704 THE NEW ENGLAND JOURNAL OF MEDICINE

Sept. 14, 1995

LONG-TERM COURSE OF NEONATAL DIABETES
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Abstract Background. Neonatal diabetes mellitus —
defined here as hyperglycemia occurring within the first
month of life that lasts for at least two weeks and requires
insulin therapy — is a very rare form of the disease. Little
is known about it, particularly with respect to its long-term
course.

Methods. We studied two brothers who had neonatal
diabetes and obtained follow-up information on 34 pa-
tients described in the literature as well as information on
21 additional patients. Forty-seven of the patients had
neonatal diabetes, as defined above, and in 10 others the
onset was between the first and third month of life.

Results. Twenty-six of the 57 infants had permanent
diabetes, 18 had transient diabetes, and 13 had transient
diabetes that recurred when they were 7 to 20 years old.

EONATAL diabetes mellitus is a very rare condi-

tion. For this study it is defined as hyperglycemia
that requires insulin treatment, occurs during the first
month of life, and lasts more than two weeks. Review-
ing the literature, we found 123 publications on this
subject. Complete remission after various periods of in-
sulin dependency has been described, as have relapses
after many years of remission, but about half the pa-
tients remained permanently diabetic. In six patients
from three families, diabetes with a somewhat later on-
set (on the 28th to 77th day of life) was associated with
multiple epiphyseal dysplasias, renal impairment, and
a poor long-term prognosis (the Wolcott—Rallison syn-
drome)."* We found no reports of the association of
neonatal diabetes mellitus with other developmental or
dysmorphic syndromes.

We recently examined two brothers born in 1986
and 1988 who have hyperuricemia due to phosphori-
bosyl-ATP pyrophosphatase hyperactivity, a very rare
X-linked disease,* and who became diabetic within the
first day of life. This encounter led us to collect and an-
alyze in detail the information available about neonatal
diabetes. This report describes these two patients and
what is known about the long-term course of neonatal
diabetes mellitus.

METHODS

We evaluated 123 publications concerning neonatal diabetes; in
64, from 17 countries, we found sufficient information to allow us to
contact the authors for follow-up data on individual patients. Consid-
ering that many of the publications were old — 47 were published
before 1975 — the response (35 answers) was good, and yielded fol-
low-up data on 29 patients. Seven correspondents indicated that they
had treated other infants with neonatal diabetes mellitus, and data
on six additional infants are included in this survey.

We also sent a questionnaire about neonatal diabetes to the heads
of all 230 pediatric departments and clinics in the former West Ger-
many. About 60 percent responded. They had seen 13 infants with
neonatal diabetes who were born between 1977 and 1991 and provid-
ed data on all of them.

This review is based on the case histories of 57 infants identified
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Neonatal diabetes was associated with the Wolcott—Ralli-
son syndrome in six infants, hyperuricemia due to phos-
phoribosyl-ATP pyrophosphatase hyperactivity in two, and
celiac disease in two. Forty-one of 45 neonates in whom
the duration of gestation and birth weight were known were
small for their gestational ages. There were two pairs of af-
fected twins and four other families with two or more infants
with neonatal diabetes, but only three parents had diabe-
tes. The incidence of neonatal diabetes mellitus in Germa-
ny has been estimated to be 1 in 500,000 neonates.

Conclusions. Neonatal diabetes differs from insulin-
dependent diabetes in that its course is highly variable.
Some patients have permanent diabetes, but others have
transient or lasting remissions. (N Engl J Med 1995;333:
704-8.)

through these investigations. For 7, all data were from previous pub-
lications; for 29, additional follow-up data were provided by the au-
thors; and for 21 (including our 2 patients), all the data are new.

Forty-seven of the infants met the definition of neonatal diabetes
given above. Another 10, in whom the diabetes began between the
first and third months of life, were also included: 5 with the Wolcott—
Rallison syndrome, 3 with transient diabetes and later recurrence (in-
cluded because of the extreme rarity of this course, which indicates
that it is clearly distinct from insulin-dependent diabetes of very early
onset), and 2 patients (Patients 34 and 35) with permanent diabetes
who were described in earlier publications and have now been fol-
lowed for 36 and 32 years, respectively.

