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KEY POINTS

e Dairy cows face significant energetic challenges when transitioning from gestation into
lactation.

e Substantial adipose tissue remodeling during energetic challenges causes the liver to be
exceeded its normal function.

e Reduced liver capacity and transition metabolic imbalances have detrimental effects on
the performance, health, and survival of dairy cows.

THE CHALLENGING SHIFT FROM GESTATION TO MILK PRODUCTION

The transition period in dairy cows (3 weeks before and after parturition) is character-
ized by remarkable metabolic and endocrine adjustments, which accompany the
change from late gestation to early lactation. One of the characteristics of this transi-
tion is a reduction in dry matter intake (DMI) while parturition approaches, concomitant
with an increased demand for nutrients to support the initiating lactation. As this spike
in nutritional requirements is followed by a slower incrementation of DMI, cows typi-
cally experience a negative energy balance (NEB) during the peripartum period."

Because energy intake levels do not meet the energy requirements for initiating
lactation, homeorhetic mechanisms trigger fat and labile protein mobilization from
body energy reserves, including deposits of subcutaneous and abdominal fat.>™* As
lipolysis increases, de novo fat synthesis, fatty acid (FA) uptake, and esterification
are reduced in adipose tissue, which results in the oxidation of circulating FA in the
liver and skeletal muscle tissues to incorporate triglycerides (TG) into milk.®

These physiologic imbalances can cause metabolic disorders and immunosuppres-
sion that increase the incidence of infectious diseases, dysregulated inflammatory
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responses,®’ and oxidative stress.® In consequence, milk fever, ketosis, metritis,
mastitis, and left displacement of the abomasum (LDA) are common disorders occur-
ring within the first 2 weeks of lactation.”-° Remarkably, the detrimental impact of pro-
nounced periods of NEB extends beyond the transition period, and cows with
extensive reductions in body condition score (BCS) following parturition have a lower
health status, fertility, and survival throughout the whole lactation.-"2

LIVER PHYSIOLOGY IN DAIRY COWS

In this complex transitional scenario, the liver plays a fundamental role. As a pivotal
organ that regulates energy and protein metabolism, the liver’s capacity to function
is often surpassed, especially in high-producing cows, which can lead to the develop-
ment of a variety of inflammatory or degenerative processes that compromise its inte-
gral functionality.®

The liver carries out many more vital functions, including the production and clear-
ance of bile, the synthesis of several proteins for plasma, and the synthesis of choles-
terol and lipoproteins, such as very-low-density lipoproteins (VLDL) to transport lipids
through the body. With regard to energy, the liver converts excess glucose into
glycogen for storage, and especially important for ruminants, it balances and pro-
duces glucose from propionate, lactate, and specific amino acids. In addition, the liver
participates in the regulation of amino acid levels in the blood, the metabolism of he-
moglobin, the conversion of ammonia to urea, the clearance of pharmacologic prod-
ucts and toxins, and the regulation of coagulation proteins, to name a few.

The Krebs cycle is the major energy-yielding metabolic pathway in the liver. Acetyl co-
A and other intermediary compounds produced by the oxidation of FA, glucose, and
specific amino acids may enter this cycle, producing ATP as an energy source.'*'*

METABOLIC IMBALANCES

The NEB during cows’ transition period is characterized by a reduction in the concen-
tration of blood glucose that is devoted to the synthesis of lactose in the mammary
gland. Consequently, there is a reduction in the release of insulin by the pancreas
and an increase in the synthesis of growth hormone and the release of catechol-
amines, leading to the activation of the hormone-sensitive lipase at the level of adipose
tissue. This triggers lipolysis (TG mobilization) and the release of FA into the blood-
stream in the form of non-esterified fatty acids (NEFA).'®15:16

This process can create a vicious cycle in which the NEB further reduces the levels
of glucose and amino acids in the blood, limiting the gluconeogenic precursors avail-
able to the liver. These imbalances result in shifts in major metabolic precursors and
nutrient partitioning, with NEFA and glycerol from TG mobilization being used as en-
ergy precursors in other tissues.'”

