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Abstract

Introduction: Volumetric measurement through water displacement and
circumferential measurement is commonly employed for lymphedema
diagnosis. This study aimed to investigate the association between diagnostic
thresholds of circumferential and volumetric arm measurements in patients
with breast cancer.

Materials and Methods: This was a cross-sectional study on patients with
breast cancer related lymphedema presenting to a lymphedema clinic in Tehran
between 2009 and 2019. Demographic characteristics, circumferential
measurements (at seven time points along the upper limb), and volumetric
measurements (using the water displacement method) were extracted from
patient documents. Inter-limb circumference differences of >2 ¢cm and >2 cm,
>5 ¢m and >5 cm for the sum of all circumference measures, inter-limb volume
differences of >10% and >10%, >200 and >200 ml were assessed. We
examined the association between different indices by Cohen’s kappa
coefficient and evaluated the accuracy of circumference measurements
compared to volumetric measurements.

Results: Totally 4647 cases were assessed for circumference and volumetric
measurements. Substantial agreement was found between circumference index
>2 and >5 cm (Kappa=0.720), and circumference index >2 and volumetric
index >10% (Kappa =0.628). The >2cm index had a higher association with
>200 ml (R2= 0.296). Considering the volume difference of >200 ml as a
standard index, the >2 cm index had the highest sensitivity (90.74%) and
accuracy (83.19%) compared to other indices.

Conclusion: Considering the index >200 ml as the standard volumetric
threshold, the highest sensitivity and accuracy were related to the index >2 cm.
About 30% of edema volume changes could be predicted by circumferential
measurement. It seems that evaluating the effect of other variables influencing
edema estimation should be assessed in future studies.
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Introduction

Lymphedema is a condition caused by the
accumulation of lymphatic fluid due to a
disturbance in the Ilymphatic system. This
complicated, chronic, and progressive disease can
occur in any part of the body and can cause
physical and psychological disturbances in
patients (1). Breast cancer-related lymphedema is
a common type of secondary lymphedema, with a
prevalence of 6.16% (2).

Early diagnosis of lymphedema before its clinical
manifestation can influence its treatment. There is
no unified approach for diagnostic criteria for
upper limb lymphedema, especially for breast
cancer-related lymphedema. A wide range of
mental and physical tools are used for diagnosis
(1). The most common clinical method is
measuring arm circumference and volumetric
measurement  using  water  displacement.
Volumetric measurement using water
displacement, which is considered as the gold
standard for measuring volume, estimates the
volume of the affected limb by submerging it in a
water tank up to the predetermined mark set by
the physician (3).

Usually, a difference of more than 2 cm in arm
circumference, a difference of more than 200 mm
in volume, or a difference of more than 3-10% in
arm circumference or volume is used to define
breast cancer-related lymphedema (3). It is
necessary to have an accurate estimate of the
diagnostic  value of arm circumference
measurement and to be able to introduce an
appropriate diagnostic method for lymphedema
based on common circumference measurements,
while determining the relationship between
circumferential and volumetric measurements.
Therefore, this study aimed to investigate the
relationship  between  circumferential  and
volumetric measurements in patients with upper
limb  lymphedema, considering volumetric
measurement as the gold standard for measuring
edema.

Materials and Methods

This study was a cross-sectional study
conducted on patients with upper limb
lymphedema who presented to the Pooya
physiotherapy and Ilymphedema clinic in
Tehran from 2009 to 2019. The study was
approved by the Ethics Committee of
Academic Center for Education, Culture and
Research at  University of Mashhad
(IR.ACECR.JDM.REC.1400.063).

The medical records of all patients with upper
limb lymphedema were reviewed in the
lymphedema clinic. A dataset was designed in
SPSS software including patient information
such as file code, affected side, arm
circumference in centimeters at seven points
for both the affected and unaffected arms, and
arm volume for each patient. The
circumferential measurements were taken at
points A or the base of the fingers (along the
little finger), B on along the thumb finger,
point C or the wrist, point D or the midpoint of
points C and E, point E or the elbow crease,
point F or the midpoint of points E and G, and
point G or 2 cm below the axillary fold of the
affected and unaffected arms. The volume of
lymphedema was also calculated using the
water displacement method. In this method,
the healthy limb was immersed in a water tank,
followed by the affected limb up to 2 cm
below the armpit. The displaced water was
then measured in milliliters in a graduated
cylinder, and the edema volume was calculated
as the difference in volume between the
affected and healthy arms.