CASE REPORTS

We examined two brothers with hyperuricemia due to phosphori-
bosyl-ATP pyrophosphatase hyperactivity who became diabetic in
the first day of life. The first of the two brothers (Patient 50) was
born in 1986. His mother had had abortions of female fetuses in the
16th and 19th weeks of gestation. There are no other children in the
family. The pregnancy, which was complicated by preeclampsia, was
terminated by cesarean section because of placental insufficiency in
the 37th week of gestation. The boy weighed 1390 g and was 39 cm
long; the circumference of his head was 29 cm. When he was 1, 5,
and 12 hours old, his blood glucose concentrations were 40, 80, and
120 mg per deciliter (2.2, 4.4, and 6.7 mmol per liter), respectively.
When he was 24 hours old, his blood glucose concentration was 503
mg per deciliter (27.9 mmol per liter). He was not acidotic and had
no clinical manifestations of hyperglycemia. Insulin therapy was be-
gun on the second day of life. The dose ranged from 0.5 to 0.8 unit
per kilogram of body weight per day, but glucose control was erratic
and he had frequent episodes of hypoglycemia. The insulin was dis-
continued when he was 18 months old after it was noted that his
blood glucose values remained in an acceptable range when it was
omitted. However, he required low doses of insulin at the ages of 42
to 43 months, 48 to 54 months, and 78 to 84 months. Since then (he
is 8.4 years old at the time of this writing), he has not required in-
sulin, but his glycosylated hemoglobin values remain slightly elevat-
ed. Plasma C peptide was undetectable soon after birth, but later
measurements were normal. Tests for anti-insulin and islet-cell an-
tibodies were negative.

At the most recent follow-up visit, the patient was 8% years old
and 120 cm tall, with a weight of 26.2 kg and a head circumference
of 51 cm. He had scoliosis but normal segmentation of the vertebrae
and ribs. There were symmetric calcifications in the white matter be-
hind the posterior horns of the lateral ventricles.

The second brother (Patient 51) was also delivered by cesarean
section, in the 34th week of gestation, which again was complicated
by preeclampsia. He weighed 1480 g, was 40 cm long, and had a
head circumference of 30 cm. When he was one hour old, his blood
glucose was 60 mg per deciliter (3.3 mmol per liter). At two and
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three hours, it was 180 mg per deciliter (10.0 mmol per liter) and
300 mg per deciliter (16.6 mmol per liter), respectively. He was
treated with insulin until the age of five years, during which time he
had erratic glycemic control and frequent hypoglycemia. For the
next 1.5 years, he received no insulin and had mild hyperglycemia,
but insulin therapy had to be resumed at the age of 6%2 He has nev-
er had diabetic ketoacidosis. Plasma C peptide was not detectable in
infancy, and tests for anti-insulin or islet-cell antibodies were nega-
tive. When he was 5.4 years of age, acute lymphoblastic leukemia
developed, which was treated successfully, resulting in complete re-
mission.

At the time of the most recent follow-up visit, the patient was 6.8
years old and 98 cm tall, with a weight of 14.2 kg and a head circum-
ference of 52 cm. His leukemia was still in remission. He had hemi-
vertebrae of the 10th and 11th thoracic vertebrae and posterior
fusion of the ribs at this level. There were some small areas of cal-
cification in the white matter above the middle of the left lateral
ventricle.

Both patients are severely retarded in their mental and motor de-
velopment, having just reached a social age of 18 to 24 months at
chronologic ages of 8 and 6 years. They speak only a few syllables.
Both appear to hear normally. Because of ataxia and severe muscu-
lar hypotonia, they are unable to walk, and both have neurophysio-
logic evidence of progressive axonal neuropathy with demyelination.
They have high foreheads; triangular faces; epicanthus; narrow lips;
small, pointed teeth; and hyperopia. Both are positive for HLA-DR3
and DR4, having received DR3 from the father and DR4 from the
mother.

Both brothers have hyperuricemia, as does their mother. This was
detected when urate crystals were seen in the diapers, and phospho-
ribosyl-ATP pyrophosphatase hyperactivity was subsequently found.*
The mother has recurring episodes of gout. She also has glucose in-
tolerance and had gestational diabetes during both pregnancies.
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Non-insulin-dependent diabetes mellitus developed in the father at
the age of 47 years. Both the mother’s parents have non-insulin-
dependent diabetes.