In response to these events, the liver undergoes a large uptake of NEFA that can
either be oxidized (3-oxidation) to acetyl-CoA or be reassembled to TG and accumu-
lated as an energy source by the liver or exported to the circulation in the form of VLDL.
Once the NEFA is oxidized, the acetyl-CoA can either enter the Krebs cycle for com-
plete oxidation or be derived to incomplete oxidation for the synthesis of ketone
bodies (acetone, acetoacetate, and beta hydroxybutyrate).

The liver's uptake of NEFA is relative to FA concentrations in circulation and blood
flow. When TG mobilization is extreme, especially in obese cows, and levels of
glucose and gluconeogenic precursors (eg, oxaloacetate) are low, the Krebs cycle
cannot progress, leading to increased ketogenesis (ketosis) and/or pathologic TG
accumulation, which is defined as fatty liver.">""
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FATTY LIVER SYNDROME

Fatty liver, also known as hepatic lipidosis, is a common disorder affecting dairy cows
around parturition. This major metabolic disorder leads to decreased milk yield, poor
health, low fertility, and higher risk of culling. In addition, fat infiltration is associated
with a more severe NEB and a greater incidence of periparturient disorders, such as
dystocia, infections, and inflammation.*'® Fatty liver develops when the hepatic up-
take of lipids exceeds the oxidation and exporting of lipids by the liver, which usually is
preceded by high concentrations of plasma NEFA mobilized from adipose tissue,
mostly in obese cows.*'® Furthermore, new evidence has shown that dairy cows
may develop a state of insulin resistance during the transition period, which is related
to a higher release of NEFA from adipose tissue and results in a greater risk of second-
ary diseases.* 6

Fatty Liver and Type of Body Fat

Fat is deposited under the epidermis and around vital organs, where it may play immu-
nologically defensive and mechanically protective roles in addition to storing energy.'®
Of note, subcutaneous fat is known to have more unsaturated FA than abdominal
fat.2® Moreover, visceral adipocytes are more metabolically active and sensitive to
lipolysis than subcutaneous adipocytes in humans?' and dairy cattle because of a
higher expression of hormone-sensitive lipase.*?2 Furthermore, an excess of visceral
fat is strongly associated with increased NEFA release in response to low insulin.?™ A
diagram displaying the dynamics of abdominal and subcutaneous fat is presented in
Fig. 1.

The great similarity between the FA profiles of abdominal fat and NEFA compared
with subcutaneous fat and NEFA supports the hypothesis that abdominal fat is pref-
erentially mobilized in dairy cows, especially when they develop LDA.2® Consequently,
cows favoring the deposit of fat in the abdominal cavity are at greater risk of releasing
excesses of NEFA, developing more diseases, such as fatty liver, LDA, or ketosis.

The reasons why some cows deposit more fat in the abdominal cavity are under
investigation. In humans, fat distribution varies with gender, genetics, disease states,
hormone levels, development, and aging.?* Therefore, a genetic role in body fat distri-
bution in cattle is likely. In fact, for the first time, a study conducted in the United States
reported a genetic component for cows with an excessive amount of omental and
abdominal fat.2® The chip heritability for abdominal fat accumulation was 0.686, and
the estimated additive genetic and residual variance components were 0.427 and
0.074, respectively. In total, 11 single nucleotide polymorphisms defining four quanti-
tative trait locus regions were found to be significantly associated with visceral fat
deposition. The authors concluded that excessive omental/abdominal fat in Holstein
cows with similar BCS is not caused by a single Mendelian locus and that the trait ap-
pears to be at least moderately heritable; consequently, genetic selection to reduce
excessive abdominal fat is potentially feasible but would require indexes generated
from larger, random samples of Holstein cattle to predict this trait.?° The previous
study was designed based on an empirical hypothesis of bovine practitioners,
including the first author of the study, who commonly reported that some cows devel-
oping LDA and subjected to corrective surgery had excessive omental fat even though
their BCS at calving was within normal limits (3.25-3.5, scale 1-5).

