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Abstract 

Since luteal vascularization plays a decisive role for the function of the corpus luteum (CL), 

the investigation of luteal blood flow (LBF) might give valuable information about the 

physiology and patho-physiology of the CL. To quantify LBF, usually Power mode color 

Doppler ultrasonography is used. This method detects the number of red blood cells moving 

through the vessels and shows them as color pixels on the B-mode image of the CL. The area 

of color pixels is measured with computer-assisted image analysis software and is used as a 

semiquantitative parameter for the assessment of LBF. Although Power mode is superior for 

the evaluation of LBF compared to conventional color Doppler ultrasonography, which 

detects the velocity of blood cells, it is still not sufficiently sensitive to detect the blood flow 

in the small vessels in the center of the bovine CL. Therefore, blood flow can only be 

measured in the bigger luteal vessels in the outer edge of the CL. Color Doppler 

ultrasonographic studies of the bovine estrous cycle have shown that plasma progesterone 

(P4) concentration can be more reliably predicted by LBF than by luteal size (LS), especially 

during the CL regression. During the midluteal phase, cows with low P4 level showed smaller 

CL, but LBF, related to LS, did not differ between cows with low and high P4 levels. In 

contrast to non-pregnant cows, a significant rise in LBF was observed three weeks after 

insemination in pregnant cows. However, LBF was not useful for an early pregnancy 

diagnosis due to high LBF variation among cows. When the effects of an acute systemic 

inflammation and exogenous hormones on the CL are examined, the LBF determination is 

more sensitive than LS assessment. In conclusion, color Doppler ultrasonography of the 

bovine CL provides additional information on luteal function compared to measurements of 

LS and plasma P4, but its value as a parameter concerning assessment of fertility in cows has 

to be clarified. 
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Introduction 

The integration of B-mode ultrasonography in bovine reproductive medicine more than 30 

years ago allowed for the non-invasive evaluation of the morphology of the corpus luteum 

(CL) in cattle [1]. However, luteal function could be reliably assessed only by the additional 

determination of plasma progesterone (P4) concentration [2]. During the last 15 years, color 

Doppler ultrasonography has gained increasing influence in bovine reproduction and proved 

suitable to replace the highly invasive methods of blood flow measurement [3]. Several 

studies were conducted to test the benefits of this new diagnostic tool with respect to the 

evaluation of luteal blood flow (LBF). Therefore, cycle-associated changes of LBF, changes 

during early pregnancy, and alterations of LBF in response to hormonal treatments as well as 

systemic inflammatory conditions were determined. The present paper reviews some of the 

studies that provided valuable information regarding blood flow in the bovine CL and led to a 

better understanding of luteal development and function. 

 

1. Measurement of luteal blood flow with color Doppler ultrasonography 

The Doppler method described for human medicine by Miyazaki et al. [4] was used to 

quantify LBF in cows. Conventional Doppler ultrasound, like continuous-wave Doppler and 

pulsed-wave Doppler, is applicable to measure high blood flow velocities. Since blood vessels 

of the CL have a very low blood flow velocity, Power mode ultrasonography, an advanced 

method of color Doppler ultrasonography that detects the number of red blood cells moving 

through the vessel per time unit and shows them as colored pixels, is advantageous for LBF 

measurement [5]. The blood vessel supplying the CL splits into vessels that go around the CL 

(Fig. 1); therefore, blood flow appears as a colored circle around the CL. Although Power 

mode is superior for the evaluation of LBF, it is not sensitive enough to detect the blood flow 

of very small vessels in the center of the bovine CL. The area of colored pixels seen on the B-

mode image in Power mode (encircled in Fig. 1) is measured with computer-assisted image 

analysis software (e.g., PixelFlux Version 1.0; Chameleon Software, Leipzig, Germany) and 

is used for the semiquantitative assessment of LBF. This method has high intra-observer 

reproducibility. The intra-class correlation coefficient for measurements of three images 

recorded during the same examination period was 0.90 [6]. Color Doppler ultrasonography, 

therefore, seems to be a precise, non-invasive and reproducible method to evaluate the blood 

flow of the bovine CL. 

