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Abstract Milroy disease (hereditary lymphoedema type I,
MIM 153100) is a congenital onset primary lymphoedema
with autosomal dominant inheritance. Mutations in the
gene, vascular endothelial growth factor receptor 3, VEG-
FR3 (FLT4), are known to cause Milroy disease, but there is
uncertainty about the prevalence of VEGFR3 mutations in
patients with primary lymphoedema and more speciWcally
in those with a phenotype that resembles Milroy disease.
This study aims to address this issue and thereby delineate
the Milroy disease phenotype. Fifty-two patients with pri-
mary lymphoedema were analysed for mutations in the cod-
ing regions of VEGFR3. Patients were divided into four
groups: Typical Milroy disease with family history (group I),
typical Milroy disease with no family history (group II),
atypical Milroy disease (group III), and complex primary
lymphoedema (group IV). Results demonstrated that with
rigorous phenotyping the likelihood of detecting VEGFR3
mutations is optimised. Mutation prevalence is 75% in typi-
cal Milroy patients with a family history (group I) and 68%

if positive family history is not a diagnostic criterion. A pos-
itive family history is not essential in Milroy disease. The
likelihood of detecting VEGFR3 mutations in patients who
have a phenotype which is not typical of Milroy disease is
very small (<5%). For the 22 mutation positive patients, 14
novel VEGFR3 mutations were identiWed, two of which
were in exon 22 and one in exon 17, conWrming that these
exons should be included in VEGFR3 analysis. No muta-
tions were found outside the kinase domains, showing that
analysis of this part of the gene is not useful for Milroy dis-
ease patients. VEGFC, which encodes the ligand for VEG-
FR3, was sequenced in all patients with typical Milroy
disease (groups I and II) and no mutations were identiWed.

Introduction

Primary lymphoedema is swelling caused by a congenital
abnormality of the lymphatic system. Milroy disease
(hereditary lymphoedema type I, OMIM 153100) was Wrst
described in 1892. It is characterised by congenital onset of
lower limb lymphoedema and is inherited in an autosomal
dominant manner (Milroy 1892; Brice et al. 2005). The
only gene locus to date is at 5q35.3 and the gene mutated at
this position is FLT4, which codes for VEGFR3, Vascular
Endothelial Growth Factor Receptor 3 (Ferrell et al. 1998;
Evans et al. 1999; Irrthum et al. 2000; Karkkainen et al.
2000). This gene will be referred to in the remainder of the
paper as VEGFR3. The prevalence of VEGFR3 mutations
in primary lymphoedema patients, and speciWcally those
with a phenotype resembling Milroy disease, has not been
clariWed. There has been a historical tendency to label all
patients with non-syndromic congenital lymphoedema as
having Milroy disease but in our experience Milroy disease
has a more speciWc phenotype, for which the diagnosis
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should be reserved (Levinson et al. 2003; Smeltzer et al.
1985). Our aim was therefore to subdivide a group of pri-
mary lymphoedema patients according to their phenotype,
and determine the prevalence of VEGFR3 mutations in
each group.

The current evidence is that the mutant VEGFR3 recep-
tor has no tyrosine kinase activity, but the eVects are pre-
sumed not to be solely due to a loss of function, because of
the preponderance of mis-sense mutations and the observa-
tion that the mutant protein is maintained at the cell surface
for longer than the wild type (Karkkainen et al. 2000). The
receptor is a dimer and there is less activity in the presence
of a mutated and wild type allele than would be the case for
haploinsuYciency alone, though heterodimers appear to
have residual tyrosine kinase activity (Karkkainen et al.
2000). All mutations so far identiWed are in the kinase
domains of VEGFR3 (coded by exons 17–26), but testing
bias may have contributed to this Wnding, as only Evans
et al. (2003) analysed the entire gene. Only nineteen muta-
tions so far, have been reported worldwide (Ferrell et al.
1998; Irrthum et al. 2000; Karkkainen et al. 2000; Evans
et al. 2003; Verstraeten et al. 2004; Ghalamkarpour et al.
2006; Carver et al. 2007; Butler et al. 2007). There is
genetic heterogeneity in patients labelled as Milroy disease,
though the degree of this is unclear (Ferrell et al. 1998;
Evans et al. 2003; Witte et al. 1998; Holberg et al. 2001).