Epidemiology of Fatty Liver

Fatty liver can be classified based on the content of TG as the percentage of wet
weight in hepatic tissue. A normal liver should contain <1% of TG; a mild fatty liver
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Score 4
Fig. 1. Scores for fine needle aspiration cytology. For the analyses, scores 0 and 1 were
considered normal and scores 2, 3, and 4 were considered abnormal. Modified Wright-
Giemsa stain, original magnification x1000. (From Melendez P, Whitney M, Williams F,
et al. Technical note: Evaluation of fine needle aspiration cytology for the diagnosis of fatty
liver in dairy cattle. J Dairy Sci 2018;101:4483-4490.)

between 1% and 5%; a moderate fatty liver between 5% and 10%; and a severe fatty
liver >10%.'® Under this classification, the scientific literature in the last 5 years
(Table 1) shows that most cows have evolved to develop a moderate to severe fatty
liver during early postpartum regardless of treatments and feeding management (eg,
use of additives such as rumen-protected choline). During early postpartum, 5% to
10% of dairy cows develop severe fatty liver and 30% to 40% develop moderate fatty
liver, indicating that half of postpartum cows are at a higher risk for other diseases,
reproductive problems, and decreased productivity.'® Of note, according to recent
studies, the average liver TG content of study groups in postpartum cows is greater
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Table 1
Mean triglyceride concentration (% wet weight) from studies from the last 7 years
Mean TG? Concentration
Groups or Animals (%) DIM®  Breed References
One group (95 cows) 3.2% TG at 21 d prepartum < 21 Holstein  McCarthy and
8.57% TG at 1 DIM colleagues®
14.09% TG at 21 DIM
Control 10.6% TG <9 Holstein  Mann and
Treatment 11.9% TG colleagues?®
Control 2.64% TG 47% of cows 22 Holstein  Shen and
Fatty liver 10.5% TG 53% of cows colleagues®?
<5% TG 26% of cows <10 Holstein  Fry and
5%-10% TG 34% of cows colleagues?®
10%-15% TG 8% of cows
15%-20% TG 10% of cows
>20% TG 22% of cows
Control 7% TG 23 Holstein  Caixeta and
Treatment 3.1% TG colleagues®
80 Multiparous cows  4.5% TG -30 Holstein ~ Angeli and
Prepartum 17.5% TG 4 colleagues®
Postpartum 11.5% TG 14
Postpartum
Control 12% TG 14 Holstein  Caputo Oliveira
Treatment 8% TG and colleagues®®
Prepartum 0.5% TG =21 Holstein  Vogel and
Control 6.8% TG +28 colleagues®’
Treatment 4.5% TG +28
Control 3.41% TG <21 Holstein  Bollatti and
Treatment 4.05% TG colleagues®®
Control 8.4% 5 Holstein  Leal Yepes and
Control 9.2% 21 colleagues*
Treatment 5.1% 5
Treatment 5.8% 21
LBCS© 5.4% -14 Holstein  Angeli and
HBCS 6.5% —14 colleagues?®
LBCS 17.3% 4
HBCS 16.5% 4
LBCS 15.5% 21
HBCS 18.0% 21

Triglycerides.
Days in milk.
Low body condition score.
High body condition score.