RESULTS
Transient Neonatal Diabetes Mellitus

Twenty infants had transient neonatal diabetes mel-
litus (Table 1). Fifteen of the 17 neonates for whom
length of gestation and birth weight were reported
were small for their gestational ages (Fig. 1). The di-
abetes in these 20 infants lasted 17 to 1914 days. Men-
tal development was normal in eight children who had
been followed for 7 to 19 years, and in eight other chil-
dren who were younger (4 months to 4 years). Slight
neurodevelopmental retardation was reported in a pair
of twins (Patients 15 and 16). One patient (Patient 17)
had seizures and a complex cardiac malformation. No
patient is known to have had microangiopathy.

Transient Neonatal Diabetes Mellitus with Later Recurrence

Twelve girls and one boy had transient neonatal di-
abetes with later recurrence (Table 2). All 13 were
small for their gestational ages (Fig. 1). The neonatal
diabetes lasted 14 to 325 days (median, 120), and the
period of remission 7 to 20 years (median, 13). There
was slight mental retardation in a pair of twins (Pa-
tients 26 and 27), which might well have been due to

Table 1. Transient Neonatal Diabetes Mellitus with No Later Recurrence.*

DURATION OF

HYPERGLYCEMIA

PATIENT YEAR OF DURATION OF BIrTH AND INSULIN DURATION OF
No. BIRTH SEX GESTATION WEIGHT DEPENDENCY FoLLow-up SOURCE
wk g days of age
1 1952 F 40 2410 17-540 (D) 40 yr Wylie,” Hutchinson et al.®
2 1961 M 40 3250 10-120 (H) 4 mo Hesse’
16-46 (D)
3 1962 F 32 1512 I 19 yr Coffey and Womack,® Coffey and Killelea’
4 1970 M NA 2200 3-110 (D) 11 yr Coffey and Killelea’
5 1972 M NA 2438 5yr Personal communicationf
6 1975 M 38 2000 2-60 (H) 4 mo Sodoyez-Goffaux and Sodoyez'’
4-60 (D
7 1976 F 41 2010 @ 16 yr Haschke and Hohenauer!!
8 1979 M 38 1540 (H) 4 yr Kuna and Addy'
9 1980 F 38 1590 (H) 3yr Belmonte et al."?
10 1982 M 40 2885 I 10 yr Mail survey
11 1983 F 35 1260 6-1920 (H) 8 yr Mail survey
6-180 (D)
480-1920 (I)
12 1983 F 36 1870 (H) 4 mo Steigenberger'*
12-24 1)
13 1984 F 37 1900 3yr Personal communicationf
14 1984 F 29 725 13-270 (H) 2 yr Mail survey
15 1986 M 37 1861 (H) 5yr Nielsen'?
16 1986 M 37 1954 (H) 5yr Nielsen'®
17 1987 F 24 420 (H) 7 mo Mail survey
14-35 )
18 1987 F NA NA 30-630 (H) 3yr Mail survey
19 1990 F 37 1920 5-120 (D) 2yr Mail survey
20 1991 M 36 1370 NA-30 @ NA Personal communication

*I denotes insulin dependency, H hyperglycemia, and NA not available.
fData were obtained from the authors of a previous case report.

Downloaded from www.nejm.org on November 29, 2009 . For personal use only. No other uses without permission.
Copyright © 1995 Massachusetts Medical Society. All rights reserved.



706 THE NEW ENGLAND JOURNAL OF MEDICINE

3500 1

3000 1

2500 1

2000 1

1500 {

Birth Weight (g)

1000 1

500 {

24 26 28 30 32 34 36 38 40 42
Weeks of Gestation

Figure 1. Birth Weight of 45 Patients with Neonatal Diabetes
Mellitus.
The percentiles are those for normal girls from the study by
Weller and Jorch.*® The third percentile for boys is higher by 20 g
at 24 weeks of gestation, 125 g at 34 weeks, and 150 g at term.
Closed symbols denote girls; open symbols, boys; circles, infants
with transient neonatal diabetes; triangles, infants with transient
neonatal diabetes with later recurrence; and squares, infants with
permanent neonatal diabetes.

severe psychosocial problems of the family. One child
(Patient 33) had seizures at the age of five years. One
child (Patient 21) had necrobiosis lipoidica, and anoth-
er (Patient 30) Tourette’s syndrome. Two female pa-
tients (Patients 23 and 24) gave birth to normal chil-
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dren, and one (Patient 28) fathered a boy who had
transient neonatal diabetes mellitus (this boy was not
included in this review). None of this group had micro-
angiopathy.

