel to a raised lesion of one or two
disc diameters (Fig. 2). Asymmetry of vessels
arising from the disc was sometimes the first clue
that an angioma was present in a particular quad-
rant (Fig. 3). Exudate at the posterior pole of the eye
similarly pointed to a leaking angioma in the
superior quadrants of the retina (Figs. 4 and 5). Six
patients have an angioma on the surface of the
optic disc; in patient IV-3 it showed up more
clearly with fluorescein angiography than by
means of direct inspection (Figs. 6 and 7).

Although there are examples in the literature
of small retinal angiomas being followed untreated
for extended periods,1o changes may occur very
rapidly, so that the lesion becomes very difficult to
eradicate or control. Patients in this family who
had a large angioma or multiple angiomas when
first seen have had to have repeated laser treatment
and cryotherapy to new areas of activity within old
lesions. Two patients from the early generations
had bilateral blindness, and another eight were
unilaterally blind.

We have observed a new retinal tumour, larger
than one disc diameter, in a 42-year-old woman
(III-10) 1 year after indirect ophthalmoscopic exam-
ination had shown the retina to be completely
normal. The youngest age at which a retinal
angioma was detected was 4 years. Therefore, no
age can currently be regarded as exempt, and we
suggest that retinal examination be done at least
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yearly in those known to be at risk and every 6
months in those with any aspect of the disease.

Pheochromocytoma

The lowest age at which pheochromocytoma
was diagnosed in this family was 11 years. Bilater-
al tumours have been documented in 12 of the 20
family members affected, either at the time of
initial presentation or as a recurrence in the second
adrenal gland. One patient had an extra-adrenal
pheochromocytoma (paraganglioma), and in one
case the pheochromocytoma was malignant, with
metastases.

In the earlier generations pheochromocytoma
was detected only after a hypertensive crisis or at
autopsy. Two women (IV-9 and IV-34) who were
apparently asymptomatic and who were ultimately
found to have pheochromocytoma had had "tox-
emia of pregnancy", which might well have been
the first expression of the tumour. The same
applies to another woman (IV-29) who had a
cerebral hemorrhage following "toxemia of preg-
nancy". In affected families the diagnosis "toxemia
of pregnancy" should arouse suspicion of pheo-
chromocytoma. As well, any evidence of unusual

headache, high blood pressure or postural hypo-
tension justifies investigation for pheo-
chromocytoma.

Affected members and those at risk should be
seen annually by pediatricians or internists, de-
pending on age. Blood pressure should be taken
with the patient lying and standing, and a 24-hour
collection of urine should be taken. Since the
vanillylmandelic acid (VMA) assay has sometimes
given false-negative results, urinary catecholamine
or metanephrine assays are now being done. Bio-
chemical evidence of pheochromocytoma requires
computed tomography (CT) scanning with a con-
trast agent to localize the lesion in the adrenal
gland or elsewhere. Variable blood pressure or
postural hypotension without an increased urinary
catecholamine level requires measurement of the
plasma catecholamine level. Pheochromocytoma,
confirmed by CT scanning, was found in a
22-year-old woman (IV-9) with low to normal
VMA and urinary catecholamine levels (Fig. 8); a
plasma catecholamine assay was done because of
postural hypotension, and a high norepinephrine
level was found. To prevent a hypertensive crisis,
surgery is recommended when pheochromocytoma
is identified, even when there is no significant
hypertension.

Fig. 2-Retinal angioma in tem- Fig. 4-Exudate at macula in left
poral periphery of right eye of eye of patient IV-37, evidence of
patient IV-36. leaking angioma.

Fig. 3-Asymmetry between Fig. 5-Retinal angioma in superi-
upper and lower vessels at disc in or periphery of left eye of patient
right eye of patient IV-36. IV-37.

Fig. 6-Capillary angioma on
temporal aspect of disc in left
eye of patient IV-3 (appears as
fanlike vessels). Compare with
Fig. 7.