a n T o

than 3%, and more than 50% of the cows develop a moderate to severe fatty liver.
Even worse, in many of the studies, it was observed that the average concentration
of hepatic TG was greater than 10%, indicating that more than half of the cows during
the early postpartum period develop severe fatty liver. In a recent study, cows with low
BCS and high BCS at 4 days postpartum had an average liver TG content of 17.3%
and 16.5%, respectively.?® The same cows at 21 days postpartum had an average
liver TG content of 15.5% and 18.0%, respectively. Similar results were reported
where cows in a nutritional trial between 3 days and 9 days postpartum had an
average liver TG content of 10.6%.2” In another study, 8% of cows had a liver TG
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content between 10% and 15%, 10% of cows had between 15% and 20%, and 22%
of cows had >20%, indicating that 40% of the study cows suffered from severe fatty
liver.?® Finally, it was found that prepartum dairy cows (14-21 d before parturition)
already have developed a mild fatty liver with an average hepatic TG content >3%.26:2°

In light of these results, it is concluded that the development of fatty liver has
evolved over time, becoming a more common and severe condition than it was
20 years ago.

We propose that because genetic selection for high milk production has been very
consistent during the last 30 years, indirectly it may carry alleles associated with more
abdominal adiposity. This may occur because high-producing cows need energy for
milk synthesis as soon as possible; therefore, since abdominal fat is more reactive
and faster to be mobilized than subcutaneous fat, it will also lead to a faster and
more aggressive liver TG accumulation.

Diagnosis of Fatty Liver

The diagnosis of fatty liver is complex, and at the present, there is no analytical test
that is accurate, fast, and reliable for detecting this condition.'®*° Traditional liver
damage diagnostic tests include the determination of liver enzymes and other blood
metabolites; however, the diagnostic utility for these biochemical profiles is often inef-
fective because of a significant lag in time. Increases in liver enzymes and other me-
tabolites occur when there is already severe liver damage, which does not allow for
effective corrective measures. In consequence, there is a need for an earlier diagnosis
of fatty liver conducive to timely preventive and therapeutic actions.'®3"-*? Hepatic TG
content can be determined by fat extraction, histopathology, or flotation of liver bi-
opsies obtained from live animals.'® However, liver biopsies are invasive and have
been associated with risks of hemorrhage, infection, and adhesion formation. &%

Another approach for the diagnosis of hepatic lipidosis in cattle is the use of a trans-
cutaneous ultrasound; nevertheless, this methodology is more accurate for the diag-
nosis of severe fatty liver and has low sensitivity when liver TG contents are
<10%.32:3473¢ The use of fine needle aspiration cytology (FNAC) for the diagnosis of
fatty liver in cattle and other species has been also described.®”* The FNAC is tech-
nically feasible in clinical practice because it is minimally invasive and inexpensive and
has a rapid turnaround time compared with biopsy.*° In fact, two recently published
studies have shown promising results for FNAC in clinical settings.?®>'! The first study
reported a sensitivity and specificity of 73% and 85%, respectively, using a cut-off
value of 2% for liver TG content, by which an early diagnosis of fatty liver (TG infiltration
of 2%-5%) can be achieved.?® The microscopic cytology scores used in this study are
shown in Fig. 2. In the second study, the liver TG content was more strongly correlated
with the proposed cytology score than with NEFA or B -hydroxybutyrate (BHB) con-
centration in the serum. Moreover, cytology was accurate for categorizing hepatic
TG at thresholds of 5%, 10%, and 15%.

Other non-invasive techniques that aid in the diagnosis of fatty liver in dairy cattle
include the determination of circulating levels of orinithine carbamoyl transferase
(>25 U/L), glutamate dehydrogenase (>8.9 U/L), and NEFA (>1 mmol/L)*° and the
rate of liver propionate to glucose conversion.?® Unfortunately, these methods are
only reliable when the hepatic TG content is >5%.

Fatty Liver Control and Prevention

Despite advances in understanding prepartum and postpartum dairy cow physiology,
which have resulted in nutritional strategies that modulate the transition to successful
lactation, the incidence of metabolic diseases and related disorders still remains high.*
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Release to circulation from early hepatocyte
damage of miRNA-802, miRNA-122, SLC27AL,
envoplakin and oncoprotein-induced transcript-
3, FGF-21 can be used as potential biomarkers

for early diagnosis of hepatic lipidosis
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Fig. 2. Proposed mechanisms of fatty liver development in modern dairy cows.

