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ABSTRACT

Garcia AM, Dicianno BE: The frequency of lymphedema in an adult spina bifida

population. Am J Phys Med Rehabil 2011;90:89Y96.

Objective: In the United States, there are more than 100,000 people with

spina bifida. There have been very few studies to date documenting the occurrence

of lymphedema in the spina bifida population, despite a case series in 2001 that

suggested that the occurrence may be higher than in the general population.

Currently, approximately 1 million people have lymphedema in the United States.

The purpose of this study was to document the occurrence of lymphedema and

associated medical factors in a regional adult spina bifida population.

Design: A total of 240 electronic medical records from the Adult Spina Bifida

Clinic from January 2005 to August 2008 were retrospectively reviewed. Sub-

jects were divided into two groups based on the presence or absence of lymph-

edema. W2 analyses were used to compare lymphedema groups with respect to

history of medical comorbidities and ethnicity. Fisher exact tests were used to

compare groups with respect to mobility status and the presence of power

wheelchair seat functions. Mann-Whitney U tests were used to compare groups

with respect to age, anatomic lesion level, employment level, and income.

Results: Twenty-two (9.2%) patients had lymphedema. Mean T SD population

age was 35.1 T 11.1 yrs. Lymphedema was associated with a history of trauma

(P = 0.044), cellulitis (P G 0.001), cancer (P = 0.038), obesity (P G 0.001),

wounds (P G 0.001), hypertension (P = 0.036), higher lesion level spina bifida

(P = 0.049), and mobility status (P = 0.007). Hypertension and obesity were

present in 38.3% and 37.5% of the total study population, respectively.

Conclusions: This is the first study to document the occurrence of lymph-

edema in a spina bifida patient population, which was almost 100 times higher than

that in the general patient population. We also documented a high occurrence of

hypertension and obesity in the total study population. These findings may help

guide further prospective studies to more clearly delineate the risk factors for the

development of lymphedema and to determine the appropriate therapies. Better

screening, prevention and treatment algorithms are needed for hypertension and

obesity in the spina bifida population.
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Spina bifida (SB), which is the result of failure
of closure of the neural tube in embryonic
development, is one of the most common con-
genital malformations seen worldwide. In the
United States, SB occurs in approximately 1.90 of
every 10,000 live births,1 with now more than
100,000 people living with SB.2 As many as
85%Y90% of individuals with SB are now surviving
into adulthood because of advancements in medical
and surgical care and thus live with many chronic,
disabling medical comorbidities.3 We reported in a
recent comprehensive review of medical literature
on adult SB4 that there have not been any
randomized controlled studies, prospective cohort
studies, or retrospective cohort studies to date on
lymphedema in this population, despite the fact
that a case series by Rockson et al.5 suggested that
the occurrence rate in the SB population may be
much higher than that in the general population.

Lymphedema is a chronic, edematous state
resulting from dysfunction of lymphatic transport,
which allows for the buildup of protein and fluid in
the interstitium.6 The lymphatic system consists of
the lymphatic vessels and tissues and has several
functions, including tissue-fluid homeostasis, im-
mune surveillance, and absorption of triglycerides
and chylomicrons in the intestines.7,8 The lym-
phatic system returns protein, water, fatty acids,
salts, microorganisms, foreign debris, lymphocytes,
and antigen-presenting cells from the interstitial
tissues to the blood circulation.8,9 These fluids and
molecules are continuously filtering into the in-
terstitial tissues secondary to the blood pressure
within the arterial capillaries. Ninety percent of
these are reabsorbed by the venous capillaries
(secondary to increased colloid osmotic pressure
that exceeds the blood pressure), and this 10% is
reabsorbed via the lymphatic vasculature.10,11

The lymphatic system is made up of highly
permeable lymphatic capillary vessels, made up of a
single layer of lymphatic epithelial cells. The cells
are not surrounded by pericytes or smooth muscle
cells. The lymphatic cells have little or no basement
membrane and discontinuous interendothelial
junctions.10,12,13 Lymphatic capillaries are located
in the tissues and are connected to the extracellular
matrix and collagen via anchoring filaments. The
anchoring filaments become taut in times of tissue
edema and open the vessel lumen. This decreases
the intraluminal pressure, allowing fluid to flow
into the capillary. The lymph is then moved into
precollector vessels, which are surrounded by a
sparse layer of smooth muscle.12Y14 Precollector

vessels then join and fuse to form the lymphatic
vessels. These are characterized by the presence of a
smooth muscle layer, basement membrane, con-
tinuous interendothelial junctions, and bileaflet
valves.10,12,13 Lymph is propelled forward by the
action of the smooth muscle layer, along with the
contraction of the skeletal muscles surrounding the
vessels, and arterial pulsations.10,15 Lymphatic ves-
sels all drain into two structures, the thoracic duct
to the left subclavian vein or the right lymphatic
trunk to the right subclavian vein. In a properly
functioning lymphatic system, the lymphatic vas-
culature will return approximately 1Y2 liters of in-
terstitial fluid and 20Y30 g of protein to the venous
system daily.10,16