Fig. 7-Fluorescein angiogram of
angioma on temporal aspect of
disc in left eye of patient IV-3,
showing leakage.
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Cerebellar hemangioblastoma

CT scanning of the brain in an asymptomatic
23-year-old woman (IV-8) who had previously been
treated for retinal angioma showed a cerebellar
midline hemangioblastoma whose image was en-

- I

Fig. 8-Computed tomography (CT) scan of upper
abdomen of patient IV-9, showing pheochromo-
cytoma of right adrenal gland (+), posterolateral to
inferior vena cava.

Fig. 9-CT scan of head of patient IV-27, showing
enhanced image of lesion in right posterior cerebel-
lar hemisphere.

hanced with a contrast agent; the tumour had not
been apparent on a CT scan 6 months earlier. The
lesion and a smaller one were defined with angiog-
raphy. It may be impractical to perform CT scan-
ning of the brain every 6 months, but we think it
should be done in the late teens as a base-line
study and yearly in those with any other manifes-
tation of the disease. CT scanning of the brain
with a contrast agent (Fig. 9) should be performed
with particular attention to the posterior fossa but
not ignoring other regions. All those at risk, both
affected and unaffected, should have an annual
neurologic examination; suggestive signs necessi-
tate CT scanning of the brain or spinal cord. Any
lesions detected should be further defined with
angiography (Fig. 10), and the timing of surgery
should be decided by the neurosurgeon.

Hypernephroma

Although hypernephroma has been identified
only once in this family, in an elderly, severely
affected man, the literature suggests that this
tumour, as demonstrated at autopsy, is much more
common than is clinically recognized and may
have previously been missed in some family mem-
bers.' Screening by annual CT scanning of the
abdomen has been recommended in families in
which hypernephroma is common," but we feel
that the exposure to radiation is not warranted in
this family. We recommend annual ultrasonogra-
phy of the kidneys starting from the teenage years,
with a single base-line CT scan done in the
mid-20s. Suspicious results of ultrasonography are
followed up by CT scanning or laparotomy, as
indicated.

Cystic disease

In von Hippel-Lindau disease, cysts are fre-
quently seen in the kidney, liver, pancreas and
other abdominal organs; they have been document-

Fig. 10-Left vertebral arteriogram from patient
IV-27, showing cerebellar hemangioblastoma 2 cm

in diameter.
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ed in seven members of this family (Fig. 11).
Although the cysts are usually present without
symptoms, they are an important diagnostic fea-
ture of the disease and may well be the first
indication that a person at risk is carrying the
gene. Radiologists reading the results of ul-
trasonography or CT scanning of the abdomen
should take particular note of the presence of cysts
in any abdominal organs.

Discussion

While the screening program for any particu-
lar family should be directed toward the lesions
known to be most frequent in that family, the rarer
lesions, such as medullary hemangioblastoma,
pancreatic adenoma and meningioma, must be
kept in mind.

Of the 28 living affected members of this
family 14 had been identified before the study
began. Among the 14 members identified since
then, pheochromocytoma was coincidentally iden-
tified in 1 during other medical investigations, 1
member presented with visual loss and was found
to have multiple retinal angiomas and retinal
detachment, and 1 was investigated because of
recurrent high blood pressure and was found to
have bilateral pheochromocytomas and bilateral
retinal angiomas. The remaining 11 members were
asymptomatic, and the diagnosis was made during
routine screening: retinal angiomas were found in
6, pheochromocytomas in 4, and retinal angiomas
and pheochromocytomas in 1.

The average age at the time of death for the 10
affected members who have died was 37 years. The
specific cause of the earliest death is unknown, and
one death was accidental. Of the remaining eight
deaths seven can reasonably be attributed to hy-
pertension from unrecognized pheochromocytoma
or complications of cerebellar or spinal cord he-
mangioblastoma. In contrast, 10 members in
whom pheochromocytoma was diagnosed within
the past 10 years and 1 member with cerebellar
hemangioblastoma have all had surgery, with good
results.