Undoubtedly, this scenario is associated with long-term genetic selection, mostly
centered in milk production, which poses the challenge of very high energy outputs
post-partum. Nonetheless, it is plausible that sustained genetic selection for increased
milk yield could bring unintended consequences with pleiotropic genes related to spe-
cific metabolic pathways. Therefore, the control and prevention of diseases related to
this elevated metabolic rate will not only depend on adequate feeding management
and cow-comfort but also the genetic component of metabolic rate, predicted with
future selection indexes that consider genomic information about abdominal
adiposity, metabolism, and diseases.*%*'

In terms of fatty liver and metabolic imbalances, cows require a moderate level of
lipolysis; however, if abdominal adiposity is excessive and if environmental manage-
ment and cow-comfort is inadequate, cows may be more prone to mobilize this fat,
generating a substantial pro-inflammatory state. Therefore, the first action to avoid
excessive fat mobilization is to prevent the fattening of cows during the last third of
lactation and the dry period. Perhaps a single total mixed ration is not the best
approach and a low production diet at the end of lactation is better. In this case, en-
ergy intake will be better adjusted to meet the requirements of the cow.
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Other measures to consider are.

e Improving DMI during the prepartum period, which does not necessarily imply
increasing energy consumption but rather filling the rumen. This increase will
allow the cow to have a greater postpartum DMI and, therefore, increase the en-
ergy input.

e Avoiding stress and maintaining adequate cow comfort, such as controlling heat
stress abatement, stock density, and feed bunk space.

e Maintaining an efficient health monitoring program to diagnose and treat dis-
eases in a timely manner.

e Applying well-formulated diets, adapting rumen to transition to the milk-
producing stage adequately, avoiding hypocalcemia, and considering the use
of additives, such as rumen-protected choline, methionine, niacin, monensin,
and other gluconeogenic precursors.

In specific, the addition of monensin to the diets of dairy cows is a widely applied
practice. A series of meta-analyses have demonstrated the positive effects of this iono-
phore on health, productivity, and metabolism.*>*3 In general, monensin decreases
circulating NEFA in the postpartum period, especially when used in both the pre- and
postpartum periods.*? The effect of monensin on adipocyte lipolysis is probably indirect
because of the selective inhibition of gram-positive bacteria in the rumen that favors
propionic acid production, as the synthesis of butyric and acetic acid is reduced. The
propionic acid is used by the liver during the tricarboxylic acid and gluconeogenic cy-
cles, resulting in reduced levels of BHB and increased levels of glucose.*

RUMINAL ACIDOSIS AND LIVER ABSCESSES

Ruminal acidosis is a common nutritional problem that occurs when dairy cattle
consume diets with a high starch content (grains). Subacute ruminal acidosis
(SARA) is the most common form of ruminal acidosis encountered in dairy herds,
with a reported prevalence of 19% to 26% during early and mid-lactation, respec-
tively.** This disease is more prevalent in lactating dairy cows because of their high
nonfibrous carbohydrate intake in order to meet energy demands for lactation. Briefly,
SARA consists of intermittent periods of low ruminal pH that are between acute and
chronic in duration, as depressed ruminal pH will self-correct within a few hours.
Affected cows typically exhibit no overt clinical signs when ruminal pH is depressed.
However, chronic health problems secondary to rumenitis may appear weeks to
months later. In contrast to SARA, cows with acute ruminal acidosis experience a sud-
den and uncompensated decrease in ruminal pH.*°

An important consequence of SARA is dysbiosis in the ruminal microbiome,
destroying gram-negative bacteria and decreasing their abundance in the rumen.
As lysis of these bacteria increase, greater concentrations of lipopolysaccharides
(LPS) trigger the growth of ruminal bacteria associated with acidosis and increase
the chances of evoking an immune response.*®

