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ABSTRACT

Lymphaticovenular anastomosis (LVA) using 
supermicrosurgical techniques is effective for 
treating and preventing progression of lymph‑
edema. We analyzed the influence of pregnancy 
on LVA in five patients from a total 2179 LVA 
cases. Previous studies offer conflicting reports 
on whether pregnancy worsens pre-existing 
lymphedema. This is the first report on the 
influence of pregnancy on lower limb lymph‑
edema previously treated by multisite LVA 
(mLVA). Five patients with primary (n=4) and 
secondary (n=1) lower leg lymphedema were 
analyzed for this study. Patient age ranged 
from 18 to 31 (average 22.6) years old with 4 
right and 1 left extremities involved. Duration 
of symptoms ranged from one to 19 (average 
7.4) years and the periods of compression 
therapy were from 1 to 19 years (6.6 years). 
Four patients had single pregnancies and one 
patient was multiparous with 3 pregnancies. 
Final follow-up ranged from 5.8 to 18 years 
(average 8.9 years) after the primary mLVA. All 
patients had normal pregnancy, birth, and no 
serious complications after surgeries. Following 
pregnancy three patients had complete func‑
tional recovery (limb volume reduction and no 
compression requirement), one with function‑

al improvement (limb volume reduction but 
required compression), and one with no change 
in symptoms (not worse and continued need 
for compression). There were no occurrences 
of infection following pregnancy. Based on this 
case series, it is suggested that pregnancy does 
not worsen the pre-existing lymphedema in 
patients who had previously undergone mLVA. 
Further studies with larger number of patients 
are needed to confirm these results.
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Lymphedema is a progressive disease re-
sulting in chronic swelling and eventual depo-
sition of fibroadipose tissue in affected regions 
of the body. Congenital or developmental 
dysfunction in lymphatic channels are causes 
of primary lymphedema, which can present 
at birth, adolescence, or adulthood. Patients 
may also develop lymphedema secondary to 
infection, trauma, tumor extirpation, or lymph 
node dissection. For decades, non-operative 
modalities of limb elevation, compression, 
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manual decongestive therapy, and weight 
loss have been the mainstay of lymphedema 
treatment. Adjunctive surgical strategies have 
sought to remove accumulated fibroadipose 
tissue in limbs recalcitrant to conservative 
measures by way of liposuction or formal 
excision. Advances in micro- and supermicro-
surgical techniques offer promise to improve 
lymphatic drainage by shunting accumulated 
lymph into the venous system.

Microvascular lymphaticovenular anasto-
mosis (LVA) was first proposed by O'Brien and 
colleagues for obstructive lymphedema (1-3). 
Long-term results reported by O'Brien and 
colleagues, along with other groups, demon-
strated volume reduction or subjective benefit 
in a large subset of patients undergoing LVA. 
Yet, reproducibility of these results was incon-
sistent limiting widespread adoption among 
microsurgeons (4-6). It was the lead authors' 
hypothesis that the major limiting factor 
influencing outcomes was surgical technique, 
where more precise instrumentation, visual-
ization, and handling strategies were required 
to better manage vascular anastomoses on a 
sub-millimeter scale.

To address this limitation, the lead 
authors of this article developed 'supermi-
crosurgery' techniques which enabled precise 
microanastomosis of vessels 0.3 to 0.8 mm in 
caliber (7-10). This required the development 
of superfine microsurgical instruments and 
smaller diameter sutures (here, 12-0 nylon 
with a 50 micrometer diameter needle) to car-
ry out six to eight water tight sutures between 
lymphatic channels and nearby venules of the 
subdermal plexus. Performing multisite LVA 
(mLVA) using supermicrosurgery techniques 
has demonstrated improved results. Since 
1990, the authors have performed LVA in 2179 
patients of which 1900 involved the lower 
extremity and 279 cases involved the upper 
extremity mostly under local anesthesia. Re-
markable improvement to complete recovery 
was obtained in mild to moderate cases (7-10).

Women of childbearing age may present 
with primary lymphedema or develop the 
disease from any of the aforementioned caus-

es. Pregnancy has been shown to not worsen 
lymphedema features in most patients (11,12). 
However, the pregnancy state is associated 
with an increase in overall fluid volume and 
intravascular pressures of the superficial 
venous system (13). Given that successful LVA 
techniques depend on the superficial venous 
system to provide an avenue for lymphatic 
outflow, it is unclear if higher venous pressures 
or pregnancy-related volumetric changes 
influence the long-term results in patients who 
have demonstrated a successful response to 
LVA. There are currently no reports demon-
strating the effect of pregnancy on lymph-
edema in patients who have been previously 
treated with LVA. The purpose of this study 
is to review our experience with this unique 
patient population. 