Permanent Neonatal Diabetes Mellitus

In 8 of the 18 patients with permanent diabetes, the
diabetes developed one to three days after birth (Table
3). Thirteen of the 15 neonates for whom data were
available were small for their gestational ages (Fig. 1).
Celiac disease later developed in two children (Patients
37 and 43), one of whom (Patient 37) died at the age
of 15 years under unclear circumstances. Mental devel-
opment was normal in nine children followed for long
periods (8 to 32 years). Of the two with moderate men-
tal retardation, one (Patient 46) was small for her ges-
tational age but had a twin brother who was healthy
and of normal weight at birth. Our two patients were
severely retarded. Nothing is known about the intellec-
tual development of five other patients.

One patient (Patient 38) had a capillary microaneu-
rysm in the perimacular region of the right eye when
he was 15 years old,**% but it then disappeared. There
are no other reports of microangiopathy.

Wolcott—Rallison Syndrome

The Wolcott—Rallison syndrome is transmitted by
autosomal recessive inheritance. So far, it has been de-
scribed in four boys and two girls (Patients 52 through
57,'% data not shown), belonging to three families. All
the patients had persistent neonatal diabetes and either
multiple epiphyseal (five patients) or spondyloepiphys-
eal (one patient) dysplasias. Two unrelated patients
had progressive renal failure, and one had glomerulo-
nephritis. Four of the patients have died, at the ages of
4, 11, 19, and 26 years. In all six patients, the onset of

Table 2. Children with Transient Neonatal Diabetes Mellitus with Later Recurrence.

DURATION OF
HYPERGLYCEMIA

PATIENT YEAR OF DURATION OF BIRTH AND INSULIN DURATION OF AGE AT
No. BIRTH SEX GESTATION WEIGHT DEPENDENCY * FoLLow-up RECURRENCE SOURCE
wk g days of age yr

21 1957 F 36 2130 30-51 (H) 21 18 Hutchinson et al.,* Camp-
bell et al.'”

22 1961 F 40 1540 14-280 (I) 22 12 Sweetnam and Sykes,'®
Briggs"

23 1963 F 40 1850 14-36 (H) 28 20 Burland?

24 1963 F 40 1740 12-113 (H) 19 15 Coffey and Womack,?
Coffey and Killelea’

25 1967 F 40 2250 15-58 (H) 19 13 Nivelon et al.?!

26 1967 F 38 1980 56-120 (H) 17 13 Mail survey

27 1967 F 38 2300 56-120 (H) 18 16 Mail survey

28 1970 M 40 2155 (H) 20 20 Schiff et al.??

29 1980 F 40 1700 1-180 (I) 13 13 Shield and Baum?

30 1980 F 40 2400 35-360 (1) 13 8 Weimerskirch and Klein?*

31 1982 F 37 1600 (H) 7 7 Personal communica-
tion}

32 1982 F 40 1650 I 9 9 Geffner et al.”

33 1983 F 36 1900 5-180 (I) 10 10 Weimerskirch and

Klein?*

*H denotes hyperglycemia, I insulin dependency, and NA not available.
fData were obtained from the authors of a previous case report.
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diabetes was late (28th to 77th day; median, 43rd day).
The two children for whom birth weights were reported
were born at term and were not small for their gesta-
tional ages. The follow-up periods ranged from 4 to 26
years (median, 17).

Familial Cases

There were two pairs of twins (Patients 15 and 16
and Patients 26 and 27) and several pairs or triplets of
siblings (Patients 50 and 51, as well as two siblings with
Wolcott—Rallison syndrome from one family, and three
siblings with the same syndrome from another family).
Patients 3, 4, and 24 had the same father and different
mothers. Insulin-dependent diabetes had developed in
the mother of Patient 40 when she was 12 weeks old.
Patient 28 was the father of a boy with transient neona-
tal diabetes. Insulin-dependent diabetes developed in
the sister of Patient 45 at the age of 12 months; she also
had celiac disease. The parents of our two patients had
non-insulin-dependent diabetes.