 

 



2. Cycle-associated changes in luteal blood flow 

In a recent study [7], changes in bovine LBF were determined during the whole estrous cycle 

by Power mode ultrasonography and were compared with the morphological changes of the 

CL (luteal size, LS) recorded by B-mode ultrasonography as well as with alterations in plasma 

P4 concentration (Fig. 2). The correlation between LBF and P4 during the estrous cycle was 

higher than correlations between cyclic changes in the size of the cross-sectional area of the 

CL (LS) and LBF or between changes in LS and P4. The close relationship between LBF and 

P4 seems reasonable since steroid precursors are provided to the CL via luteal blood vessels 

[8] and the release of P4 into the circulation is also dependent on adequate LBF [9]. 

During the mid-luteal phase (Day 9-12), the relationships between luteal volume (LV) 

and luteal as well as plasma P4 concentrations were investigated by Lüttgenau et al. [10; 

Fig. 3]. A moderate positive correlation between the LV and plasma P4 (r = 0.43, P < 0.05) 

and a high positive correlation between LV and luteal P4 (r = 0.70, P < 0.05) were found in 

the study. Vasconcelos et al. [11] also observed that lower LV was associated with lower 

blood P4 concentration. Therefore, the quantity of luteal cells seems to be decisive for the 

amount of P4 produced by the bovine CL. In contrast, recent studies reported either no 

significant correlation [10] or a moderate positive correlation [7] between LBF and plasma 

P4. Since LBF and plasma P4 were both closely related to the size of the CL, positive 

correlations between LBF and P4 might result from LS instead from LBF. Therefore, relative 

LBF (rLBF; quotient of LBF and LS) was used to exclude the influence of LS on LBF [10]. 

There was no correlation between rLBF and plasma P4, indicating that the assessment of P4 

secretion by means of blood flow is not possible in the CL of the mid-luteal phase. 

Later in the mid-luteal phase (from Day 12 onwards), LBF and P4 continued to 

increase, whereas LS remained constant [7]. In a histological study of Lei et al. [12], an 

increase in the vascular space by 25% between Days 6 and 12 was observed, whereas the 

space of endothelial and smooth muscle cells decreased by 15%. Therefore, the observed 

increase in LBF probably resulted from vasodilatation, instead of further vascularization. 

Shirasuna et al. [13] reported an increase in LBF on Days 17 and 18 post ovulation. 

An analogous increase in LBF could also be observed 30 min after PGF2α administration on 

Days 10 to 12, but not on Day 4 post ovulation [9]. These findings suggest that an increase in 

blood flow of the CL is important for luteolysis [9] and exclude vasoconstriction as the 

primary cause of luteolysis [14]. Following the initial increase in LBF, there was a decrease in 

LBF one day later, in parallel with a decrease in P4 [13], and followed by a decrease in luteal 

size 2 to 3 days afterwards [7]. A severe reduction of luteal cells during luteolysis explains the 



abrupt decline in P4 during the late luteal phase [2]. Nevertheless, the decrease in LBF seems 

to trigger a faster-acting effect on P4 concentration than the regression of luteal tissue. 

In a new study [15], luteal development during the estrous cycle of cattle was 

characterized using three-dimensional (3D) ultrasonography. Volume of the CL was 

visualized in 3D B-mode, and 3D Power Doppler mode was used for measurements of LBF 

indices (vascularization index, percentage of vascularized relative to overall volume; flow 

index, amount of blood flow through the vessels of interest; and vascularization flow index, 

incorporating both indices in one single parameter). Whereas a poor relationship between 

LBF and P4 was observed during the early to mid-luteal phase (during 8 days after the first 

follicle wave emergence), a strong positive relationship was observed between LBF indices 

and P4 in the late luteal phase (5 days before ovulation). These results were consistent with 

the findings in studies using conventional two-dimensional ultrasonography. In conclusion, 

cyclic changes were detected not only in luteal size and P4 secretion, but also in blood flow of 

the CL. Whereas during the mid-luteal phase, plasma P4 correlates only with LS but not with 

LBF, the functionality of the CL during the regression phase can be better evaluated by LBF 

than LS, because LS does not decline as rapidly as LBF and P4. 

 

3. Changes of luteal blood flow during early pregnancy 

To examine LBF in bred and non-bred cows between Days 3 and 18 after estrus [16; Fig. 4], 

artificially inseminated cows were retrospectively classified as pregnant (embryo with heart 

beat on Day 25), non-pregnant (interestrus interval 15-21 days) or having an apparent 

embryonic loss (interestrus interval more than 25 days). In this study, the increase in LBF 

after artificial insemination (AI) was significantly higher on Day 15 in pregnant cows than in 

non-pregnant and non-bred cows (Fig. 4a). In a recent study [17], the first significantly higher 

value of LBF in pregnant cows compared with those with early embryonic loss occurred 

19 days after estrus. Days 15-17 after AI are critical for the establishment of pregnancy in 

cattle [18]. During this time a viable embryo produces interferon (IFN)-τ that inhibits uterine 

secretion of PGF2α and consequently prevents luteal regression and maintains pregnancy [19]. 