It was considered that a family history was required for a
diagnosis of Milroy disease (Milroy 1892; Brice et al.
2005) but two recent papers have shown de novo mutations
in the VEGFR3 gene in four patients with sporadic, congeni-
tal lymphoedema, (Ghalamkarpour et al. 2006; Carver et al.
2007).

Evans et al. (2003), reported VEGFR3 mutations in 10
out of 12 families with congenital onset and lower limb
oedema. However, these families were all consistent with
linkage to 5q35.3, so had been preselected as being more
likely to have mutations in VEGFR3. Conversely, the stud-
ies of Witte et al. (1998) and Holberg et al. (2001) reported
no mutations in VEGFR3 in patients with a more variable
phenotype including oedema of genitalia, hands and feet,
and variable age of onset.

The aims of this study are:

a. Determine the prevalence of VEGFR3 mutations for
the entire coding region in patients who clinically have
Milroy disease, with and without a family history.

b. Determine the prevalence of VEGFR3 mutations in
patients with primary lymphoedema but who are not
typical for Milroy Disease

c. Report on 14 novel mutations
d. Determine whether any patients described in (a) with

no mutation in VEGFR3, have a mutation in its ligand,
VEGFC, in view of the lymphatic phenotype reported

in the Chy-3 mouse, which is Vegfc haploinsuYcient
(Dellinger et al. 2007).

Methods

Patient recruitment

Patients were seen in a Specialist Lymphoedema Clinic
with Lymphoedema clinicians, therapists, clinical geneti-
cists and nurse counsellors, and a family history and exami-
nation were undertaken. Patients not seen at St George’s
Hospital were noted as such and clinical details obtained
from the referring clinician. Patients were divided into four
sub-groups in order that the prevalence of VEGFR3 muta-
tions within each group could be determined. VEGFC was
sequenced in all patients from groups I and II in whom no
VEGFR3 mutation was found. The criteria for the four
groups were developed by experienced clinicians in the
Weld, based on recognised features of Milroy disease (Brice
et al. 2005).

Patients fulWlling the criteria for one of the four follow-
ing groups were included:

– Group I: Typical Milroy disease with positive family his-
tory (bilateral or unilateral lower limb lymphoedema,
that was present at birth).

– Group II: Typical Milroy disease with negative family
history.

– Group III: Atypical Milroy disease [lower limb lymphoe-
dema, unilateral or bilateral, but symptoms not noted at
birth, (but onset age · 5 years) or presence of other fea-
tures not previously associated with Milroy disease].

– Group IV: Complex primary lymphoedema (primary
lymphoedema in which other body parts and not just
lower limbs are aVected by lymphoedema, syndromic or
dysmorphic phenotype).

Typically, Milroy disease is characterised by lymphoedema
mainly aVecting the dorsum of the foot but which can extend
to knee or thigh. The oedema has a ‘woody’ texture and large
calibre veins are often noted. Small, upslanting, dysplastic
nails and deep interphalangeal toe creases are characteristic
as a result of in-utero oedema. Brice et al. (2005) reported
that 37% of males with Milroy disease have hydroceles and
this is therefore a well recognised associated feature of the
condition. If abnormalities (other than hydroceles) were pres-
ent, the patient was classiWed as ‘atypical’.

PCR and direct sequencing of VEGFR3 and VEGFC

This was carried out as described in Evans et al. (2003). All
coding exons of VEGFR3 were examined. Genetic analysis
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of the sequencing products was carried out on an ABI 3100
Genetic Analyser. All sequences were run both forward and
reverse. All novel mutations were checked in 200 control
chromosomes from Caucasians, by sequencing or RFLP
analysis. Primers for VEGFC were produced using Primer3
(Rozen and Skaletsky 2000) and sequences are available on
request.

Results

In total there were 52 patients in this study. The overall
VEGFR3 mutation detection rate in this series of patients
was 42% (22/52). Of the 52 patients, 10 were outside refer-
rals and were not examined at St George’s Hospital (SGH)
and they were therefore assigned to a group based on clini-
cal details provided by the referring clinician. The results
are summarised in Tables 1, 2, 3, 4.

