
Introduction

During pregnancy and breastfeeding, breasts undergo im-

portant physiological changes that are not fully known, but

attributed to hormonal alterations that lead to vascular and

lobular hyperplasia [1]. Increased serum estradiol, proges-

terone, and prolactin levels are primarily responsible for

these changes, which occur in the first trimester of preg-

nancy [2].

The influence of estrogen in the first trimester results in

the proliferation and branching of the ductal system, along

with lobuloalveolar growth (mammogenesis), accompanied

by an increase in vascularization and blood flow, as well as

involution of fibro-fatty stroma [2, 3]. As pregnancy pro-

gresses, lobuloalveolar and ductal differentiation occurs

[4], whereas progesterone induces continuous involution of

fibro-fatty stroma [2, 4].

The action of prolactin, responsible for stimulating lac-

togenesis and galactopoiesis, is inhibited by high levels of

estrogen and progesterone during pregnancy, which im-

pedes full milk production. At the end of pregnancy,

colostrum production increases in the alveolar cells [2, 3].

After delivery, lactation is stimulated and maintained by

the end of hormone actions antagonistic to prolactin [2],

via the continuous release of this hormone and oxytocin

during nipple sucking [2, 3].

It is believed that mammary blood flow doubles during

pregnancy [5]and is processed primarily by the branches of

the internal mammary arteries (IMA) and the lateral tho-

racic artery (LTA), which supply 60-70% and 30% of mam-

mary blood flow, respectively [5, 6]. However, the

relationship between blood flow and milk production is not

well understood, given that some animal studies show a

positive correlation and others do not [5]. In humans there

is insufficient data to establish this association [5, 7].

The physiological changes determined by pregnancy,

such as an increase in volume, swelling, and hypernodu-

larity [7], may hinder the diagnosis of some diseases such

as cancer [4, 8, 9].

For an accurate diagnosis, imaging methods are indis-

pensable in most breast diseases. Ultrasonography [7, 8,

10-14] has a sensitivity between 86.7% and 100% [4, 15],

higher than the other methods [14] and, along with MRI

[13], is the most appropriate to assess breast changes dur-

ing pregnancy and lactation [13]. Although these methods

do not increase the risk of fetal damage, it is recommended

they be used with caution [13].

Despite the importance of the issue, the number of stud-
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Summary

Purpose of Investigation: To assess the ultrasound aspects of breasts and laser Doppler flow measurements of the internal mammary

arteries (IMA) in pregnant, lactating, and non-pregnant (control) women. Materials and Methods: A cross-sectional observation study

of 102 women, divided into three groups: control (CG), third trimester (G3), and lactation group (LG). The study variables were skin,

subcutaneous adipose tissue, fibroglandular tissue, retromammary adipose tissue thickness, duct diameter, and pulsatility (PI) and re-

sistance indices (RI) of the internal mammary arteries. Statistical analysis calculated the means and standard deviations, using two mod-

els Multivariate Analysis of Variance (MANOVA) models to assess the effect of groups on the mean values found and adjusted ANOVA

models for individual means. The Tukey-Kramer multiple comparisons test was used to analyze intergroup. Results: There was no in-

tergroup age difference (mean = 27 ± 4.76 years). A significant difference was observed between the G3/LG and the CG in terms of skin

(p = 0.001), fibroglandular tissue thickness, duct diameter, and laser Doppler flow measurements of the IMA (all three with p < 0.001)

and subcutaneous adipose tissue (p = 0.045). Conclusion: This study showed alterations in skin, subcutaneous adipose tissue, fibrog-

landular tissue, and duct diameter measurements, with a difference between pregnant/lactating women and the non-pregnant controls.
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ies on physiological breast changes during the pregnancy-

postpartum cycle remains scarce [6, 16] and the results are

inconsistent [10]. Moreover, studies on breasts during the

pregnancy-postpartum cycle almost always focus on con-

comitant diseases [2, 4, 9, 17].