Arm volume = Height of water column x
Cross-sectional area

Based on various criteria for measuring
circumferential changes in other studies (2),
the following indices Based on various criteria
for measuring circumferential changes in other
studies (2), the following indices were
considered as indicators of lymphedema:

A difference between the affected and healthy
limb in circumferential measurements of >2 or
>2 cm at each of the measured points, a sum of
the differences in circumferential
measurements at all points of >5 or >5 cm, a
difference in limb volume of >10% or >10%,
and a difference in limb volume of >200 or
>200 ml between the affected and healthy
limb. Volumetric measurements at 150 and
100 ml cutoff points were also examined.
Descriptive tests were used to investigate the
demographic characteristics of the study
population and the frequency of individuals
with the disease. The agreement between the
diagnostic circumferential and volumetric
indices was measured using the Kappa
coefficient.  The accuracy  (sensitivity,
specificity, positive and negative predictive
values) of circumferential diagnostic indices
was determined by considering a volumetric
difference of more than 200 ml as the standard
index.
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Results

Overall, 4748 measurements related to
approximately 2500 patients with breast cancer
presenting to the Pooya lymphedema clinic
were extracted and recorded. After cleaning
and removing incomplete data, 4647
measurements were included in the analysis.
Of this number, 2220 cases (47.8%) were
affected on the right side and 2427 cases
(52.2%) were affected on the left side. The
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smallest recorded hand length (distance
between points E and G) was 13 centimeters
and the largest hand length was 22 centimeters,
with the mean and standard deviation of 17.1
and 23.1 centimeters, respectively. The
minimum and maximum hand edema volumes
were 487.5 and 7875 milliliters, with mean and
standard deviation of 2931.9 and 802.41
milliliters, respectively.

Table 1: Demographic characteristics of upper limb lymphedema patients from 2009 to 2019.

Variable NO. (%) Valid percent
Gender

Male 47(1) 1
Female 4605(99) 99
Occupation

Household 3710(79.8) 79.8
Employee 936(20.1) 20.1
Student 3(0.1) 0.1
Retired 3(0.1) 0.1
Education

Iliterate 459(9.9) 9.9
Primary school 1156(24.8) 24.8
High school 1676(36) 36
University 1361(29.3) 29.3
Marital status

Single 444(9.5) 9.5
Married 4039(86.8) 86.8
Divorce/Widow 169(3.6) 3.6
Dominant hand

Right 4261(91.6) 91.6
Left 391(8.6) 8.4
Dominant/affected hand

Alignment 2355(50.6) 50.6
Non-alignment 2297(49.4) 49.4

16(2):39-54

As shown in Table 2, the frequency of
lymphedema was 62.8%, 73.8%, 63.2%, and
64.9% for circumferential indices >2 cm, >2
cm, >5 cm, and >5 cm, respectively. Among
the volumetric diagnostic indices, the highest
frequency of positive lymphedema (3982

individuals, 85.7%) was observed in patients
with an index of >100 mL. Based on
volumetric indices, 70% and 72.6% of the
patients had lymphedema with indices >200
mL and >200 mL, respectively.
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Table 2: Frequency of upper limb lymphedema patients based on circumferential diagnostic

measurements.