Luteal regression in non-bred and non-pregnant cows was manifested by a significant 

reduction of LBF, LS and plasma P4 on Day 18 [16]. In previous studies [1,20], smaller LS 

and lower plasma P4 in non-bred as well as non-pregnant heifers compared to pregnant 

heifers were consistently observed on Days 19 and 17, respectively. The differences in LBF 

between pregnant and non-bred or non-pregnant cows from Day 15 onwards reflect the 

different physiological requirements of the CLs of pregnant and cyclic cows. 



Due to the initiation of luteal regression, the CL size was significantly smaller on 

Day 18 in non-bred cows compared to pregnant cows, non-pregnant cows and cows with an 

apparent embryonic loss [16; Fig. 4b]. Since the interovulatory interval in cows was not 

affected if the embryo was lost before Day 16 [21], the high LS on Day 18 in cows with 

embryonic loss in the study of Herzog et al. [16] indicates that the embryos were lost after 

Day 16. Interestingly, the LBF of cows with embryonic loss was similar to that of pregnant 

cows until Day 13 after estrus and did not increase thereafter, whereas the LBF of pregnant 

cows increased further probably due to the signaling of the conceptus [16]. In contrast, plasma 

P4 concentrations did not differ between pregnant cows and those with embryonic loss during 

the whole study period, indicating that LBF might be a more sensitive parameter regarding 

embryonic loss than plasma P4 (Fig. 4c). 

The advantage of using LBF in the diagnosis of early pregnancy is controversial. 

Previous studies [22,23,24] used B-mode ultrasonography for pregnancy diagnosis as early as 

on Day 18 after ovulation, but diagnosis accuracy before Day 25 after insemination ranged 

from low [23,25] to high [22]. The low accuracy resulted mainly from the inability to identify 

the embryo that was lying close to the uterine wall during the early stage of pregnancy and 

from difficulties in discerning the embryonic vesicle from estrus-derived mucus [23,25]. 

Furthermore, using B-mode ultrasonography does not allow a valid pregnancy diagnosis 

during the first three weeks of pregnancy due to the fact that the functional regression of the 

CL precedes the morphological regression. Since LBF reflects the functionality of the CL, 

especially at the end of the estrous cycle [7,26], using color Doppler ultrasonography might 

improve the diagnosis of early pregnancy on  Days 19-21 after insemination [27]. In a 

previous study [17], LBF was found to be more suitable for identifying non-pregnant than 

pregnant cows because the non-pregnant animals showed a decrease in LBF associated with 

luteal regression. However, in this study, the measurement of LBF alone did not prove to be a 

reliable diagnostic tool for early pregnancy diagnosis in bovine embryo transfer recipients due 

to insufficient sensitivity and specifity. Furthermore, the high variations of LBF in cattle [16] 

make it difficult to define a cut-off value that would allow to reliably distinguish between 

pregnant and non-pregnant cows. It can be concluded that LBF in pregnant cows is higher 

than in non-pregnant cows, but its measurement does not provide a reliable method of 

pregnancy diagnosis due to the high variability among cows. 

 

 

 



4. Changes of luteal blood flow as a result of hormonal treatments 

Plasma P4 concentration and LBF were determined in order to investigate the effects of 

hormonal treatments on luteal function. In a recent study [28], the influence of a shortened 

preovulatory follicular phase on the functionality of the subsequent CL was examined. Cows 

were subjected to an ovulation synchronization (Ovsynch) protocol. This protocol included 

gonadotropin-releasing hormone (GnRH; buserelin) treatment (10 µg) followed by 

prostaglandin F2α (PGF2α; cloprostenol) treatment (150 µg) 7 days later and second GnRH 

treatment (10 µg) 40-60 hours after the PGF2α administration. The luteal size, blood flow and 

plasma P4 level were measured on Day 7 after ovulation (Day 0). Luteal size and plasma P4 

level were not affected by the length of the preovulatory follicle phase, but a shortened 

follicular phase resulted in a decreased LBF. 

