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 The aim of this study was to investigate the relationship between mastitis and supra-
mammary lymph nodes in lactating cows in terms of Pulsed-wave (PW) Doppler 
ultrasonographical measurements. A total of 102 head cows in lactation period were divided 
into three groups. The cows in which all mammary lobes were California mastitis test (CMT)-
negative (n = 27) formed the 1st group; those with CMT-positive mammary lobe (n = 43) formed 
the 2nd group and the cows with clinical mastitis in at least one mammary lobe (n = 32) formed 
the 3rd group. In PW Doppler ultrasonography, end-diastolic velocity, systolic peak velocity and 
time-averaged maximum velocity were measured at the most prominent artery of the lymph 
node. A quantitative scaling was performed by determining the pulsatile index and resistance 
index scales based on blood flow parameters. There was no statistically significant difference 
between the study groups in terms of PW Doppler ultrasonographical measurements of supra-
mammary lymph nodes. In conclusion, the use of PW Doppler ultrasonographic data of the 
supra-mammary lymph nodes will not provide useful information about the current condition 
of mastitis in cows. 

 © 2022 Urmia University. All rights reserved. 
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Introduction 
 

Supra-mammary lymph nodes play an important role 
in the immune system of the udder.1,2 Mastitis causes cell 
proliferation (e.g., fibrous connective tissue growth and 
lymphocyte infiltration) and leads to inflammatory 
changes in supra-mammary lymph nodes.2 There are 
previous studies about the usefulness of gray-scale 
ultrasonography to detect morphological changes in 
supra-mammary lymph nodes.2,3 Ultrasonography has 
been used for evaluating mammary health due to its 
advantages including ease of use and being a non-invasive 
method. Different ultrasonographic techniques may be 
used for determining intra-mammary situations (e.g., B 
mod real time, Doppler and M mod). However, there are a 
limited number of publications regarding the use of 
Doppler ultrasonography in the examination of supra-  
 

 mammary lymph nodes. Five different techniques are used 
in Doppler ultrasonography including continuous wave-
form (CW) Doppler, pulsed waveform (PW) Doppler, 
colour Doppler, power Doppler and spectral Doppler or 
duplex scanning.  

This study was carried out to investigate the relation-
ships of PW Doppler ultrasonographic features of supra-
mammary lymph nodes with mastitis in lactating cows.  
 
Materials and Methods 
 

Animals. The animals used in this study were selected 
from 1,000 head animals brought to the Firat University 
Animal Hospital (Elazig, Turkiye, 38° 35' 51.55" N, 39° 16' 
53.28" E) for examination between 01.05.2018 and 01.09. 
2018. A total of 102 head cows with a body weight of 450-
500 kg between 3 - 5 years of age belonging to various  
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breeds were included in the study. The body condition 
scores of the animals ranged between 3.00-3.50 points. 
The supra-mammary lymph node of 28 animals was 
considered avascular because no vascularization was 
observed. The study was approved by the local Ethics 
Committee of the Experimental Animals of Firat 
University, Elazig, Turkiye (2018/87). The animals 
included in the study were divided into three groups as 
follows: Group 1 (n = 27): Consisting of the animals of 
which all mammary lobes were California mastitis test 
(CMT)-negative. The supra-mammary lymph nodes of 
15 animals were avascular; therefore, the measurement 
could not be performed. Group 2 (n = 43): Consisting of 
the animals with at least one CMT-positive mammary 
lobe (CMT +: n = 20, CMT++: n = 13 and CMT+++: n = 
10). The supra-mammary lymph nodes of 6 animals 
were avascular; therefore, the measurement could not 
be performed. Group 3 (n = 32): Clinical mastitis group 
(acute: n = 5, chronic: n = 21 and subacute: n = 6) 
consisted of the cows with mastitis at least in one 
mammary lobe. The supra-mammary lymph nodes of 
seven animals were avascular; therefore, the 
measurement could not be performed.  

For ultrasonographic examination, the animals were 
immobilized as far as possible in the labour setting. The 
animal was adapted to the environment by waiting for 
about ten min. The region of the lymph nodes in the udder 
was washed with soap and water. Doppler application was 
suspended in cases when the animal activity or respiratory 
rate increased during the examination.4 The anatomical 
position of the supra-mammary lymph node was detected 
as described by Bradley et al.2 Under the perineal region of 
the animals and on the dorsal surface of the udder, the B-
mode and colour Doppler modes were activated by a PW 
command via a 2.50-inch convex probe (Mindray DC - T6 
Colour Doppler Ultrasound System; Shenzhen, China). 
After detecting the supra-mammary lymph node, the 
insonation angle was set to 60.00° for colour Doppler and 
PW Doppler examinations. 