Incidence

We now have information on 188 infants with neona-
tal diabetes obtained from a review of the literature
and our survey. Estimates of the frequency of neonatal
diabetes based on reports in the literature must neces-
sarily be very imprecise. More useful for this purpose
was our survey of German pediatric clinics and depart-
ments, which yielded 13 cases between 1977 and 1991.
During this period, there were 9,300,000 births in Ger-
many. About 60 percent of the questionnaires were an-
swered, thus representing observations on nearly 6 mil-
lion children. The incidence of neonatal diabetes would
therefore be about 1 in 450,000. Since pediatricians
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who had seen an infant with this disease would con-
ceivably be more likely to have answered the question-
naire, the true incidence may be lower — perhaps 1 in

600,000 births.

Di1SCUSSION

We have described the combination of neonatal dia-
betes mellitus with phosphoribosyl-ATP pyrophospha-
tase hyperactivity in two brothers. Whether the pres-
ence of these two conditions is due to chance or to
adjacent genetic defects is not known. Phosphoribosyl-
ATP pyrophosphatase hyperactivity leads to gout and
urolithiasis in early adulthood. The reports on children
with this disorder from four families mention prenatal
growth retardation, motor and mental retardation,
ataxia, hypotonia, hearing impairment, and disturbed
speech development, but not diabetes.

Forty-seven of the patients had neonatal diabetes
with hyperglycemia requiring insulin therapy that be-
gan during the first month of life, and 10 additional in-
fants had hyperglycemia that began between the 42nd
and 85th days of life. We excluded all infants with
transient hyperglycemia of less than two weeks’ dura-
tion that could be attributed to such factors as cerebral
trauma, hypoxemic cerebral lesions, cerebral hemor-
rhage, or meningitis and encephalitis.

Among infants with neonatal diabetes, some have
permanent diabetes, others have remission of their
diabetes and later recurrence, and still others have
apparently permanent remission. Since diabetes may
recur after a prolonged period, however, one should
hesitate to consider a remission permanent, and neona-
tal diabetes should probably be considered as a predia-
betic state. The two brothers described here are classi-

Table 3. Children with Permanent Neonatal Diabetes Mellitus.*

PATIENT YEAR OF DURATION OF BirTH AGE AT DURATION OF
No. BIRTH SEX GESTATION WEIGHT ONSET FoLLow-up SOURCE
wk g days yr

34 1957 F 40 2000 28 36 Mattern and Schreier

35 1960 M 40 3350 65 32 Brugsch?’

36 1963 M 40 2050 8 2 Hesse’

37t 1969 M 40 1700 21 15 Francois et al.”®

38 1973 M 40 2600 3 20 Dorchy et al.,”’
Dorchy*

39 1976 M 38 1920 NA 15 Personal communication

40 1979 M 36 2100 5 13 Widness et al.,*! Corn-
blath and Schwartz*

41 1980 F 41 2260 5 9 Khnip et al.®

42 1982 M 42 1970 3 10 HanBler and Bartmann

437 1982 M 40 3080 8 10 Hattevig et al.

44 1982 F NA 2250 1 8 Mail survey

45 1985 M 29 NA 1 NA Mail survey

46 1988 F 38 1430 2 NA Mail survey

47 1989 F 28 NA NA NA Personal communication:

48 1990 F 39 2740 2 NA Mail survey

49 1990 F 36 1220 14 3 Mail survey

50 1986 M 37 1390 1 8.5 Christen et al.*

51 1988 M 34 1480 1 6.8 Christen et al.*

*NA denotes not available.
FPatients 37 and 43 had celiac disease.
#Data were obtained from the authors of a previous case report.
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fied as having permanent diabetes, although each had
remissions of their hyperglycemia.

Do the different long-term outcomes indicate that
neonatal diabetes is more than one disorder? Neonatal
diabetes has some similarities to insulin-dependent di-
abetes as it occurs in older children: heredity plays an
important part, and HLA haplotypes typical for insu-
lin-dependent diabetes may be present. Two brothers
(Patients 50 and 51) had HLA-DR3 and DR4, and oth-
er patients had HLA-DR3 (Patients 31, 33, and 38) or
DR4 (Patients 26 and 27).

On the other hand, at least half the patients did not
appear to have the usual type of insulin-dependent dia-
betes that simply developed unusually early in life. Insu-
lin-dependent diabetes is thought to be an autoimmune
disease with a genetic predisposition, in which some
causative factor initiates an autoimmune process that
leads to destruction of the beta cells and insulin deficien-
cy. It is unlikely that this process would not only begin
but also become well-advanced in utero. Since only one
mother had insulin-dependent diabetes herself, transpla-
cental passage of maternal anti—islet-cell antibodies was
probably not a factor affecting beta-cell function in most
infants. Finally, permanent or prolonged remissions are
very unusual in insulin-dependent diabetes but quite fre-
quent in neonatal diabetes.