There are 24 patients in the typical Milroy disease group
with a positive family history (group I, Table 1). A VEG-

FR3 mutation was identiWed in 18 out of 24 (75%) of this
group. All 24 patients have at least one aVected Wrst degree
relative in which vertical transmission of the condition has
taken place, illustrating probable autosomal dominant
transmission of the lymphoedema. Where possible, aVected
family members have been tested for the proband’s muta-
tion, conWrming co-segregation of disease with mutation. In
one family with typical Milroy and positive family history
(patient 18), the proband’s sister who also has the VEGFR3
mutation had resolution of the oedema at age two months.
She is now six years old and has no oedema, indicating that
signs of Milroy disease can resolve, having been present at
birth. Such resolution has been reported before in Milroy
disease (Brice et al. 2005; Ghalamkarpour et al. 2006). It is
worth noting that it was possible to diagnose two patients (1
and 16) in utero given the pedal oedema seen on antenatal
ultrasound scan and the positive family history.

In the typical Milroy disease with negative family his-
tory (group II), three out of seven patients (43%) were
found to have de novo VEGFR3 mutations (reported in

Table 1 Typical Milroy disease with positive family history (group I)

NB. Late onset oedema equates to onset of lymphoedema at >1 year of age. Ex exon

Patient Mutation Novel AVected family member(s) Seen at SGH

1 R844P, ex 17 Yes Daughter (diagnosed in utero with pedal oedema 
and is mutation positive)

Yes

2 G854R, ex 18 Yes Son (mutation positive) Yes

3 G852S, ex 18 Yes Father Yes

4 G852R, ex 18 Yes Daughter Yes

5 R943P, ex 20 Yes Father and cousin (mutation positive) No

6 G1024Q, ex 22 Yes. Brother (mutation positive). Mother is clinically unaVected 
and mutation positive. Rare polymorphism P1008L found 
in trans in this family (present in the father).

No

7 G1024Q, ex 22 Yes Father Yes

8 G1024R, ex 22 Yes Son Yes

9 V1051 M, ex 23 Yes Father (mutation positive) Yes

10 D1037Y, ex 23 Yes Daughter Yes

11 N1042S, ex 23 Yes Daughter (mutation positive and has learning diYculties) Yes

12 D1037H, ex 23 Yes. Father and paternal grandmother Yes

13 Y1115C, ex 23 Yes Daughter (mutation positive) Yes

14 G1131R, ex 25 Yes Daughter Yes

15 G857R, ex 18 No Father (mutation positive) and two sons Yes

16 G933R, ex 20 No Daughter (diagnosed in utero) Yes

17 R1041Q, ex 23 No Son No

18 1108F del, ex 24 No Sister, mother and grandmother No

19 No N/A Extensive autosomal dominant family history Yes

20 No N/A Daughter Yes

21 No N/A Mother and sister (late onset oedema in sister) Yes

22 No N/A Father, son and brother Yes

23 No N/A Sister, father and brother aVected Yes

24 No N/A Mother, daughters (late onset oedema) and granddaughters No
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Carver et al. 2007). It can be concluded from these results
that a positive family history of primary lymphoedema is
not essential for the diagnosis of Milroy disease. Three
patients without a mutation in VEGFR3 in Tables 1 and 2

were not heterozygous for SNPs in the coding or non cod-
ing regions of the gene. Thus a gene deletion could not be
excluded in these three individuals.

In the atypical group (group III), only one patient had a
VEGFR3 mutation. In this group, three patients (34, 36 and
37) were considered atypical because their lymphoedema
was not present at birth and the lymphoscintigraphy results
yielded a pattern of reXux within the lymphatics and this is
deemed not to be characteristic of Milroy disease (Gordon
and Mortimer 2007). None of these three patients were
mutation positive on VEGFR3 sequencing. One of these
three patients (36) was the only patient in the atypical group
to have a positive family history. This patient has an
aVected brother but unaVected parents which could be con-
sistent with a recessive inheritance pattern of primary lym-
phoedema, or dominant inheritance with non penetrance in
the parent. In addition, he did not present until the age of
Wve years and his lymphoscintigraphy demonstrated reXux.