MATERIALS AND METHODS

We retrospectively reviewed all adult pa-
tients (age > 18 years) who underwent elective 
surgical treatment for lymphedema with LVA 
by the senior author (I.K.) from 1999 to 2017 
and who had a subsequent pregnancy. 

Operative Technique

Patients who presented with mild to 
severe lymphedema and were compliant with 
compressive garments and decongestive thera-
py underwent operative treatment with mLVA. 
All surgeries were performed under local an-
esthesia on adult patients. Two or more 3-cm 
long incisions were used for exposure. Lym-
phatics and subdermal venules (each ranging 
from 0.2 to 0.5 mm in diameter) were identi-
fied under loupe magnification or using an op-
erating microscope. Affected lymphatics were 
often dilated or sclerotic. Where dye staining 
was unable to identify lymphatic channels, 
additional incisions proximally (above knee) 
or distally (e.g., foot dorsum) were made. Sub-
dermal venules were often identified anywhere 
immediately below the dermis or deeper, often 
adjacent to lymphatics. Lymphatic channels 
suitable for anastomosis were chosen based 
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on strong drainage function, which can be 
assessed when transecting the channel under 
an operating microscope. Small subdermal 
venules, ideally 0.5 mm or less in caliber are 
most suitable for anastomosis with lymphatic 
channels as larger cutaneous veins may have 
higher intravascular pressure, limiting outflow. 
We do not use a vascular clamp. End-to-end 
anastomoses were performed with a 12-0 
nylon suture on 50 micrometer needle and 
superfine needle holder under high magnifica-
tion of 20-30X (Fig. 1). Although often com-
pleted under 3 hours, patients (particularly 
those with previous pelvic radiation) required 
urinary catheterization. 

Post-operatively, no bandage was applied 
and patients were encouraged to ambulate 
immediately. All patients were kept in hospital 
for 1 week to receive Prostaglandin E1, a vas-
cular dilating agent. Two weeks later, patients 
were fitted for elastic compression stockings 
to be worn for at least 6 months. (Our wean-
ing protocol for compression garments: in a 
mild garment at 1 week, and then a stronger 
compression garment at 3-4 weeks, no physio-
therapy. Antibiotics were given for 1week. No 
liposuction prior to becoming pregnant)

Clinical Outcome Evaluation

In patients who had undergone previous 
mLVA, pre- and postpartum concerns in-
cluded subjective worsening of lymphedema, 
requirement of compression, and occurrence 
of post-operative infection requiring hospital 
admission. 

Lymphedema evaluation was based on 
patient subjective concerns and periodical 
morphometric analysis using photographic 
assessment taken at every three months.

RESULTS

Five patients were identified from a total 
of 1900 lower extremity lymphedema cases 
who underwent LVA surgery and who subse-
quently became pregnant post-operatively. In 
one case, the patient received an additional 

procedure – a vascularized lymphatic channel 
transfer from the lateral thoracic region after 
undergoing an LVA previously. There were 4 
cases of primary lymphedema and one case of 
secondary lymphedema due to trauma. There 
were no patients with a history of familial 
lymphedema. LVA was performed in patients 
aged 18 to 31 years (average 22.6 years) with a 
total of 5 unilateral lower extremities (4 right: 
1 left). Duration of lymphedema ranged from 
1 to 19 years (average 7.4 years). All patients 
were compliant with compression for at least 
1 year prior to undergoing LVA (range 1-19 
years, average 6.6 years). Two of these patients 
had occurrences of infection requiring hospital 
admission for intravenous antibiotics involv-
ing the lymphedematous extremity prior to 
undergoing LVA. 

Number of LVA performed per patient 
ranged from1 to 3 (average 1.4) and were 
accomplished in a 3 hour setting. At final 
follow-up prior to pregnancy, 3 patients had 
an excellent result with complete resolution of 
edema and did not require compression and 
1 patient had moderate improvement with 
reduced swelling and no compression require-
ment. One patient did not demonstrate any 
improvement of symptoms and was main-
tained on compression.

All patients had a normal pregnancy, birth 
and no serious complications associated with 
childbearing or their LVA surgery prior. Of 
the included patients, four had 1 pregnancy 
and one patient had 3 pregnancies. Function-
al outcomes remained unchanged pre- and 
post-pregnancy. 