-10, showing.multiplecysts

The family has received extensive genetic
counselling and support. In addition, an educa-
tional pamphlet has been prepared for circulation
to family members explaining the mode of inheri-
tance, the potential risks of the disease and the
possible symptoms and outlining the screening
program and the recommended treatment. Since
family members are at risk for one or more of
several lesions - in particular, retinal angioma,
pheochromocytoma and cerebellar hemangioblas-
toma - regular surveillance of first- and second-
degree relatives and of family members in whom
one of the identifying lesions has developed is of
paramount importance. Our suggested screening
regimen includes the following:

* Ophthalmologic examination annually for
members at risk and every 6 months for those who
have any manifestation of the disease.

* Annual examination for pheochromo-
cytoma, including measurement of blood pressure
with the patient lying and standing and urinary
catecholamine level assay.

* Annual neurologic examination of those at
risk, with CT scanning of the brain done in the
teens as a base-line study and annually in those
with any other sign of the disease.

* Annual ultrasonography of the kidneys and
base-line CT scanning of the kidneys in the
mid-20s.
The considerable effort necessary to carry out this
regimen in what may be a good many family
members at risk is offset by the benefits of early
diagnosis and treatment of the lesions caused by
the destructive gene.

The same approach should be applied to other
variable multisystem dominant disorders, such as
neurofibromatosis, multiple endocrine neoplasia
and Marfan's syndrome, for better management of
the families involved. Once a closely linked mark-
er becomes available to identify affected members,
only they need to be followed. Until then, all those
at risk must be screened for all possible manifesta-
tions of the particular disease.
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large size of his infarction the patient drifted into
cardiogenic shock and died 2 weeks later.

Comments

The first cardiac pacemakers were external and
paced the heart through skin electrodes.' However,
with the advent of implantable pacemakers, trans-
cutaneous pacing rapidly became obsolete. Recent-
ly transcutaneous pacing has been resurrected and
has been shown to be useful in the immediate
management of severe bradycardia.2-5 This case
report illustrates a new use of transcutaneous
pacing - for terminating ventricular tachycardia.

Transvenous rapid ventricular pacing has
been shown to be useful in terminating sustained
ventricular tachycardia,67 but even synchronous
pacing can accelerate the tachycardia or induce
ventricular fibrillation.8.9 The pacemaker we used
is a fixed-rate device that has no sensing capability
and hence might be more arrhythmogenic. A
further limitation might be difficulty in capturing
the heart at higher pacing rates.

Further testing of the safety of this method of
terminating ventricular tachycardia is warranted in
view of both its ease of use and the possible risk of
accelerating tachyarrhythmias and inducing ven-
tricular fibrillation.

References

1. Zoll PM: Resuscitation of the heart in ventricular standstill
by external electric stimulation. N Engl J Med 1952; 247:
768-771

2. Falk RH, Zoll PM, Zoll RH: Safety and efficacy of noninva-
sive cardiac pacing: a preliminary report. N Engl J Med 1983;
309: 1166-1168

3. Dalsey WC, Syverud SA, Hedges JR: Emergency department
use of transcutaneous pacing for cardiac arrests. Crit Care
Med 1985; 13: 399-401

4. Paris PM, Stewart RD, Kaplan RM et al: Transcutaneous
pacing for bradyasystolic cardiac arrests in prehospital care.
Ann Emerg Med 1985; 14: 320-323

5. Dalsey WC, Syverud SA, Trott A: Transcutaneous cardiac
pacing 1985. J Emerg Med 1984; 1: 201-205

6. Mann DE, Lawrie GM, Luck JC et al: Importance of pacing
site in entrainment of ventricular tachycardia. J Am Col]
Cardiol 1985; 5: 781-787

7. Keren G, Mivra DS, Somberg JG: Pacing termination of
ventricular tachycardia: influence of antiarrhythmic-slowed
ectopic rate. Am Heart 1 1984; 107: 638-643

8. German LD, Strauss HC: Electrical termination of tachy-
arrhythmias by discrete pulses. PACE 1984; 7: 514-521

9. Jentzer JH, Hoffman RM: Acceleration of ventricular tachy-
cardia by rapid overdrive pacing combined with extrastimuli.
Ibid: 922-924

VALIDITY
continued from page 124

2. Albritton WL, Medd L, Martin T et al: Nonculture diagno-
sis of gonorrhea: Gonozyme. Presented at the International
Congress of Tropical Medicine and Malaria, Calgary, Sept
16-22, 1984