There are approximately 1 million people with
lymphedema in the United States, affecting 0.1% of
the population.17,18 Lymphedema is categorized as
either primary or secondary.6,9 Primary lymphe-
dema is a congenital abnormality of the lymphatic
system, whereas secondary lymphedema involves an
obstruction of a normal lymphatic system resulting
from a disease or medical process.6,9 Congenital
abnormalities can range from hypoplasia (reduced
lymphatic vessels or reduced diameter of lymphatic
vessels) to hyperplasia (increased number of lym-
phatic vessels) to aplasia (absence of lymphatic
vessels) to fibrosis of the inguinal lymph nodes.9

Reported risk factors for the development of sec-
ondary lymphedema in the general population in-
clude previous surgical procedures, history of
radiation therapy, trauma, infection, travel to an
area of endemic filariasis, malignancy, or obesity.6,9

Associated complications of lymphedema include
recurrent cellulitis, chronic skin breakdown, hy-
perkeratosis, and development of cutaneous ma-
lignant tumors.6 Lymphedema has been associated
with greater levels of functional impairment, de-
pression, social isolation, and a decrease in quality-
of-life.19,20 The aims of this study were to be the first
to estimate the occurrence of lymphedema in the
SB population and to identify the possible factors
related to the presence of lymphedema.

METHODS
Data were collected in an unidentifiable manner;

therefore, this study is exempt from institutional re-
view board review, as confirmed by the institutional
review board at the University of Pittsburgh. Data
collection was completed through a retrospective
chart review using an electronic medical record sys-
tem of 240 patients seen in a university-based adult
SB clinic from January 2005 to August 2008.
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Inclusion criteria were a clinical diagnosis of
SB cystica and age greater than 18 yrs. Charts from
individuals with a history of SB occulta were ex-
cluded. We recorded the presence or absence of
lymphedema and the anatomical level of the spinal
lesion as determined by a physiatrist based on the
patient’s charted history and physical examination
findings (muscle strength testing and sensory
testing). Several medical comorbidities that have
been previously identified as potential risk factors
for lymphedema (chronic venous insufficiency,
trauma, history of radiation therapy, hypertension,
cancer, cellulitis, infection, and wounds) identified
in the medical history of the patients were also
recorded.6,9,21 Each patient was examined by a
single physician. This allowed for standardized as-
sessment and documentation as to the presence or
absence of lymphedema and other comorbid med-
ical conditions. The diagnosis of lymphedema was
determined by the presence of nonpitting edema
that does not resolve with leg elevation, positive

Stemmer sign, or by having a previous diagnosis of
lymphedema in the electronic medical record.
Patients who reported having a history of cancer
were routinely asked about the type of treatments
that they received, including radiation therapy.
Hypertension was defined as having a systolic blood
pressure greater than 140 mm Hg, per the Seventh
Report of the Joint National Committee on the
Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure guidelines22; taking a blood
pressure medication; or having a listed medical his-
tory of hypertension. Obesity was defined as having a
bodymass index greater than 30 kg/m2 based on their
weight and self-reported height recorded during a
clinic visit. Descriptive demographic information,
including age, sex, ethnicity, employment status,
income, and mobility status (categorized as ambula-
tors, manual wheelchair users, or power mobility
based on the individual’s self-reported primary
method of mobility), was collected. If an individual
used power mobility, information was taken on what

TABLE 1 Demographic variables of a university-associated adult spina bifida clinic with and without
lymphedema

Individuals Without
Lymphedema (n = 218)

Individuals with
Lymphedema (n = 22)

Pn % n %

Age, mean T SD, yrs 35.3 T 11.4 33.7 T 7.2 0.960a

Sex 0.237b

Females 120 55.05 15 68.18
Males 98 44.95 7 31.82

Ethnicity 0.836b

Caucasian 177 81.19 17 77.27
African American 3 1.38 2 9.09
Asian American 12 5.50 2 9.09
Hispanic 1 0.46 0 0.0
Multiracial 4 1.83 0 0.0
Other 2 0.92 0 0.0
Unknown 19 8.72 1 4.55