In another study [29], ovulation was induced with GnRH or human chorionic 

gonadotropin (hCG) given on Day 0 (estrus, 48 hours after application of PGF2α) to 

investigate the size and function of the CL on Days 9 and 12 after ovulation. The induction of 

ovulation with GnRH or hCG did not result in different plasma P4, LS or LBF. Luteal blood 

flow and P4 synthesis were also examined in cows injected with hCG six days after ovulation 

[30]. Measurements were performed immediately before and one, three, six, 12, 24 and 48 

hours after the treatment. Whereas LBF was only transiently elevated one hour after hCG 

injection, plasma P4 showed a long-term increase (48 hours). These results suggest that 

hormonal treatments differently affect LBF and luteal secretion. To prove this hypothesis, 

however, P4 concentration should be also determined in luteal tissue to reduce the possible 

influence of P4 metabolism. 

The sufficient secretory function of the CL is of particular interest during pregnancy. 

The effects of P4 (PRID; progesterone releasing intravaginal device for 14 days beginning on 

Day 5 post AI) or GnRH (single injection on Day 5 post AI) on luteal function were examined 

in dairy cows [31]. Whereas GnRH increased plasma P4 on Day 12 post AI, the PRID 

reduced LBF on Days 7 to 12 post AI. This may explain why pregnancy rates were not 

improved after an exogenous application of P4 [32,33,34].  

Luteal blood flow was also determined as an effect of prostaglandin F2α (PGF2α) 

treatment [35-37]. A remarkable difference was found between the early CL (Day 3; Day 0 

= ovulation) and the mid-luteal CL (Day 10) [36]. Plasma P4 was measured on Days 3 and 10 

at 0, 2, 5, 10, 15, 30, 60, and 120 min after the PGF2α treatment, and LBF was determined at 

0, 10, and 30 min after the treatment. An increase in P4 with a peak at 15 min was found in 

the early as well as mature CL, but only on Day 10 P4 concentration was significantly higher 



(10 and 15 min after the PGF2α treatment) in treated compared to untreated cows. Afterwards, 

P4 decreased to (Day 3) or below (Day 10) the pre-treatment concentrations within 60 min 

after the PGF2α treatment. These observations were consistent with the luteolytic response of 

the midluteal CL to PGF2α [9]. Interestingly, LBF increased significantly between 0 and 

10 min after the PGF2α treatment on Days 3 and 10 and remained elevated until 30 min after 

the treatment. In a subsequent experiment [37], the effects of an intrauterine application of 

PGF2α, administered with or without acyline (GnRH receptor antagonist) were examined on 

Day 14 post ovulation in heifers. Plasma P4 concentration decreased significantly between 

45-90 min after the beginning of the PGF2α infusion (without acyline), and then increased 

between 135-150 min to the initial values. Due to inhibition of luteinizing hormone (LH) 

secretion, progesterone decreased significantly between 15 and 30 min as well as 45 and 120 

min after the start of the PGF2α/acyline infusion, and then increased between 135 and 180 min 

without reaching the initial concentration. Luteal blood flow increased in heifers after the 

PGF2α or PGF2α/acyline treatment, but only in the PGF2α group, LBF remained elevated for 

approximately 2 h after the PGFM peak (120 min) [37]. In this study, the close interaction 

between LBF and P4 became particularly apparent. 

The influence of PGF2α on LBF was also investigated during spontaneous and PGF2α-

induced luteolysis [35]. It was found that PGF2α caused vasodilation and increased LBF in the 

periphery of the mature CL. Since endothelial nitric oxide synthase (eNOS) expression was 

stimulated by PGF2α in parallel to vasodilation, this experiment helped to identify nitric oxide 

(NO) as the main mediator of increased blood flow in the bovine CL. In conclusion, LBF is 

suitable to investigate the effects of different hormonal treatments on luteal function. 

However, alterations in plasma P4 concentrations cannot be inferred directly from changes in 

LBF. 