A summary of patients included in this 
case review is provided in Table. 

Representative Case Examples

Case 2: LVA for primary lymphedema and a 
single pregnancy (Figs. 1A and 1B)

A 21-year-old woman suffered from pri-
mary lymphedema of the left leg complicated 
by an episode of cellulitis. Physiotherapy and 
compression was administered for three years 
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without improvement. Six LVA under local 
anesthesia were performed along the medi-
al aspect of the left leg. Postoperatively, the 
patient's lymphedema improved, and by four 
years post she no longer required therapy or 
compression garments. Six years after surgery, 
she had an uncomplicated pregnancy without 
any worsening of the involved extremity. At 
final follow-up seven years and 11months after 
the LVA (two years post-pregnancy), circum-
ference was decreased after pregnancy and she 
did not require any additional compressive or 
physiotherapy. 

Case 4: LVA for primary lymphedema and 
multiple pregnancies (Fig. 2)

A 24-year-old woman suffered from pri-
mary lymphedema of the right leg whose onset 
presented at age 17. She was treated with con-
tinued physiotherapy and compression for six 
years. Six LVA were performed along the me-
dial aspect of the right leg. While her limb did 
not decrease in volume, it remained responsive 
to compressive therapy. Three years and seven 
months after surgery, she had a child and her 
lymphedema remained the same size as before 
pregnancy. She still needed compression. At 
four years and seven months after surgery, she 
had a second child and edema of the right leg 
worsened despite constant compression. Six 
years post-operatively, she had her third child. 

TABLE
Summary of patients

    Frequency 
Case Age Side History of surgery Pregnancy Follow Final results 
1 31y R L20yEC1yP- LVA2x 1x 18y no compression 
2 21y L LpE3yC1yP1 LVA1x 1x 8y no compression 
3 18 R LpEC6yP2 LVA2x 1x 8y no compression 
4 24 R LpE7yC6yP- LVA1x 3x 5y10m no change 
5 19 R congL19yEC19yP- LVA1x 1x 5y excellent 
average 22.6 y  E7.4y C6.6y 1.4x 1.4x 8.9y  
(R=right; L=left; L20y= latency period of 20 years after skin graft; Lp=primary lymphedema; 
cong=congenital lymphedema; E=duration of lymphedema; C=duration of compression; P=frequency of 
deep cellulitis; LVA=lymphaticovenular anastomosis; LVA x 1=one LVA performed; no compression=no 
need for compression; pregnancy=frequency of pregnancy and birth).  
An “excellent result” means continued need for compression and is different from “no compression 
required”; “no change” refers to patients who did not have any change in their lymphedema and still 
require compression.  
 

Fig. 1. Case 2 with primary lymphedema for three 
years and one episode of infection. 1A (left): Preop‑
erative condition. Compression was not able to stop 
progression of edema or infection. 1A (right) Patient 
demonstrates functional recovery with no compres‑
sion at seven years and 11months after surgery and 
two years after one birth. 1B Operative photograph 
at the left ankle demonstrates multiple lymphaticov‑
enular anastomosis (LVA) under operating micro‑
scope. Lymphatics (L) are dilated and translucent. 
V indicates subdermal venules and the arrowheads 
show the anastomoses.
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Over successive pregnancies, she experienced 
generalized weight gain resulting in some ac-
cumulated adipose tissue in her limb, but the 
consistency was similar to her other limbs and 
was not fibrofatty. Overall, her lymphedema 
remained constant throughout this course and 
did not worsen.

Case 5: LVA for congenital lymphedema and a 
single pregnancy (Fig. 3)

A 19-year-old woman with congenital 
lymphedema of the right leg was treated with 
continued physiotherapy and compression for 
19 years. Four LVA were performed along the 
medial aspect of the right leg. After surgery, 
her limb decreased in volume. Two years and 
one month after surgery, without any worsen-
ing of the involved extremity, she had a child 
and her lymphedema continued to demon-
strate the same size as before pregnancy. By 
five years after surgery (three years post-preg-
nancy), the circumference remained the same 
as before pregnancy, but required compressive 
therapy. 

DISCUSSION

Young women of childbearing age can be 
affected by lymphedema. There are a limited 
number of studies available describing the 
interaction of the pregnancy with lymphede-
ma. This is likely due to the relatively rare 
incidence of primary or secondary lymphede-
ma in young patients in industrialized nations 
and limited access to therapy and clinical 
follow-up in the developing world where 
lymphedema is more likely to impact women 
of childbearing age. 