As described above, pregnancy and lactation determine

the physiological and functional changes in breasts. Ac-

cordingly, the aim of this study was to assess breast ultra-

sound characteristics and laser Doppler flow measurements

of the internal mammary arteries (IMA) in pregnant, breast-

feeding, and non-pregnant women using breast ultra-

sonography and laser Doppler flow measurements of the

internal mammary arteries.

Materials and Methods

This is a cross-sectional observational study conducted between

August 2013 and August 2016. The study was approved by the

Ethics Committee of the Federal University of Rio Grande do

Norte (UFRN) under number 369.467 – CAAE: 17598813.4.

0000.5292. All the participants gave their informed consent.

The study subjects were divided into three groups: control

group (CG), composed of non-pregnant women, third trimester

group (G3), and lactation group (LG). Included in the study were

clinically normal women, aged between 19 and 35 years. The CG

were in the middle follicular phase (7

th

day of the menstrual

cycle), the G3 in the third trimester of pregnancy, and the LG be-

tween the 10

th

and 60

th

day of lactation. Excluded were those with

breast, endocrine, liver, kidney, or cardiovascular diseases, in ad-

dition to obese individuals and those who had undergone previous

breast surgery. In the control (CG) and lactation (LG) groups,

women who were taking hormonal medicine were also excluded.

The exclusion of obese individuals was based on a body mass

index (BMI > 30), but for the third trimester pregnant women

(G3) this diagnosis was based on the table proposed by Atalah

Sammur et al. [18].

The control (CG), third trimester (G3), and lactation (LG)

groups are the independent variables. The measures of skin, sub-

cutaneous adipose tissue, fibroglandular tissue, retromammary

adipose tissue, duct diameter, as well as pulsatility index (PI) and

resistance index (RI) of the internal mammary arteries (IMA),

were considered dependent variables.

The women were submitted to breast ultrasonography and laser

Doppler flow measurements of the internal mammary arteries by

the same examiner, with a LOGIQ ultrasound machine in two-di-

mensional mode, using a linear probe at a frequency of 7- to 10-

MHz, and adjusting the configurations to optimize the image and

laser Doppler spectrum. The examination occurred at constant am-

bient temperature of 25
℃,

with the woman in dorsal decubitus

and hands behind her head, and the breasts examined from the

parasternal line to the middle axillary line and from the clavicle to

the inflammatory sulcus in the transverse, longitudinal, radial

(transducer in a clockwise transverse and oblique cut) and antira-

dial planes (transducer in a counterclockwise transverse and

oblique cut), as recommended in the literature [19]. The measures

were taken in a longitudinal cut, using the average of three meas-

urements in the upper quadrants and avoiding the inclusion of seg-

ments containing intermingled fat in the measure of fibroglandular

tissue.

In this study, only the internal mammary arteries (IMA) were

investigated since the lateral thoracic arteries (LTA) were absent

in 18% of the women [17]. Internal mammary arteries (IMA) were

identified based on a documented technique, positioning the trans-

ducer in the transverse plane, from the sternum, between the sec-

ond and sixth intercostal spaces [16]. The lactating women were

examined before breastfeeding or mammary expression, as rec-

ommended in the literature [4]. To test the reproducibility of the

technique after assessment, 32 women were re-evaluated on the

same day. Only the right breast was studied because literature data

showed no significant differences between the breasts of a same

woman, assessed at the same time [15, 19].

The statistical software program used was SPSS version 18. In

statistical analysis, the results were presented as mean and stan-

dard deviation. To assess the effects of the groups (CG, G3, and

LG) on the dependent variables (measures of breast tissues, duct

diameter and PI and RI), MANOVA (Wilks’ test) models were ad-

justed. Next, univariate ANOVA models were used for each de-

pendent variable, given the differences between profiles. The

Tukey-Kramer multiple comparisons test was applied when there

was an intergroup difference in order to characterize each group.

