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ABSTRACT

The reported incidence of lymphedema
varies greatly among women treated for breast
cancer, making counselling for surgery chal-
lenging. This study assessed the incidence of
lymphedema in patients undergoing mastecto-
my and free flap reconstruction using robust,
quantifiable, and replicable diagnostic criteria.
Data on limb circumference, limb volume, and
reported symptoms was collected prospectively
pre-operatively, post operatively, and at 2 years.
All patients undergoing skin sparing mastecto-
my with axillary node clearance and immediate
free tissue breast reconstruction between 2009
and 2018 were included. We followed 113 pa-
tients to 2-year follow-up. The prevalence of
patients meeting two identifying criteria was
highest in the immediate post-operative period
at 11%, falling to 4% at 2 years. The proportion
of patients meeting three criteria remained stat-
ic from the post-operative period to two years
at 7%, though the incidence declined over that
period. All the patients with three identifying
criteria post-operatively and at two years had
received either chemotherapy or chemotherapy
and radiotherapy. Clear diagnostic criteria are
important for the accurate assessment and
study of post operative lymphedema. It is pos-
sible that free tissue transfer could reduce the
incidence of or delays the onset of lymphedema
in patients undergoing mastectomy and axillary
clearance.

Permission granted for single print for individual use.

Keywords: Breast cancer; Secondary lymph-
edema; Diagnostic criteria (for lymphedema)

INTRODUCTION

Those undergoing mastectomy for breast
cancer face many decisions related to treat-
ment and reconstruction. The wide range of
percentage risks of lymphedema after axillary
dissection quoted in various studies makes
counselling and consenting patients difficult.
Innovations in treatment and improved sur-
vival rates shift the focus of patients and clini-
cians towards reducing associated morbidity.

Lymphedema is the chronic accumula-
tion of lymphatic that occurs when part of the
lymphatic drainage system fails to work effec-
tively. It can lead to tissue changes, pain, re-
duced exercise tolerance, recurrent infections,
and poor quality of life. The condition is
caused by disruption in lymphatic drainage
and a buildup of lymph fluid in the tissues. In
the literature the likelihood of developing
lymphedema after breast cancer is mostly esti-
mated around 20% (1-4), however, diagnostic
criteria vary widely. One study quoted a rate
as high as 87% at 30 months using a 2cm
difference in circumference as the diagnostic
criteria (5).

Causes of lymphedema previously dis-
cussed have included the extent of surgical
dissection and subsequent scarring, radio-
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therapy, the presence of superadded infec-
tion, and impedance of the axillary vein.
Svensson et al demonstrated that within their
cohort of patients with chronic arm oedema
after breast cancer treatment, 70% of patients
had impaired venous outflow (6). Higher rates
of sonographic abnormalities within the axil-
lary vein have also been demonstrated in pa-
tients with breast cancer related lymphedema
(7) and altered flow has been demonstrated
within the axillary vein after axillary dissec-
tion (8).

One of the main difficulties faced by
physicians trying to diagnose and investigate
breast cancer-associated lymphedema is the
lack of defining criteria. It could, of course, be
argued that patient-reported symptoms are
the most important factor defining lymphede-
ma, and Fu et al. showed patients reporting
three symptoms to be a sensitive and specific
marker of lymphedema (9). However, clinical
diagnosis combines several factors, and having
quantifiable data enables more accurate com-
parison. The measurement of arm circumfer-
ence using 10cm interval measurements de-
scribed by Foroughi is easily replicated with
good reliability (10), and limb volume differ-
ence is a practical and time-efficient way to
assess for lymphedema (11). We have sought
to combine these in assessing patients in our
study.

METHODS

As a means of monitoring for lymphede-
ma, all patients from 2009 onwards under-
going mastectomy & immediate reconstruc-
tion have had limb volumes calculated pre &
postoperatively with data stored on an excel
database. With institutional approval (from
the Caldicott Guardian, Ninewells Hospital
Dundee, 2020), those patients who underwent
axillary clearance & immediate autologous
free flap reconstruction were identified, total-
ling 210 patients. From this, 198 patients who
had full preoperative and postoperative data
at 6 months were included, 113 patients had
full data available at 2-year follow-up. Details
of adjuvant cancer treatment, limb dominance
and any lymphedema treatment were noted.
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Lymphedema was identified using three
recognized criteria: patient-reported symp-
toms (e.g., swelling/heaviness); >2cm circum-
ferential difference at a fixed point of meas-
urement; and excess volume of >10% (limb
volume was calculated by measuring limb cir-
cumference at 4cm intervals using the modi-
fied Frustum method where segment volume
=L/M12r (C12+ C1C2 + C2?)