Table 3 Atypical Milroy disease (lower limb lymphoedema, unilateral or bilateral, but symptoms not noted at birth, or presence of other features
not previously associated with Milroy disease) (group III)

Patient Mutation Novel 
mutation

Phenotype in addition to lower limb oedema, age of onset of lymphoedema 
and family history (FH)

Seen 
at SGH

32 D1055A, 
exon 23

Yes Glaucoma and learning diYculties. Lymphoedema clinically typical of Milroy 
disease with congenital onset. No FH

Yes

33 No N/A Onset of unilateral leg swelling age 5 years. Bilateral leg swelling in adulthood. No FH Yes

34 No N/A Oedema not present at birth. Onset age 1 month. ReXux on lymphoscintigraphy. No FH Yes

35 No N/A Epicanthic folds. Congenital onset of lymphoedema. No FH Yes

36 No N/A Onset of lymphoedema 5 years. ReXux on lymphoscintigraphy. Brother aVected Yes

37 No N/A Onset of lymphoedema age 3 months. ReXux on lymphoscintigraphy. No FH Yes

38 No N/A Unilateral leg oedema. Onset at age 1 week. No FH Yes

39 No N/A Unilateral leg oedema. Onset at age 6 weeks. No FH Yes

40 No N/A Unilateral leg oedema. Onset at age 4 weeks. No FH Yes

41 No N/A Onset at age 11 months. No FH Yes

42 No N/A Congenital heart disease. Age of onset not known. No FH No

Table 4 Complex primary lymphoedema (group IV)

Patient Mutation Family history (FH), age of onset of lymphoedema and phenotype in addition to lower limb oedema Seen at SGH

43 No Genital oedema and unilateral leg overgrowth. Congenital onset of lymphoedema. No FH Yes

44 No Oedema of genitalia and one hand. Congenital onset of lymphoedema. No FH Yes

45 No Four-limb oedema from age 15 years. Bother, father and paternal grandfather aVected Yes

46 No Pleural eVusions, ascites and four limb oedema. Congenital onset of lymphoedema. Sister aVected Yes

47 No Microcephaly and developmental delay. Congenital onset of lymphoedema. No FH Yes

48 No Hand oedema. Onset of oedema age 8 years. Daughter aVected Yes

49 No Microcephaly, congenital heart defect, hypospadias, dysmorphic facies. Congenital onset 
of lymphoedema. No FH

Yes

50 No Upper limb oedema only. Congenital onset of lymphoedema. No FH No

51 No Biliary atresia. Congenital onset of lymphoedema. No FH No

52 No Dysmorphic, oedema of trunk and genitalia. Congenital onset of lymphoedema. No FH No

Table 2 Typical Milroy disease with a negative family history (group
II)

a De novo mutations reported in Carver et al. (2007)

Patient Mutation Novel mutation Seen at SGH

25a 913L del, exon 19 No Yes

26a R1041Q, exon 23 No Yes

27a R1041 W, exon 25 No Yes

28 No N/A Yes

29 No N/A Yes

30 No N/A Yes

31 No N/A No
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The one patient in the atypical group with a VEGFR3
mutation had oedematous feet characteristic of Milroy dis-
ease, but also had additional problems—glaucoma (diag-
nosed age 7 years) and learning diYculties. He had no
signiWcant family history. Glaucoma and learning diYcul-
ties are not recognised associated features of Milroy dis-
ease, hence this patient’s atypical status. However, given
his mutation positive result and characteristic lymphoe-
dema it can be proposed that he has two separate aetiolo-
gies; Milroy disease and the cause of the glaucoma and
learning problems. He has a normal male karyotype, is nega-
tive on testing for Fragile X syndrome, and has a normal
brain MRI scan. His mutation is novel, but at the same resi-
due as that reported in a Chinese patient with lymphoe-
dema; namely D1055V (Yu et al. 2007).

In the complex primary lymphoedema group (group
IV) there were no VEGFR3 mutations found. None of
these patients clinically have Milroy disease. This group
presented with lymphoedema in areas other than the lower
limbs, with or without systemic involvement (e.g. pleural
eVusions, intestinal lymphangiectasia, ascites). For exam-
ple, patient 51 is thought to have Aagenaes syndrome
(OMIM 214900) given the lymphoedema and intrahepatic
cholestasis. Patient 49 has lymphoedema, microcephaly
and learning diYculties, and thus the diagnosis of
Microcephaly-lymphoedema-chorioretinopathy syndrome
(OMIM 152950) is being considered. Patient 46 has sys-
temic involvement of the lymphatics with pleural eVu-
sions and ascites. A diagnosis of a generalised lymphatic
dysplasia would be appropriate in this case, given the phe-
notype, and a positive family history (aVected sister,
unaVected parents) infers that autosomal recessive inheri-
tance is a possibility, or dominant inheritance with non
penetrance.