Pulsed-wave Doppler ultrasonographic examination. 
This was performed as described by Rişvanli et al.5 End  
 

 diastolic velocity (EDV), systolic peak velocity (SPV) and 
time-averaged maximum velocity (TAMV) were measured 
as Doppler characteristics on the most prominent vessel of 
the lymph nodes. Numerical scaling was performed by 
determining the pulsatile index (PI) and resistance index 
(RI) scales based on the blood flow parameters. To 
perform these measurements, the most prominent vessel 
in the lymph node was chosen. 

California mastitis test. This test was performed as 
described by Seker et al.6 Accordingly, the animals that 
gave positive results to CMT at least in one mammary 
lobe were included in the CMT-positive group 
(measurements were made on the lymph lump of the 
quarters, which was positive for CMT); while, those that 
gave a negative result in all mammary lobes were 
included in the CMT-negative group. 

Statistical analysis. The PI, RI, EDV, SPV and TAMV 
measurements of the most prominent vessels in the 
lymph nodes were compared between the groups. The 
effect of the study groups on the PI, RI, EDV, SPV and 
TAMV values was determined using the one-way analysis 
of variance (ANOVA) test. For the variables with a 
significant variance analysis result, the Duncan post-hoc 
test was used for the multiple group comparisons. The 
Pearson correlation test was used to determine the 
correlation coefficients and the statistical significance 
level between some numerical variables. All statistical 
analyses were performed using the SPSS (version 22.0; 
IBM Corp., Armonk, USA). 

 

Results 

 

There was no statistically significant difference 
between the groups in terms of PW Doppler ultrasono-
graphical measurements of the supra-mammary lymph 
nodes (p > 0.05; Table 1 and Fig. 1). The PI, RI, EDV, SPV 
and TAMV values of supra-mammary lymph nodes in the 
udder lobes with clinical mastitis were determined as 1.75 
± 0.22, 0.17 ± 0.03, 3.82 ± 0.28 (cm sec-1), 5.57 ± 0.24 (cm 
sec-1) and 9.07 ± 1.40 (cm sec-1), respectively. 

 
Table 1. Comparison of the pulsed-wave Doppler ultrasono-graphical measurements of the supra-mammary lymph nodes among the 
groups. Data are presented as mean ± standard error. 

Parameters CMT-negative (n = 12) * CMT-positive (n = 37) ** Clinical mastitis (n = 25) *** 

PI 1.51 ± 0.47 1.75 ± 0.33 1.75 ± 0.22 

RI 0.15 ± 0.01 0.16± 0.01 0.17 ± 0.03 

EDV (cm sec-1) 3.50 ± 0.65 3.33 ± 0.34 3.82 ± 0.28 

SPV (cm sec-1) 5.98 ± 0.32 5.61 ± 0.31 5.57 ± 0.24 

TAMV (cm sec-1) 12.60 ± 2.63 9.23 ± 1.33 9.07 ± 1.40 

EDV: End diastolic velocity; SPV: Systolic peak velocity; TAMV: Time-averaged maximum velocity; CMT: California mastitis test.  
* The supra-mammary lymph nodes of 15 animals were avascular; therefore, the measurement could not be performed. ** The supra-
mammary lymph nodes of six animals were avascular; therefore, the measurement could not be performed. *** The supra-mammary 
lymph nodes of seven animals were avascular; therefore, the measurement could not be performed. No statistical differences were 
observed in each row (p > 0.05). 
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Fig. 1. Pulsed-wave Doppler ultrasonographical image of supra-
mammary lymph nodes in A) clinical mastitis, B) negative 
California mastitis test (CMT), and C) positive CMT.  

 
Discussion  
 

Analysis of the blood flow by Doppler ultrasonography 
is used in veterinary practice to assess the physiological 
and pathological conditions of various organs and tissues 
of animals. However, mostly, the PW Doppler ultrasound 
method is preferred. In this technique, parameters such as 
EDV, SPV, TAMV, PI and RI are used for the evaluation of 
blood flow in organs.7-9 The PW Doppler ultrasonography 
does not provide sufficient information about the blood 
supply in small structures such as lymph nodes, ovaries, 
corpus luteum and tumours.  

 

 On the other hand, ultrasonographic examination of 
the lymph nodes was reported to be highly important in 
terms of prognosis prediction and the decision for 
treatment choice during the evaluation of some tumour 
metastases in dogs, and in line with that colour Doppler 
and PW Doppler ultrasonography could provide useful 
information about the intra-nodal vascular distribution, 
blood flow velocities and vascular resistance in superficial 
lymph nodes.10 

Studies with colour Doppler ultrasonography in 
humans have reported high PI values for malignant lymph 
nodes due to increased peripheral vascular resistance and 
peripheral vascular obstruction.11,12 In general, a high RI 
value in humans is reported to indicate malignancy;13 
however, there are also studies claiming the opposite.14  

In conclusion, in this study, it was found that the use of 
PW Doppler ultrasonographic methods to determine the 
current condition regarding mastitis in cows during the 
lactation period are not useful and also these non-invasive 
methods can provide essential information about the 
intra-nodal structure of the supra-mammary lymph nodes 
in healthy cows and those with clinical mastitis.  
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