All patients had a skin sparing mastec-
tomy with full axillary clearance, followed by
an immediate free tissue breast reconstruction.

RESULTS

Patients ranged in age from 25 to 68
(mean 50); 92% were right-handed and 8%
left-handed. Left mastectomies were carried
out on 44.4% of patients and right mastecto-
mies on 39% of patients, 17% had bilateral
mastectomies.

Patients who underwent axillary node
clearance on the side of their dominant hand
made up 47% of the group, 53% had surgery
on the contralateral side to their dominant
hand. Most patients underwent adjuvant
treatment; 73% had combination chemothera-
py and radiotherapy, 13% had chemotherapy
alone and 3% had radiotherapy only. (Table
I1). Prior to surgery 17% of patients demon-
strated at least one identifying criteria, but
only 2% met all three. In half of these patients
the affected arm was their dominant side
(which can be up to 10% larger (13)). The side
affected and presence or absence of symptoms
did not appear to follow a pattern in this
group, however six patients (3%) met none of
the criteria at six months and 2 years, suggest-
ing an improvement in their lymphedema
after surgery (Fig. ).

The prevalence of those meeting two
identifying criteria was highest in the immedi-
ate post-operative period at 11%, falling to 4%
at 2 years. The proportion of patients meeting
three criteria remained static from the post-
operative period to two years at 7%, though
the incidence declined over that period from
5% to 3% (Fig. 2).

All the patients with all three identifying
criteria post-operatively and at two years had
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TABLE 1
Percentage of Patients Experiencing Symptoms, with Increased Circumference, Increased Limb Volume,

and Meeting Two or Three Criteria Pre-Operatively, Post-Operatively, and at Two Years According to
Adjuvant Treatment and Side of Cancer

Pre-Operative Assessment

Symptoms Circumference VDiff 2 criteria 3 criteria
Chemotherapy 4% 4% 4% 0% 4%
Radiotherapy 0% 0% 0% 0% 0%
Chemoradiotherapy 3% 11% 7% 3% 1%
No adjuvant treatment 5% 0% 0% 0% 0%
Dominant Side 5% 11% 9% 6% 3%
Non-Dominant Side 1% 7% 3% 1% 1%
Post-Operative Assessment
Symptoms Circumference VDiff 2 criteria 3 criteria
Chemotherapy 23% 19% 12% 4% 8%
Radiotherapy 0% 17% 17% 17% 0%
Chemoradiotherapy 27% 23% 14% 10% 8%
No adjuvant treatment 10% 29% 19% 19% 0%
Dominant Side 32% 29% 24%  14% 13%
Non-Dominant Side 17% 16% 8% 9% 2%
Assessment at 2 years
Symptoms Circumference VDiff 2 criteria 3 criteria
Chemotherapy 17% 25% 17% 0% 17%
Radiotherapy 0% 0% 0% 0% 0%
Chemoradiotherapy 22% 18% 10% 6% 7%
No adjuvant treatment 38% 0% 0% 0% 0%
Dominant Side 19% 15% 11% 4% 8%
Non-Dominant Side 8% 6% 1% 1% 1%
25
20
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0
Pre-OP (198) Post-OP (198) 2years (113)
>=10% Vol Diff 2cm difference Signs and Symtpoms

Fig. 1. The percentage prevalence of criteria used to diagnose lymphedema at the three time points.
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Fig. 2. The percentage prevalence of patients meeting multiple diagnostic criteria at the three different time points.

TABLE 2
The Average Number of Criteria Met by Patients Pre-Operatively, Post-Operatively, and at 2 Years
by Treatment Modality
Treatment Average No. Average No. Average No.
Criteria Pre-op  Criteria Post-Op Criteria 2 years
Pressure Garments and
0 2 1
Massage
Massage Only 0 0.8 0.8
Pressure Garments Only 0.4 1.8 1
No Treatment 0.2 0.4 0.1
received either chemotherapy or chemothera- DISCUSSION

py and radiotherapy. The effects of radiother-
apy alone appeared to be temporary and had
resolved at two years, though this was a small
group of patients. Patients who underwent
surgery on their dominant side had higher in-
cidences of all criteria at all time points. Treat-
ment with pressure garments appeared to be
effective, reducing the average number of cri-
teria met by patients at two years. Treatment
with massage alone did not appear to have an
effect (Table 2).

Patients with evidence of lymphedema at
their post-operative review were referred for
lymphatic massage and pressure garments.
Patients had variable compliance with pres-
sure garments.
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This study is limited by the exclusion of
patients with a BMI >35, however it would be
unusual to offer someone with a very high
BMI a free flap reconstruction, so this is in
line with current practice.