Histamine, LPS, and possibly live bacteria cross the damaged epithelial barrier and
reach the liver via portal circulation, where they elicit inflammation, most prominently
via the nuclear factor (NF)-xB pathway.*” The liver typically removes LPS before they
can reach the systemic circulation. Subsequently, the inactivated LPS are released via
bile into the small intestine.*® This implies that when LPS are detectable in peripheral
blood, the LPS-clearing capacity of the liver has been exceeded. Therefore, liver mal-
function, such as that often seen in early lactation, could aggravate the LPS-related
symptoms of SARA.#°
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Moreover, LPS that enter the systemic circulation can further promote systemic
inflammation. Systemic inflammation interferes with barrier and transport functions
of all gastrointestinal epithelia. Notably, if the provided grain contains a large propor-
tion of bypass starch, acidosis may concurrently or alternatively be elicited in the hind-
gut, where comparable pathophysiological mechanisms lead to epithelial damage and
to LPS and histamine absorption with subsequent systemic inflammation.*”

Liver abscesses are a common complication of SARA. They are caused by bacterial
translocation across damaged ruminal epithelium. Bacteria such as Fusobacterium
necrophorum and Trueperella pyogenes reach portal blood as a result of decreased
rumen mucosa barrier function.®° Portal blood flow then carries the bacteria to the
liver, where they may establish a new infection that is walled off into an abscess.*®

If the ruminal bacteria clear the liver (or if bacteria from liver infections are released
into circulation), they may colonize the lungs, heart valves, kidneys, or joints. The
resulting pneumonia, endocarditis, pyelonephtritis, and arthritis are all chronic inflam-
matory diseases that are difficult to diagnose ante mortem.>' Caudal vena cava syn-
drome is another possible consequence of bacteria release into circulation and can
cause a pulmonary aneurysm, which can subsequently lead to rupture, hemoptysis,
and sudden deaths in cows affected by SARA. The pro-inflammatory response to
acidosis is not unique to rumen epithelium and extends to circulating white blood
cells.®?

Interestingly, cytokines released during inflammation are able to alter many organ
functions because almost all cell types express cytokine receptors.®®5* This may
explain a pathophysiological link and the coincidence of SARA with other major cattle
diseases, such as LDA, laminitis, secondary ketosis, and liver diseases.*®

MONITORING AND DIAGNOSTIC PROCEDURES
Assessing Liver Health

Liver function is traditionally assessed using blood profiles that include measurements
of albumin and globulin, the albumin to globulin ratio, aspartate aminotransferase
(AST), glutamate dehydrogenase, gamma-glutamyl transpeptidase, lactic acid dehy-
drogenase (LDH), isocitrate dehydrogenase (IDH), bilirubin, cholesterol, and liver tria-
cylglycerides (TAG).%®

In dairy cows, the profiles of circulating liver enzymes and liver TAG indicate
increased liver activity and metabolic load during the week immediately following
calving.® During this time, increased hepatic gluconeogenesis and NEFA oxidation,
which occurs in response to initiating lactation after hepatic lipidosis caused by lipid
mobilization, strains the function capacity of the liver.® Decreased circulating bilirubin
concentrations, increased AST activity, and increased liver TAG content are also
evident during week 1 after calving, which confirms an association between and
increased burden on the liver and greater lipolysis or failure to completely oxidize
mobilized NEFA, even in moderate-yielding cows.>®

With acute or chronic hepatocellular injury or necrosis, the serum activity of hepatic
enzymes increases because of the release of these enzymes into the serum, although
increased serum activity of these enzymes is not a specific indicator of abnormal or
impaired liver function.