. . Lymphedema (Negative) Lymphedema (Positive)
Diagnostic Index N (%) N (%)
>2cm 1731(37.2) 2916(62.8)
>2cm 1216(26.2) 3431(73.8)
>5cm 1711(36.8) 2936(63.2)
>Scm 1631(35.1) 3016(64.9)
>10% 1662(35.8) 2985(64.2)
>10% 1621(34.9) 3026(65.1)
>200ml 1395(30.0) 3252(70.0)
>200ml 1273(27.4) 3374(72.6)
>150ml 1021(22.0) 3626(78.0)
>150ml 939(20.2) 3708(79.8)
>100ml 668(14.4) 3979(85.6)
>100ml 665(14.3) 3982(85.7)

The agreement between different diagnostic
indices of circumferential and volumetric
lymphedema was evaluated using the kappa
agreement coefficient. The highest agreement
coefficient was observed between
circumferential indices >2 cm and >5 cm
(72%) and volumetric indices >200 mL and
>150 mL (86%). The highest agreement
between circumferential and  volumetric
measurements was found between the index >5
cm and the index >200 mL (60%).

Based on the kappa agreement coefficient, the
volumetric index >200 mL had a higher
agreement  with  circumferential  indices
compared to other volumetric indices.

Therefore, the association of this index as a
standard index with various circumferential
indices was examined using single-variable
regression analysis. The results showed that
the R? of different indices ranged from 0.213
(>2 cm) to 0.296 (>2 cm), with no significant
difference between them.

Considering the difference in volume >200 mL
as the estimate for the gold standard index of
lymphedema, the sensitivity and specificity of
the diagnostic circumferential indices were
investigated. According to this analysis, the
index >2 cm had the highest sensitivity
(90.74%) and accuracy (83.19%) compared to
other indices (Table 3).

Table 3: Sensitivity, specificity, positive predictive value, and accuracy of circumferential indices for
lymphedema diagnosis in upper limb lymphedema patients.

(I:Driiz:g:i(;stic Sensitivity (%) Spe(ti;i)city POSiS\;?UZr(e;:; tive Preé\ilsgi%“(falue Accuracy (%)
>2cm 81.92(80.55-83.23) 81'22%2581' 91.36(90.28-92.35) 66.03(6375-68.26) 81.92(80.79-83.02)
>2em  90.74(89.70-91.72) 65"22?33’503' 86.01(84.80-87.15) 75.25(72.72-77.65) 83.19(82.09-84.26)
>5cm 82.23(80.87-83.53) 81‘2?22507' 91.08(89.99-92.08) 66.22(63.92-68.46) 81.92(80.79-83.02)
>5cm 83.83 (82.51-85.08) 79'21(;%99_ 90.38(89.28-91.41) 67.75(65.42-70.02) 82.44(81.32-83.52)
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Discussion

In this study, we investigated the relationship
among four circumferential and eight
volumetric indices for measuring lymphedema.
According to more conventional
circumferential and volumetric methods in the
literature, which define lymphedema as a
difference of equal to or greater than 2 cm in
one of the points of arm circumference
measurements or a volume measurement of
equal to or greater than 200 mL (2), 73.8% and
72.6% of patients were identified, respectively.
Among the circumferential measurement
methods, the highest agreement (72%) in
defining lymphedema was observed between
the indices >2 c¢cm and >5 cm, indicating
relatively equal accuracy of circumferential
measurements in estimating the presence of
lymphedema in the limb. Among the
volumetric measurement methods, there was
an agreement of over 85% between the cutoff
points of <200 and <150. This suggests that the
cutoff point of 200 mL, which is commonly
used as an index for defining lymphedema in
most sources, may not be an accurate estimate,
and reducing this cutoff point may identify
more patients with lymphedema with higher
accuracy. In some other studies, the use of the
200 mL cutoff point has raised concerns about
the failure to diagnose lymphedema with
volumes less than 150 mL (4). Therefore, it is
necessary to determine the cutoff point and its
importance in treatment planning based on
available health policies and resources.