A 5% significance level was set for all the tests.

Results

A total of 102 women took part in the study: CG (n = 39),

G3 (n = 30), and LG (n = 33).
The mean age of the groups

was 28.095 ± 4.93 (CG), 25.83 ± 4.79 (G3), and 26.030 ±

4.62 (LG) years, with an overall average of 27 ± 4.76 years.

Of these, 32.7% were nulliparous.

Data analysis showed a significant difference between

the groups (G3, LG, and CG) in relation to measures of skin

and fibroglandular tissue thickness and duct diameter (p <

0.001), as well as subcutaneous adipose tissue thickness (p
= 0.045) (Table 1). However, there was no significant dif-

ference between the three groups with respect to retro-

mammary adipose tissue (Table 1).

The mean skin thickness was higher in the LG, followed

by the G3 and CG. There was a significant difference be-

tween the CG and the other two groups, but not between

the G3 and LG (Figure 1). By contrast, analysis of subcu-

taneous adipose tissue revealed that LG measurements

were lower than those in the G3 (Figure 2). These differ-

ences were significant when the CG was compared with the

other two groups, which, in turn, exhibited no significant

intergroup differences.

With respect to measures of fibroglandular tissue (Fig-

ure 2) and duct diameter (Figure 1), it was found that the

LG displayed higher values than those of the G3, which, in

turn, were higher than those of the CG. The G3 and LG

showed no significant intergroup differences, but were sig-

nificantly different from the CG. Data analysis showed a

significant difference between the groups (G3, LG and CG)

in relation to measures of PI and RI (p < 0.001) (Table 2).

The laser Doppler flow index was higher in the CG group

when compared to the G3 and LG groups, however there

was no difference between the latter groups (Figure 3).
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Discussion

Ultrasound assessment of the breasts during pregnancy

and lactation is a challenge for the doctor, largely due to

the several physiological changes that make the examina-

tion more difficult, hindering a suitable interpretation of the

findings [1, 2, 4] and possibly delaying the diagnosis of

cancer [2].

Ultrasonography was used in the present investigation

because it allows the study of small structures, such as the

ductal and lobular system [5, 18]. There is also a need to

better understand the characteristics of the image in the

pregnancy-postpartum cycle [11, 20-22], as a way to facil-

itate diagnoses and establish an adequate approach for pa-

tients [4].

The composition of breast tissues has been the focus of

a number of studies and recent data show that the amount

of fibroglandular tissue in young women is influenced by

prenatal factors, which may increase breast density and the

risk of cancer in adulthood [23]. During pregnancy, these

Table 1. — Mean and standard deviation of the tissue thickness according to the groups.
Groups Skin Subcutaneous fat Fibroglandular Ducts Retromammary fat

N Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation

CG 39 0.145 0.035 0.597 0.212 0.978 0.297 0.152 0.038 0.418 0.139

G3 30 0.171 0.028 0.716 0.273 1.473 0.338 0.294 0.045 0.443 0.113

LG 33 0.172 0.040 0.578 0.224 1.554 0.370 0.309 0.053 0.429 0.134

p-value

*

0.001 0.045 < 0.001 < 0.001 0.741

*One Way ANOVA Test - comparing the means between groups.

Figure 1. — Means and confidence intervals of skin and duct

thickness.

Figure 2. — Means and confidence intervals of subcutaneous, fi-

broglandular, and retromammary fat thicknesses.

Figure 3. — Mean and confidence intervals of PI and RI accord-

ing to group.

Table 2. — Mean and standard deviation of the hermodyna-
mic indices of internal mammary arteries according to
group.
Groups N PI RI

Mean Std. deviation Mean Std. deviation

Control (CG) 37 2.348 0.559 0.862 0.065

Third trimester (G3) 30 1.358 0.477 0.684 0.144

Lactation (LG) 33 1.51 0.411 0.72 0.099

p-value < 0.001 < 0.001
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tissues undergo physiological changes to the detriment of

endocrine, metabolic, and immunological diagnosis [20],

increasing density and hindering diagnosis of the disease

[4, 9].