 

5. Changes of luteal blood flow as a result of systemic inflammation 

Until recently, reduced fertility in cows with inflammatory diseases was explained mainly by 

endotoxin-induced PGF2α production in the endometrium and subsequent regression of the CL 

[38-40]. Although it is known that cows with severe uterine inflammation have smaller CL 

and produce less P4, direct effects of lipopolysaccharide (LPS, the endotoxin of Gram 

negative bacteria) were only related to the hypothalamus and pituitary functions as well as to 

granulosal stroidogenesis [40]. LPS suppressed the hypothalamus and pituitary release of 

GnRH and LH, respectively, consequently diminishing the probability of ovulation of the 

dominant follicle. In addition, aromatase expression and estradiol secretion by granulosa cells 



were reduced as the cells express the LPS receptor. However, recently the effects of a 

systemic inflammation induced with Escherichia coli LPS on morphology and function of the 

bovine CL were examined [41]. In this study, cows were intravenously treated either with 

0.5 µg/kg LPS or saline on Day 10 after ovulation. Lipopolysaccharide, but not saline, 

transiently (48-72 hours) decreased P4, LS and LBF. In contrast to the increase of LBF in 

response to spontaneous or PGF2α-induced luteolysis [35,42], LBF decreased immediately 

after the LPS infusion. It was assumed that the centralization of blood due to severe 

septicemia after the LPS treatment was responsible for the immediate decrease in LBF. New 

findings
1
 suggest a direct effect of LPS on the bovine CL, since local treatment with LPS in 

the mammary gland did not reduce LBF, but evoked severe clinical symptoms that were 

comparable to a systemic LPS treatment. Although plasma P4 decreased in compliance with 

reduced LBF after systemic LPS administration [41], there was an initial, transient rise in P4 

concentration. Increased P4 concentration in response to LPS were already reported 

[43,44,45] and believed to derive from the adrenal glands because a similar increase in P4 

following endotoxin exposure was also observed in ovariectomized heifers [46]. 

 

6. Conclusions 

Evaluation of luteal blood flow by using color Doppler ultrasonography may provide valuable 

information concerning the stage of the estrous cycle, the maintenance of pregnancy and the 

effects of exogenous hormones and systemic inflammation on the bovine CL. Although 

assessment of plasma P4 concentration is still considered to provide the most reliable 

information on luteal function, plasma P4 is also dependent on the extent of hepatic steroid 

metabolism and therefore does not necessarily reflect P4 synthesis in the luteal tissue. To get 

reliable data on the CL morphology and functionality, it is advisable to determine, in addition 

to LBF, luteal size and plasma P4 concentration. Taking into account all the three parameters 

enables an appropriate evaluation of bovine luteal function and the related reproductive 

performance. 

                                                           
1
 Lüttgenau J, Wellnitz O, Zbinden C, Bruckmaier R, Bollwein H. Lipopolysaccharides in the mammary gland do 

not suppress luteal function in lactating dairy cows. Reproductive Biology 2013;13(Suppl. 2):53. 



Figure captions 

Figure 1. Ultrasound image of bovine corpus luteum (CL) of Day 9 of the estrous cycle 

obtained by Power Doppler mode. The blood vessel supplying the CL before the vessel 

divides into vessels enveloping the CL is also visible (arrow). 

 

Figure 2. Diameter of the corpus luteum (expressing luteal size), plasma progesterone 

concentration, and number of colored pixels (expressing luteal blood flow; mean ± SD) 

during the bovine estrous cycle. The results were obtained from two estrous cycles of four 

cows. The dependent pairwise comparisons between the successive time points of the estrous 

cycle were done with the Student’s t-test. Values with letters (a, b, c) differ from those of the 

previous measurement of the same parameter (P < 0.05). Modified from Herzog and Bollwein 

(2007) [47], with permission from Elsevier. 

 

Figure 3. The positive correlations (p < 0.05) between volume of the corpus luteum (CL) and 

plasma progesterone (P4) or luteal P4 concentrations in lactating dairy cows during the mid-

luteal phase (Days 9 to 12). For more details please see the text of the MS. 

 

Figure 4. The area of colored pixels (expressing luteal blood flow; a), the cross-sectional area 

of luteal tissue (expressing CL size; b) and plasma progesterone concentrations (c; mean ± 

SEM) in artificially inseminated dairy cows on Days 3-18 (Day 0 = estrus). The independent 

pairwise comparisons (between groups) were done with the Bonferroni test. Different letters 

indicate differences (P < 0.05) among groups within a day. * On Day 15, LBF was higher (P ≤ 

0.05) in pregnant (n=18) than non-pregnant (n=18) and non-bred cows (n=14); however, LBF 

in cows with apparent embryonic loss (n=4) did not differ (P > 0.05) from those of other 

groups. Adapted from Herzog et al. (2011) [16], with permission from Elsevier. 
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