Many infants with neonatal diabetes were small for
their gestational ages, and some were extremely small.
One may speculate that intrauterine growth retarda-
tion may cause neonatal diabetes, and low birth weight
may be associated with decreased beta-cell function
in adults.®® The possible importance of intrauterine
growth retardation is supported by the occurrence of
neonatal diabetes in one neonate (Patient 46) who had
a twin brother (of unknown zygosity) whose birth weight
was normal and who was not diabetic. The infants with
onset of diabetes in the second and third month of life
for whom we obtained data usually had normal birth
weights (and permanent diabetes).

Our results indicate that among newborn infants
with diabetes mellitus, the diabetes will be transient in
about 50 percent of cases. The presence of HLA-DR3
and DR4 increases the likelihood of permanent diabe-
tes, as does onset after the age of one month. The pres-
ence of the Wolcott—Rallison syndrome or phosphori-
bosyl-ATP pyrophosphatase hyperactivity appears to
be associated with a poor prognosis with respect to
remission of diabetes as well as to longevity and the
occurrence of additional problems. Nevertheless, the
overall prognosis for general health and normal intel-
lectual development is usually good.
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CORRECTION
Neonatal Diabetes Mellitus

To the Editor: The data on neonatal diabetes mellitus reported by
von Mihlendahl and Herkenhoff (Sept. 14 issue)1 indicate that the
causes of this rare condition are heterogeneous. Among the 57 in-
fants, only 7 were known to have HLA haplotypes associated with
autoimmune diabetes. In most of the cases, the cause was unknown,
and several infants also had very rare genetic disorders. The authors,
however, failed to mention some published reports of cases of neona-
tal diabetes in which a cause could be demonstrated or suggested.
The causes included pancreatic aplasia, a congenital absence of the
islets, and selective agenesis of 3 cells.?

In one of the cases involving selective agenesis of {3 cells, we demon-
strated paternal isodisomy of chromosome 6 (i.e., the chromosome
pair consisted of two copies of the same paternal chromosome in-
stead of following the normal pattern of biparental inheritance),3 and
Temple and colleagues found paternal isodisomy 6 in two neonates
with transient diabetes.* These findings suggest that a subgroup of
cases of neonatal diabetes may result from anomalies of chromosome
6, with a mutation or imprinting (i.e., differential expression of a gene
depending on the parent of origin) of a putative gene involved in B-cell
development located on that chromosome. Parental imprinting may
also explain some familial recurrences that do not follow mendelian
rules of inheritance.* From a practical standpoint, the detection of uni-
parental disomy of chromosome 6 in patients with neonatal diabetes
may help identify a subgroup of patients in whom the disorder has a
different pathogenicity and prognosis.

Marc J. Abramowicz, M.D.
Harry Dorchy, M.D.
Esther Vamos, M.D.
Erasme Hospital

B-1070 Brussels, Belgium
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To the Editor: There are two pieces of misinformation about the pa-
tient described in my case report (Patient 32 and reference 25 in the
article by von Muhlendahl and Herkenhoff). First, the duration of hy-
perglycemia was from day 1 to week 14 (day 98) of life, not to day
14 of life, as indicated in the authors’ Table 2. This duration of hyper-
glycemia is similar to that in the other patients in the group. Second,
microalbuminuria subsequently developed in this patient, making the
authors’ statement that no patient in the group with transient neonatal
diabetes and later recurrences had microangiopathy incorrect. (I was
not contacted for follow-up information.)

Mitchell E. Geffner, M.D.
UCLA Medical Center
Los Angeles, CA 90095

The authors reply:

To the Editor: We thank Abramowicz et al., for calling our attention
to the identification of paternal isodisomy of chromosome 6 in some
cases of neonatal diabetes mellitus, and Dr. Geffner, for the correction
and additional information about his patient. Further follow-up of the
patients in our survey is under way and may well reveal that over time,
more patients have microangiopathy.

Karl Ernst von Miihlendahl, M.D.
Heiner Herkenhoff, M.D.
Kinderhospital

D-49082 Osnabruck, Germany
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