One advantage of this study is the relatively
large sample size, which facilitated the
investigation of many correlations. Therefore,
we compared the accuracy of each
circumferential measurement method to the
standard  volumetric  measurement  of
lymphedema, which is higher than 200 mL.
The highest sensitivity (90.74%) pertained to
the index >2 cm, and the highest specificity
(94.81%) pertained to the index >2 cm. The
difference in accuracy among the different
indices was small, and the highest accuracy
was obtained for the index >2 c¢cm (83.19%). In
a similar study conducted by Godoy et al. (5),
the sensitivity and specificity of seven
circumferential measurement points along with
volumetric measurements were investigated.
The results showed the highest sensitivity
(90%) and accuracy (77.8%) for the volumetric
cutoff point of >200 mL with a circumferential
measurement of >2 cm and the highest
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specificity  (78.3%) for a  volume-
circumference difference of >10%. In a study
by Dylke et al. (6), with the inclusion of
individuals with a definite diagnosis of
lymphedema in the analysis, circumferential
indices of >2 cm and >5 cm and volumetric
indices of >10% and >200 mL had sensitivities
of 96% to 100% and specificities of 77% to
85% compared to lymphoscintigraphy.
However, with the exclusion of individuals
with lymphedema, the highest sensitivity
(56%) and specificity (100%) were obtained at
the cutoff point of >2 cm.

Since new protocols for  controlling
lymphedema emphasize early prevention and
diagnosis, any index that can identify more
positive cases or has a higher sensitivity is
valuable. Therefore, the index >2 cm appears
to be more suitable, although its specificity is
lower than other indices. However, given that
the negative predictive value of this index was
higher than others (75.25%), it is expected that
fewer false positives will be identified.
Nevertheless, for the use of any of these
methods and indices, the health priorities and
resources of lymphedema care centers need to
be considered.

The results of the R2 coefficient ranging from
0.213 to 0.296 indicate a relatively low
contribution of circumferential measurements
in estimating actual limb volume. In other
words, other factors in addition to
circumferential measurements should be
included in the regression equation for limb
volume estimation in order to confirm the
presence of edema with higher power.

To estimate the extent to which limb volume
can be predicted by circumferential
measurements, the independent role of each
circumferential indicator was investigated in
regression analysis in relation to edema
volume. Given that in most studies, a volume
index >200 milliliters has been used to
determine lymphedema (2), the relationship
between the diagnostic thresholds of
circumferential measurements and this index
was also examined in our study. The results
showed that  various circumferential
measurements explained between 21% to
about 30% of the factors related to edema

volume. In one study, the conventional
diagnostic  thresholds  for  lymphedema
diagnosis were compared with

lymphoscintigraphy. Edema volume and
circumferential measurements were calculated
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using bioelectrical impedance spectroscopy
and perimetry. The results of data analysis
from all patients, including those with definite
lymphedema diagnosis, showed that the
diagnostic thresholds for volume >200
milliliters (Pearson X2=40.5), >10% (Pearson
X2=38.8), and circumferential thresholds >2
centimeters (Pearson X2=6.52) and >5
centimeters (Pearson X2=37.3), were more
accurate than lymphoscintigraphy. After
excluding individuals with lymphedema, the
diagnostic thresholds were less accurate than
the reference method (6). Considering the
results of this study, which indicate a low
correlation between different indicators, it
appears that about 70% of the actual volume of
edema is influenced by other factors that have
not been considered in circumferential
measurements. For example, Tewari et al. (7)
conducted a study on 87 breast cancer patients
and found a significant correlation between
circumferential and volume measurements
(r=0.92, CI:95%; 0.89-0.94), which changed to
0.94 in overweight individuals and 0.79 in
obese individuals when BMI was taken into
account. Additionally, the intensity and
volume of lymphedema can be affected by
dominant and non-dominant hand (8).
Therefore, it seems necessary to consider
various other factors, such as limb length,
height, weight, edematous tissue type, fibrosis,
dominant hand being involved, and many other
unknown variables, in order to estimate limb
volume using circumferential measurements.
Perhaps specialized modeling methodologies
can introduce a suitable model for estimating
edema volume with a higher accuracy based on
the influential factors on edema. This issue
will be of significant importance in health
planning for controlling lymphedema and
studying the effectiveness of various
therapeutic interventions.

Conclusion

Considering the volume cut-off point of >200
milliliters as the standard volumetric index, the
highest sensitivity and accuracy were associated
with the circumferential measurement indicator of
>2 centimeters. However, under the best
conditions, only about 30% of the actual limb
volume was estimated by these circumferential
indicators in relation to the volumetric index of
>200 milliliters, indicating the influence of factors

other than limb circumference that should be

investigated in future researches.
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