Employment status 0.746a

Unemployed 126 57.80 13 59.09
Part-time 55 25.23 7 31.82
Full-time 35 16.06 1 4.55
Unknown 2 0.92 1 4.55

Income (yearly) 0.558a

G10,000 63 28.90 10 45.45
10,000Y15,000 18 8.26 2 9.09
15,001Y20,000 13 5.96 0 0.00
20,001Y25,000 14 6.42 1 4.55
25,001Y35,000 17 7.80 0 0.00
35,001Y50,000 17 7.80 1 4.55
50,001Y75,000 18 8.26 1 4.55
975,000 15 6.88 0 0.00
Unknown 43 19.72 7 31.82
aMann-Whitney U statistical analysis.
b
W
2 statistical analysis.
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power seat functions were available on the power
wheelchair (power elevating leg rests, tilt-in-space,
and recline).

Subjects were divided into two groups: those
with no history of lymphedema (lymphedema (j)
group) and those with a history of lymphedema
(lymphedema (+) group). Statistical analyses were
completed using SPSS version 16.0. The total
number of comorbid conditions for each subject
was summed. W2 analyses were used to compare
lymphedema groups with respect to history of each
medical comorbidity, sex, and ethnicity. Monte
Carlo and Fisher exact statistics were used to
compare groups with respect to mobility status and
the presence of power wheelchair seat functions,
respectively. Mann-Whitney U tests were used to
compare groups with respect to number of
comorbid conditions, age, lesion level, employment
level, and income. Level of significance was set as
P G 0.05.

RESULTS
A total of 240 medical records were reviewed.

There were 218 (90.8%) individuals (mean T SD
age, 35.3 T 11.4 yrs) who did not carry a diagnosis of
lymphedema and 22 (9.2%) individuals (mean T SD
age, 33.7 T 7.2 yrs) who carried a diagnosis of
lymphedema. Of the individuals with lymphedema,
1 (4.5%) had unilateral involvement of the lower
limbs, whereas 21 (95.5%) had bilateral involve-
ment of the lower limbs. There were no cases of
upper limb lymphedema. Table 1 shows the demo-
graphic information for both groups (age, race, em-
ployment status, and income level for each group).
There were no significant differences in age, sex,
ethnicity, employment, or income between the two
groups.

The lymphedema groups were significantly
different with respect to anatomical lesion level
(Table 2). The lymphedema (+) group had a greater
percentage of individuals with a thoracic level lesion

TABLE 2 Association between the spina bifida anatomic lesion level and the frequency of lymphedema

Lesion Level

Individuals Without
Lymphedema (n = 218)

Individuals with
Lymphedema (n = 22)

P an % n %

Sacral 11 5.05 1 4.55 0.049a

Lumbar 155 71.10 13 59.09
Thoracic 43 19.72 8 36.36
Sacral agenesis 6 2.75 0 0.00
Not documented 3 1.38 0 0.00

aMann-Whitney U statistical analysis.

TABLE 3 Association between mobility status and the frequency of lymphedema in an adult spina bifida
population

Individuals Without
Lymphedema (n = 218)

Individuals with
Lymphedema (n = 22)

Pn % n %

Mobility statusa 0.007b

Ambulators 81 37.16 2 9.09
Manual wheelchairs 98 44.95 12 54.55
Power 38 17.43 8 36.36
Missing 1 0.46 0 0.00

Power wheelchair featuresa (n = 38) (n = 8)
Power leg rests 18 47.37 5 62.50 0.35c

Tilt 20 52.63 5 62.50 0.456c

Recline 16 42.11 4 50.00 0.489c

aPercentages do not add up to 100% because individuals may have reported the presence of more than one power mobility
feature.

bMonte Carlo statistical analysis.
cFisher exact test statistical analysis.
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than did the lymphedema (j) group. In addition,
there was only 1 (4%) individual in the lymphedema
(+) group with a sacral level lesion, compared with
the lymphedema (j) group, which had 17 (8%)
individuals with a sacral level lesion.

Table 3 shows the mobility status of each group.
Lymphedema groupswere significantly different with
respect to mobility level. In the lymphedema (+)
group, a greater percentage of individuals used power
mobility (36.4%) compared with the lymphedema
(j) group (only 17.4%). For those who used power
wheelchairs, there were no differences between
lymphedema groups with respect to the presence of
power seat functions (elevating leg rests, tilt-in-space,
or recline).