The enzymes AST, LDH, and IDH are available enzymes for assessing hepatocellu-
lar injury in ruminants. Increased activity can be seen with infectious, inflammatory,
toxic, or metabolic insults to the liver. In chronic or slowly progressive hepatic disease,
enzyme activity may fall within or lower than the reference interval because too few
hepatocytes are being damaged or the hepatocellular mass is substantially reduced.®®



442

Pinedo & Melendez

Consequently, these enzymes may be more sensitive indicators of acute disease,
such as infectious hepatitis or certain toxicities.

Elevated concentrations in IDH are indicative of acute hepatocellular damage in ru-
minants; however, its usefulness is somewhat limited because of its relative instability
in vitro. The serum profile of IDH activity after hepatocellular injury is characterized by
a rapid ascent followed by rapid decline; therefore, it is not generally useful as an in-
dicator of chronic liver problems.%®

Bilirubin and bile acids have been used to assess hepatic function. The quantity of
bile acids has been shown to be greater in cattle with hepatic lipidosis, hepatic ab-
scesses, leptospirosis, fascioliasis, and biliary calculi.

A slightly different approach is to combine multiple measurements in a single
comprehensive index. Bertoni and colleagues®” proposed a liver activity index based
on an aggregate of plasma concentrations of albumin, total cholesterol as a proxy for
lipoproteins, and retinol-binding protein, which determined that cows with a lower liver
activity index had higher plasma concentrations of haptoglobin and globulin during
week 1 postpartum and lower milk yield in early lactation. Cows with a lower liver ac-
tivity index also had more health disorders postpartum and generally poorer reproduc-
tive performance.®®

As presented earlier, NEFA, glucose, insulin, growth hormone, insulin-like growth
factor-1, and leptin are used to monitor energy status and metabolism, with BCS
and body weight reflecting changes in body composition and energy reserves. As
reviewed by Ospina and colleagues,'" several research groups have evaluated the as-
sociation between excessive NEB and negative downstream outcomes at the individ-
ual animal level. The NEFA cut-off values associated with these outcomes of interest
ranged from 0.3 to 0.4 mEqg/L and from 0.4 to 0.7 mEg/L in prepartum and postpartum
cows, respectively. For BHB, cut-off values ranged from 0.7 to 1.0 mmol/L, depending
on the disease of interest.

Changes in the expression of some miRNAs in the liver have also been shown in as-
sociation with NEB and altered tissue function in cattle.®® These miRNAs have been
reported to regulate gene expression in various biological pathways, including those
involved in metabolism and energy homeostasis, such as insulin.?® The regulatory
role of mMiRNAs in liver diseases, such as hepatitis, diet induced non-alcoholic fatty
liver, alcoholic and nonalcoholic hepatocellular carcinoma, and cirrhosis, have been
reported in humans and mice.®’

Ultrasonography of the Liver

Ultrasonographic examination of the liver provides information about the size, posi-
tion, and parenchymal pattern of the liver; the size and position of the gallbladder
and the intra- and extrahepatic bile ducts; and the topography of the major vessels.
Moreover, ultrasound-guided collection of hepatic biopsy samples, centesis and aspi-
ration of abscesses, and cholecystocentesis and aspiration of bile samples can be
performed safely.®?

Ultrasonographic examination is of importance in the diagnosis of hepatic ab-
scesses in cows, which result in circumscribed structural changes in the hepatic pa-
renchyma. The differential diagnosis of circumscribed changes in the liver must
include neoplasia and cysts. Ultrasound-guided centesis of the liver should be per-
formed to confirm the diagnosis.®?

This tool is also of value in the detection of fatty liver, although the diagnostic ability
of the procedure is restricted to high contents of TG (>10%) during the progression of
this disorder.32:34-36,62
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CLINICS CARE POINTS

Under field conditions fatty liver is difficult to diagnose, therefore treatment and prevention
may be challenging and tardy.

Liver abscesses are metaphylactic treated with oral antibiotic as additives; unfortunately, this
strategy favors the development of antibiotic resistance.
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