With respect to skin, the literature reports that a number

of changes occur, such as swelling, in 90% of pregnant

women [24, 25]. In agreement with the literature, the pres-

ent study revealed that the skin underwent important

changes in the pregnancy-postpartum cycle, in terms of in-

creased thickness.

In relation to subcutaneous adipose tissue, it is believed

that it involutes concomitantly with ductal proliferation and

to a lesser extent with lobular growth, which are determined

by estrogen action in the first trimester [3]. As reported in

the literature, this study found lower measures of subcuta-

neous adipose tissue in the LG compared to the G3. How-

ever, a cross-sectional study with breastfeeding women

revealed significant differences between measures of adi-

pose and fibroglandular tissue when the breasts of a same

woman were compared, a finding also observed between

different women [16].

As occurred in the subcutaneous adipose tissue, there was

also a reduction in the measures of retromammary adipose

tissue in the G3 compared to the LG, but this difference

was not significant, even when compared to the CG. 

In relation to fibroglandular tissue and duct diameter,

higher measures were obtained in the LG than in the G3,

both exhibiting larger values than those of the CG. On

the other hand, the opposite occurred with subcutaneous

adipose tissue. These data agree with the literature,

where it is reported that during pregnancy and lactation,

fibroglandular tissue growth is concomitant with the in-

volution of fibroadipose tissue [6]. This growth intensi-

fies from the second to the third trimester, due to the

influence of progesterone [2, 3], although there are also

reports of earlier occurrence, in the 22

nd

week of preg-

nancy [6]. 

Duct diameter increases in the pregnancy-postpartum

cycle and is higher in lactation than during pregnancy [16],

although non-significant ductal growth has also been ob-

served during this period [6]. In the present study, the di-

ameters recorded were 0.15, 0.29 and 0.30 mm,

respectively, for the CG, G3 and LG, similar to the values

reported in the literature, with a mean of 2.0 ± 0.8 mm [15]. 

The influence of estrogen during the first trimester of

pregnancy results in intensified glandular vascularization

[5], variation in mammary blood flow of different women

[5], but no such variation when a same woman is assessed

in different phases [5]. The number of studies is insufficient

and it remains to be determined whether an increase in

mammary blood flow interferes with lactation, as well as its

percentage growth during pregnancy [5]. Despite the larger

number of animal studies, data on the association with milk

production have not been fully elucidated, since some of

these obtained controversial results [5].

In the present study the PI and RI  indices exhibited

lower values in the G3, compared with the other groups.

Literature data, where three phases of pregnancy were com-

pared, report a decline in these values over pregnancy [19].

However, no studies assessing the pulsatility and resistance

indices of IMA during lactation were found.

The results of the present study made it possible to use

the ultrasound measures of breast tissues and laser Doppler

flow measurements of the internal mammary arteries

(IMA) to characterize the physiological changes in the third

semester of pregnancy and lactation, compared with those

of non-pregnant women.

These findings led the present authors to conclude that

measures of skin, fibroglandular tissue, duct diameter,

and PI and RI of IMA are influenced by the pregnancy-

postpartum cycle, with lower values in the third trimester

of pregnancy when compared to the lactation period.

Measures of subcutaneous adipose tissue, on the other

hand, exhibited opposite behavior, that is, lower lactation

measures than at the end of pregnancy. These data allow

greater understanding of physiological changes in the

third trimester of pregnancy and lactation, serving as

comparison parameters for women in the pregnancy-

postpartum cycle undergoing breast ultrasound.

For clinical applicability of a study using this approach,

it is suggested that the ultrasound and laser Doppler flow

measurement aspects investigated be related to milk pro-

duction in breastfeeding women.
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