Table 4 shows the medical comorbidities asso-
ciated with lymphedema in each of the groups.
Lymphedema was significantly associated with his-
tory of trauma (P = 0.044), cellulitis (P G 0.001),
wounds (P G 0.001), cancer (P = 0.038), obesity
(P G 0.001), and hypertension (P G 0.001). Lym-
phedema was not associated with chronic venous
insufficiency. No patients had a history of radiation
therapy. Odds ratios were calculated, and overall,
individuals with lymphedema had greater odds of
having an association with each comorbid medical
condition, except a history of radiation therapy.
They were 63.8 times more likely to have an asso-

ciation with cellulitis compared with individuals
without lymphedema. Overall, 90 (37.5%) indivi-
duals were identified as obese, and 92 (38.3%)
individuals were identified as having hypertension.

DISCUSSION
This is the first study of a large cohort of

individuals to document the frequency of lymph-
edema in the adult SB population. The surprisingly
high frequency rate of 9% is almost a 100-fold in-
crease compared with the rate in the general pop-
ulation.17,18 Reasons for this increase are unclear
and should be targets of future research.

Potential associated factors for lymphedema in
the general population include trauma, wounds,
and cellulitis.6,17 These problems could be part of a
cyclical process where loss of skin integrity and
infection puts an individual at risk for lymph-
edema, but the presence of lymphedema itself
could be a risk factor for further breakdown and
infection. Patients with SB are at increased risk of
untreated limb trauma secondary to decreased
sensation in the distribution of the affected spinal
nerve roots. One of our recent studies23 found that
more than 10% of hospitalizations of individuals
with SB were secondary to wounds or subcutane-
ous infections.

TABLE 4 Association between the frequency of lymphedema and other comorbid medical diagnoses in
an adult spina bifida population

Individuals Without
Lymphedema
(n = 218)

Individuals with
Lymphedema
(n = 22)

P
Odds
Ration %a n %a

Medical condition
Chronic venous insufficiency 20 0.09 3 0.14 0.498b 1.56
Trauma 1 0.00 1 0.05 0.044b 10.33
Cellulitis 1 0.00 5 0.23 G0.001b 63.80
Cancer 4 0.02 2 0.09 0.038b 5.35
Radiation therapy 0 0.00 0 0.00 1.000b c

Obese 74 0.34 16 0.73 G0.001b 5.19
Wound 19 0.09 14 0.64 G0.001b 18.32
Hypertension 79 0.36 13 0.59 0.036b 2.54

No. medical conditions G0.0001d

0 86 39.40 2 9.10
1 76 34.90 3 13.60
2 44 20.20 5 22.70
3 10 4.60 7 31.80
4 1 0.50 5 22.70
Missing 1 0.50 0 0.00
aPercentages do not add up to 100 because an individual may have had a history of several of the medical diagnoses listed.
b
W
2 statistical analysis.

cOdds ratio was not calculated secondary to not having any patients who had radiation therapy in our study population.
dMann-Whitney U analysis.
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Inefficient muscular contraction secondary to
muscle paresis could also predispose an individual
to lymphedema. Muscle contraction does assist with
lymphatic drainage and lymph fluid movement.
Impairment of that contraction could lead to the
backup of lymph within the vessels, increasing in-
travascular pressure, which makes it difficult for
fluid to drain into the lymphatic capillaries.10

Owing to the fact that other disabilities such as
spinal cord injury do not have such a high occur-
rence rate of lymphedema, other factors such as
either a developmental abnormality of the lym-
phatic system or chronic obstruction to lymphatic
flow secondary to excessive pressures from depen-
dent limbs or improper wheelchair fitting over an
entire lifetime could be other potential causes. The
association of lymphedema with higher lesion level
and lower mobility status lends further evidence
that those who use wheelchairs are at increased
risk. Supporting this is the clinical observation that
lymphedema does not seem to be common in the
pediatric population, leading to a suspicion that a
length-time relationship between wheelchair use
and development of lymphedema may exist. How-
ever, this has not been studied within the pediatric
or adult SB populations.

Increased tissue pressure caused by hyperten-
sion and obesity (together or alone) could collapse
the vessels of the lymphatic vasculature, causing
trapping of fluid in interstitial tissues, leading to
lymphedema. A review24 of skin manifestations as-
sociated with obesity in 2007 stated that obesity
impedes lymphatic flow, which can lead to the
collection of protein-rich fluid in the subcutaneous
tissue, which will frequently result in lymphedema.
A recent study by Helyer et al.25 showed that obesity
may be a risk factor for the development of lym-
phedema in breast cancer patients.24 Hypertension
itself has been associated with the development of
lymphedema in cancer patients, but the mechanism
is unknown.9,21

The same power seat functions were present on
power wheelchairs, regardless of whether the users
had lymphedema. Although it is known that de-
pendent edema is treatable with a combination of
tilt and recline, which can elevate the legs above the
heart,26 more research is needed to determine
whether there is a similar effect for lymphedema.
We retrospectively analyzed the relationship be-
tween chronic venous insufficiency and presence of
power seat functions and also found no relationship
in this group. Power seat functions may be pre-
scribed for reasons other than edema, such as for
positioning, pressure relief, or orthopedic purposes.