In their short series of 15 patients, Brun-
ner and Lachat observed that although lymph-
edema may vary in first and second trimesters, 
it returns to an irreversible state following 
pregnancy and can worsen with multiparity 
(11). Vignes and colleagues’ study was more 
encompassing and described the course of 49 
women at a single center over 4 years (12). 
These patients were mainly treated with com-
pression and lymphedema therapy. In contrast 
to Brunner's results, only 10% had subjective 
complaints of exacerbated disease, while 50% 
of women experienced longer lasting, albeit 
transient, increase of limb edema. Of the four 
patients who were multiparous and experi-

Fig. 3. Case 5 with congenital lymphedema for 19 
years. (left) Preoperative condition. Compression did 
not stop progression of edema. (center) Patient im‑
mediately after surgery consisting of four LVA for the 
right leg and one prophylactic for left leg (right). Pa‑
tient three years after birth and five years after LVA 
operation. Dramatic improvement using the same 
compression as before the surgery.

Fig. 2. Case 4 with primary lymphedema for seven 
years. (left) Preoperative condition. (center) Patient 
image following two births and four years and seven 
months after surgery. Fat hypertrophy in the thigh is 
due to increased body weight. (right) Nine months af‑
ter the third pregnancy and five years and 10 months 
after LVA surgery. Edema was maintained with com‑
pression.
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enced worsening lymphedema after the first 
pregnancy, lymphedema was further worsened 
after a second pregnancy (12). While one can 
infer early onset lymphedema may not worsen 
with lymphedema, limited patient numbers 
and heterogeneity of causative and patient 
factors limit generalizability. They also do not 
offer guidance as to which subset of lymph-
edema patients (e.g., primary vs. secondary, 
acquired vs. inherited, etc.) may be at greater 
risk of disease progression.

We have previously shown the usefulness 
of LVA for lower limb lymphedema from both 
primary and secondary causes. Outcomes can 
range from reduction of concerning symptoms 
and complete independence from compression 
therapy to absent improvement in some. De-
spite having completed this technique in over 
2100 patients, we identified only 5 patients 
who became subsequently pregnant. Low num-
bers are reflective of both the rare incidence 
of lymphedema among younger patients in 
Japan and other developed countries and the 
few centers worldwide with capacity to offer 
physiologic procedures for lymphedema, such 
as LVA. All but one patient (case 4) demon-
strated complete or near-complete functional 
recovery with improvement of symptoms 
post-pregnancy except for one patient with 
primary lymphedema who required continued 
compression therapy. Patients observed in this 
study also had a relatively longer follow-up 
(8.6 years after surgery) compared to other 
studies reported in the literature. 

The mechanism of lymphatic drainage 
is facilitated by active contraction of smooth 
muscle cells within tunica media of collecting 
lymph channels, which have arterioles and ve-
nules on the outer surface of lymphatics (i.e., 
a vasa lymphorum). Based on the lead au-
thor's (I.K.) electron microscopic study, even 
in primary edema, early stage lymphedema is 
characterized by loss of these feeding vessels, 
whereas later stages exhibit degeneration of 
smooth muscle cells and subsequent disor-
ganized smooth muscle cell regeneration (7). 
Recurrent episodes of lymphangitis produce 
sclerosis, obstruction, and fibrotic change, 

which completely damage the drainage func-
tion. Irradiation, obesity, and infection are 
extrinsic factors that can seriously exacerbate 
lymphedema. We have observed that even 
in mild cases of lymphedema, loss of feeding 
vessels and lymph channel sclerosis can be 
identified. 

Our series suggests that patients who 
showed improvement due to LVA are likely 
to maintain their functional gains following 
pregnancy. These patients may or may not 
require the use of additional compression or 
physiotherapy during pregnancy. However, 
given the limited number of patients observed 
in this series, we cannot determine the influ-
ence of other contributors of lymphedema on 
outcomes, such as primary lymphedema or 
secondary lymphedema along with duration 
of symptoms. Although the studies by Brun-
ner and Lachat, and Vignes and colleagues 
showed a subset of patients whose lymph-
edema worsened during pregnancy (11,12), 
conclusions cannot be drawn as of yet if LVA 
can reduce the effect of pregnancy in these 
patients. Further studies are needed to better 
evaluate this population. The primary fear of 
patients afflicted with lymphedema who show 
improvement is symptom recurrence. This 
study may be of benefit in helping advise pa-
tients on expected outcomes following mLVA 
and pregnancy.
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