3. Zubrzycki L, Shannon S, Weinberger BS: Laboratory diag-
nosis of gonorrhea by a simple transformation test with a
temperature-sensitive mutant of Neisseria gonorrhoeae. Sex
Transm Dis 1980; 7: 183-187

4. Jaffe HW, Kraus SJ, Edwards TA et al: Diagnosis of
gonorrhea using a genetic transformation test on mailed
clinical specimens. J Infect Dis 1982; 146: 275-279

5. Schachter , McCormack WM, Smith RF et al: Enzyme
immunoassay for diagnosis of gonorrhea. J Clin Microbiol
1984; 19: 57-59

6. Goodhart ME, Ogden J, Zaidi AA et al: Factors affecting the
performance of smear and culture tests for the detection of
Neisseria gonorrhoeae. Sex Transm Dis 1982; 9: 63-69

7. Taylor E, Phillips I: Assessment, transport and isolation
methods for gonococci. Br J Vener Dis 1980; 56: 390-393

8. Rothenberg RB, Simon R, Chipperfield E et al: Efficacy of
selected diagnostic tests for sexually transmitted diseases.
JAMA 1976; 235: 49-51

9. Papasian CJ, Bartholomew WR, Amsterdam D: Validity of
an enzyme immunoassay for detection of Neisseria gonor-
rhoeae antigens. J Clin Microbiol 1984; 19: 347-350

10. Stamm WE, Cole B, Fennell C et al: Antigen detection for
the diagnosis of gonorrhea. Ibid: 399-403

11. Nachamkin I, Sondheimer S, Barbagallo S et al: Detection
of Neisseria gonorrhoeae in cervical swabs using the
GonozymeTM enzyme immunoassay. Clinical evaluation in a
university family planning clinic. Am J Clin Pathol 1984;
82: 461-465

12. Sobczak H, Degner-Harms I, Krause H: Comparison of
microscopy, culture and enzyme immunoassay (Gonozyme)
for the detection of Neisseria gonorrhoeae in urogenital
specimens. J Med Microbiol 1984; 18: 271-276

VONHIPPEL-LINDAU
continued from page 138

2. Melmon KL, Rosen SW: Lindau's disease. Review of the
literature and study of a large kindred. Am J Med 1964; 36:
595-617

3. Glushien AS, Mansuy MM, Littman DS: Pheo-
chromocytoma. Its relationship to the neurocutaneous syn-
dromes. Am J Med 1953; 14: 318-327

4. Hardwig P, Robertson DM: Von Hippel-Lindau disease. A
familial, often lethal, multi-system phakomatosis. Ophthal-
mology 1984; 91: 263-270

5. Go RCP, Lamiell JM, Hsia YE et al: Segregation and linkage
analyses of von Hippel-Lindau disease among 220 descen-
dants from one kindred. Am J Hum Genet 1984; 36: 131-
142

6. Atuk NO, McDonald T, Wood T et al: Familial pheo-
chromocytoma, hypercalcemia, and von Hippel-Lindau dis-
ease. A ten-year study of a large family. Medicine (Balti-
more) 1979; 58: 209-218

7. Lee KR, Wulfsberg E, Kepes JJ: Some important radiologi-
cal aspects of the kidney in Hippel-Lindau syndrome. The
value of prospective study in an affected family. Radiology
1977; 122: 649-653

8. Levine E, Collins DL, Horton WA et al: CT screening of the
abdomen in von Hippel-Lindau disease. AJR 1982; 139:
505-510

9. Rho YM: Von Hippel-Lindau's disease: a report of five
cases. Can Med Assoc J 1969; 101: 135-142

10. Lowden BA, Harris GS: Pheochromocytoma and von Hip-
pel-Lindau's disease. Can 1 Ophthalmol 1976; 11: 282-289

11. Levine E, Weigel JW, Collins DL: Diagnosis and manage-
ment of asymptomatic renal cell carcinomas in von Hippel-
Lindau syndrome. Urology 1983; 21: 146-150

146 CAN MED ASSOC J, VOL. 134, JANUARY 15, 1986