One previous study showed that most people using
power seat functions do not use them as pre-
scribed.27 Better patient education on how to
manage edema with power seat functions may be
necessary.

Interesting findings in this study included the
overall occurrences of hypertension and obesity in
this adult SB clinic population, which were 38.3%
and 37.5%, respectively. Recent reviews of medical
comorbidities of adult patients with SB by Webb28

and Dicianno et al.4 have noted the lack of studies
expressing the occurrence of hypertension in the
SB patient population. This study is the largest to
date to look at the occurrence of hypertension in
the adult SB population. These findings are similar
to those found by Buffart et al.29 in 2008, which
reported an occurrence of hypertension in 20% of
their study population (n = 51) in the Netherlands,
and by Long and Green30 in 2009, who found that
40% of their study population (n = 42) in the United
Kingdom had hypertension. Hypertension in this
population may be secondary to factors not explored
here, including the presence of renal disease, ob-
structive sleep apnea, sedentary lifestyle, and nutri-
tion. In addition, obesity also may be a predisposing
factor, as it may cause microvascular dysfunction
with the cutaneous tissues.24

The high occurrence rate of obesity in this adult
SB clinic population is a concern as well. The finding
that 37.5% of individuals at this adult SB clinic are
obese is similar to other studies, which have found
obesity rates in adolescents and adults to range from
35% to 37%.29,31 Risk factors, which were not ex-
plored here, are numerous in this patient population,
including a nonambulatory status, low activity levels,
low lean muscle mass, and neuroendocrine abnor-
malities from hydrocephalus.32,33

Limitations
Significant associations were found between

lymphedema and anatomic lesion level, wheelchair
use, and several medical comorbidities. However, it is
likely that complex interactions exist among these
variables that cannot be accounted for secondary to
the retrospective study design. A higher level of lesion
is associated with a higher degree of functional im-
pairment,4 which may result in wheelchair use or
more complex medical problems. Certainly, addi-
tional prospective studies are warranted to further
delineate causality and colinearity of the variables.
History of hydrocephalus may also be negatively as-
sociated with functional status but was not examined
here. Despite being cross-sectional and retrospective
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in nature, this was the first study to document the
occurrence rate of lymphedema in the SB population
and serves as a way to identify potential associated
factors that can be examined in larger studies.

The ethnic distribution of the subjects in our
study was reflective of that in our geographic area
but included a low number of individuals of His-
panic descent. Those of Hispanic descent have been
shown to have a similar or greater incidence of SB
than non-Hispanic Caucasians.1,34 The occurrence
of lymphedema in individuals of Hispanic descent
has been mostly undocumented, with only one
study in 200535 showing that Hispanic and African
American women were significantly more likely to
develop lymphedema after breast cancer treatment.
Thus, this study has limited external validity to
certain ethnic groups.

In addition, because of the small total number
of patients with lymphedema (n = 22) in the study
population, the power to make associations is lim-
ited. This can be addressed in future research by
using a multicenter, prospective study design. Al-
though screening protocols for lymphedema were
not addressed in this study, the associations found
in this study could be used to help develop and test
screening protocols in the future.

In addition, the treatment of lymphedema in
this population was not explored at this time.
Therefore, we are not able to comment on the
availability of therapeutic options for the treatment
of lymphedema or on their effectiveness. However,
in this study population, any individual who is di-
agnosed with lymphedema through the adult SB
clinic is referred to a physical therapist specializing
in lymphedema therapy for further treatment.

CONCLUSIONS
This is the first study to document the fre-

quency of lymphedema in an adult SB population,
which was found to be approximately 9%. This is
almost 100 times higher than that in the general
population. Physicians should be attuned to the
possibility of this diagnosis in those with acute or
chronic lower limb edema. In addition, the high
occurrence rates of hypertension and obesity within
this patient population may warrant better screen-
ing, prevention, and treatment options. Further
multicenter orientated research is needed to de-
termine the prevalence of lymphedema in the na-
tional adult SB population. Further research is also
needed to determine the optimal screening and
treatment protocols and to explore ways to prevent
lymphedema in this patient population.
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