Some variability in limb volume related
to hand dominance has been demonstrated by
Smoot et al (12). However, we found a small
group of patients that experienced symptoms
of lymphedema and limb volume and circum-
ference difference pre-operatively. This is in
line with previous studies suggesting that there
can be significant pre-operative functional dif-
ferences in the lymphatic system on the affect-
ed side (13). In the data presented by Armer
and Stewart patients who met lymphedema
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criteria pre-operatively were excluded from
subsequent analysis (14,15), and once a patient
met one criterion it was assumed that the cri-
terion was met at all subsequent time points.
Our findings are in stark contrast to those of
Armer and Stewart, who demonstrated a
steady increase in the incidence of lymphede-
ma to 87% at 2.5years in patients undergoing
surgery for breast cancer. Our data suggests
that patients undergoing free-flap reconstruc-
tion may behave differently; when multiple
criteria are combined to identify the presence
of lymphedema the persistent rate of lymph-
edema after mastectomy, axillary clearance
and free-flap reconstruction is 7.1%. There
may even be a small group of patients for
whom surgery with free-flap reconstruction
improves their lymphedema, this is in line
with previous findings (16-18).

It is possible that our low rate of lymph-
edema as defined by three criteria reflects a
relatively short follow-up time. Menzes et al
demonstrated a 33% incidence of lymphedema
in women undergoing breast reconstruction
(mostly with TRAM flap) and found that the
average time to presentation was 93 months,
however hand dominance and BMI were not
adjusted for and only a single criterion of limb
volume difference was used (19). Some studies
have not found that reconstruction influences
time to presentation (20), however most have
demonstrated a significant reduction in inci-
dence as well as later presentation (18,21,22).
It should be noted that patient-reported symp-
toms appeared to be the most sensitive identi-
fying criterion, and it could be argued that it is
the most important. The 22% of patients expe-
riencing this at 2 years is a closer figure to
those previously reported in patients under-
going reconstruction by Menzes (19). A previ-
ously proposed mechanism is that in this
group of patients the use of free tissue transfer
provides healthy tissue to the axilla, reducing
scarring around the axillary vein (23). The
presence of vascularized tissue may also allow
for growth factors to be released, enabling
angiogenesis and lymphatic regeneration (24).

The current mainstay of treatment in our
unit is manual decongestive massage with
fitted compression garments. This appears to
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be effective for patients with early signs of
lymphedema at postoperative review, and the
average number of criteria met by patients at
two years is reduced. Patients had variable
compliance with compression garments and
treatment with massage alone did not appear
to have an effect. It is thought that early inter-
vention with external compression garments in
the absence of signs or symptoms does not
prevent lymphedema in patients undergoing
axillary clearance (25), however there are
emerging surgical approaches that may be
relevant to these patients in the future. Lymph
node transfer is one such recognised technique
and reports of significant improvement have
been made (26-29). The preparation for lymph
node transfer involves excision of the scar
tissue in the axilla in preparation for transfer
of the vascularised lymph node. Scar tissue
can impede the flow of lymphatic fluid and it
has been shown that the extent of dissection is
related to the severity of lymphedema (30)
which implicates a role for extent of scarring.
It is possible that we demonstrated a relatively
low rate of lymphedema after surgery because
the transfer of any vascularised tissue prevents
formation of scar tissue across the axilla and
has a similar effect to transferring lymph
nodes (31,32). This merits further exploration
as taking donor lymph nodes carries adjacent
risks of lymphedema to the donor area (33). If
axillary scarring is the primary driver behind
upper limb lymphedema following axillary
clearance it is possible that other techniques
such as fat grafting around the axillary vein
may be of benefit (34). In the future it may be
possible to identify individuals at higher risk
of developing lymphedema and techniques
such as reverse arm mapping and prophylactic
lymphatic venous anastomosis (35-38) at the
stage of axillary clearance may be considered.
As alternative oncological approaches to
axillary disease emerge, it may be that an
emerging conservative approach to axillary
surgery causes less scarring and a decrease in
lymphedema after surgery may be seen (39).

It has previously been suggested that not
only lymphatic but also venous obstruction
may be implicated in arm swelling after axil-
lary clearance.
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We feel this study has enabled us to
provide clearer information for our patient
group when discussing their risk of developing
lymphedema, however it remains a difficult
condition to predict given it often has multiple
contributing factors. A further confounding
problem is that literature on the subject is
often challenging to interpret given the varying
diagnostic criteria. Many promising treatment
techniques are discussed in the literature to
further reduce the risk of developing lymph-
edema. However, we feel it is important to
interpret the results cautiously until there are
randomized control trials comparing the
treatment modalities with clear diagnostic
criteria for lymphedema.
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