This study adds extensively to the number of mutations
in VEGFR3 that appear to be pathogenic for Milroy dis-
ease, as fourteen of those reported here are novel, and only
nineteen have been previously reported in the literature.
The mutations in this report, including those reported by
Carver et al. (2007) were in exons 17 (1), 18 (4), 19 (1), 20
(2), 22 (3, of which 2 are recurrent), 23 (8, of which 2 are
recurrent), 24 (1) and 25 (2). Three diVerent codons were
altered in exon 18, while in exon 23 two mutations aVected
codon 1037, two were in codon 1041, and one in codon
1042. As previously noted, these amino acids are part of a
conserved domain in tyrosine kinase receptors, where
changes produce inactivation (Evans et al. 2003; Hanks and
Hunter 1995). This is clearly a hot spot for mutations that
can produce Milroy disease.

Two mutations, G1024Q (found twice) and G1024R, are
novel mutations reported in exon 22, and are absent in 200
control chromosomes (as were all novel mutations pre-
sented). Only one mutation in exon 22 has been docu-

mented in the literature (Butler et al. 2007). Although there
is no functional data for these changes, the same codon in
exon 22 was aVected in these three unrelated cases. We also
found an amino acid change in exon 17, where none have
previously been reported. The R844P mutation in exon 17
was found in patient 1 and his daughter, both of whom were
aVected with lymphoedema characteristic of Milroy dis-
ease. The likelihood is that these changes in exons 22 and
17 are pathogenic. All the residues aVected are conserved
across species. V1051, D1055 and Y1115 are shown in the
diagram in Ghalamkarpour et al. 2006. BLAST search for
the remaining novel mutations shows that they are con-
served in VEGFR3 from chimpanzee, rat, mouse, dog, cat,
chicken, quail and zebra Wsh.

Analysis of the non-kinase domains of VEGFR3 showed
6 previously reported SNPs (synonymous unless indicated);
445A>G/N149D (rs34221241), 507G>T/(rs3736061),
1344C>T (rs3736062, 1480A>G/T494A (rs307826,
1580A>G/S527N (rs35874891), 3971G>T/R1324L
(rs307821). We also found 3 SNPs not in the databases;
1133G>A/R378H (patient 49 Table 4) 3860T>C/I1287T
(patient 45 Table 4) and 3962G>A/R1321Q (patients 29
Table 2 and patient 20 Table 1). The Wrst SNP, R378H,
could not be ruled out as a pathogenic mutation as it was
not found in 180 control DNAs, but it was considered more
probable that it is a rare polymorphism. The child had a
severe phenotype but the mother, who also has the SNP, is
unaVected. This amino acid is conserved in VEGFR3 of
man, chimpanzee, mouse and rat, but replaced by lysine in
zebraWsh and chicken. The change to histidine is very con-
servative and not dissimilar to the substitution of lysine in
that position, and this, combined with the unaVected mother
having the base change and the lack of cross species con-
servation, makes non pathogenesis more probable than non
penetrance in the mother. However, this cannot be ruled
out.

The second of these SNPs, I1287T, was not identiWed in
100 sequenced control DNAs, but was absent in the aVected
brother of the proband, the aVected father, and the
unaVected mother and sister. This de novo base change is
therefore clearly not disease causing. The third SNP,
R1321Q, was found in three of 50 control DNAs.

The patients in groups I and II who had no mutation in
VEGFR3 (10 individuals) were also investigated for pos-
sible mutations in the coding region of the gene for
VEGFC, the ligand for VEGFR3. No mutations were
identiWed. Since sequence analysis would not reveal a
gene deletion, and samples were not available for FISH
analysis, we examined eleven informative SNPs from the
databases. Six of the ten patients were heterozygous for
these SNPs, showing that gene deletions had not occurred
in these individuals. A deletion could not be ruled out in
the others.
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Discussion

A diagnosis of Milroy disease can be made in patients with
congenital lower limb oedema but other factors need to be
taken into account. Typical features of Milroy lymphoe-
dema include a brawny texture of oedema on the dorsum of
the feet, usually, but not necessarily, bilateral and present at
birth, with upturned toe nails and large calibre veins in the
feet. A positive family history, with or without a VEGRF3
mutation, with these clinical symptoms would indicate this
diagnosis. Lymphoscintigraphy in these patients demon-
strates apparent aplasia of the lymphatics in the aVected
limb(s) and can be a worthwhile tool in helping to make the
diagnosis (Gordon and Mortimer 2007). Dysmorphic facial
features are not a feature of this group.

The overall mutation detection rate in this series of
patients was 42% (22/53). However, with rigorous pheno-
typing this Wgure can be improved to 75% if positive family
history is a necessary inclusion or 68% if it is not. A posi-
tive family history is not considered to be essential for a
diagnosis of Milroy disease as there are known de novo
mutations in VEGFR3 (Ghalamkarpour et al. 2006; Carver
et al. 2007), and it is also possible that a non-penetrant
mutation could be present in one of the parents when an
apparently isolated case is examined, as penetrance is
known to be about 90% (Brice et al. 2005). Butler et al.
(2007) reported that the genetic basis of most cases of Mil-
roy disease has not been established but our results indicate
that if Milroy disease is diagnosed according to speciWc
phenotype guidelines as described above, the likelihood of
the genetic basis being a VEGFR3 mutation is at least 68%.

The lack of a mutation in VEGFR3 does not exclude the
diagnosis of Milroy disease, as there must be other, yet to
be idenitiWed, genetic mechanisms that can produce fea-
tures consistent with a Milroy disease phenotype. However,
mutations in VEGFR3 are extremely unlikely in other
forms of primary lymphoedema, for example when lym-
phoedema is not conWned to lower limbs or if it is unilateral
and not present at birth. This is consistent with the the Wnd-
ings of Witte et al. (1998) and Holberg et al. (2001) who
reported no mutations in VEGFR3 in patients with a more
variable phenotype.

The Wndings of mutations in exons 17 and 22 bring into
question the proposal from a recent paper by Ghalamkar-
pour et al. (2006) that suggests exclusion of exons 17 and
22 in molecular diagnosis of Milroy disease. Based on the
mutations reported here, and those in the literature, it
appears a sound approach is to analyse exons 18, 19, 20 and
23 initially, and if these are negative examine the remainder
of the exons that code for the kinase domains (17–26).

The absence of any mutations in VEGFC in those typical
Milroy cases where there is no VEGFR3 mutation, indicates
that changes in this ligand for the receptor are not a com-

mon cause of this phenotype. We were unable to conduct
FISH on these patients but SNP analysis for VEGFC
showed seven of the ten patients to be heterozygous.
Although we could not rule out entire gene deletions in the
other three cases, this is unlikely considering the Wndings in
the other seven patients. The fact that no mutations were
found outside the kinase domains of VEGFR3 also suggests
that lack of ligand binding to the receptor is not a probable
cause of Milroy disease in humans, and the absence of any
mutations in VEGFC supports this. Sequence analysis of
VEGFC was not performed in the patients with a more
complex phenotype, as the lymphoedema in the Chy-3
mouse is very similar to that seen in the mouse with a VEG-
FR3 mutation.

This study also highlights the continuing diYculty in
gene analysis in establishing whether a base change is caus-
ative for a disease. This is shown both by the previously
unknown SNPs identiWed in the non-kinase domains of
VEGFR3, and by the appearance in trans of P1008L in
patient 6 Table 1. We have not found this in 150 control
individuals, yet it has been identiWed in the family with
lymphoedema here, and by us previously (Evans et al.
2003). In both cases it has been in trans and did not track
with aVected status, so could be proved not to be causative.
Had this change been consistent with linkage, it would have
appeared a very good candidate for a pathological mutation.
Two of the novel SNPs in the non kinase domains of VEG-
FR3 both initially appeared good candidates for mutations
as we could not identify them in control DNAs. I1287T was
de novo in the proband. There were 3 other aVected family
members, including the father, who did not have this
change, so it could be deWnitely shown to be non patho-
genic. Had the de novo SNP been in an isolated case, it
would have been tempting indeed to assume causality. The
other SNP, R378H, cannot be deWnitively ruled out as a
causative mutation. However, the fact that it is a conserva-
tive change, is not conserved across species, and is absent
in the clinically normal mother, makes non-pathogenicity
more probable.

This study provides evidence to support guidelines as to
when VEGFR3 mutation analysis in primary lymphoedema
patients is most appropriate. Patients with congenital lower
limb oedema with or without a family history of lymphoe-
dema should be tested. It is highly unlikely that patients
with other forms of primary lymphoedema (i.e. other fea-
tures not associated with Milroy disease and/or more wide-
spread lymphoedema) have Milroy disease and therefore
other diagnoses should be considered in the Wrst instance.
Analysis of non kinase domains is not indicated for any pri-
mary lymphoedemas.
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