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Clinicopathological evaluation of downer dairy cows with fatty liver

Emmanouil Kalaitzakis, Nikolaos Panousis, Nikolaos Roubies, Nektarios Giadinis,  
Eleni Kaldrymidou, Marios Georgiadis, Harilaos Karatzias

Abstract — This study evaluated the relationship between severity of fatty liver and macromineral status in downer 
dairy cows and determined the usefulness of selected biochemical analytes for assessing prognosis. Blood and liver 
biopsy specimens were obtained from 36 Holstein downer cows shortly after the cows became recumbent and 
before they were treated. Liver tissue was examined histologically and serum activity of liver‑derived enzymes and 
concentration of total lipids, triglycerides, bile acids, glucose, b‑hydroxybutyrate, acetoacetic acid, total bilirubin, 
non‑esterified fatty acids (NEFA), cholesterol and macrominerals (Ca, Mg, K, Na, P) were determined. Fatty liver 
infiltration was severe in 44% of the cows and moderate in 44%. Serum activities of ornithine carbamoyltransferase 
and glutamate dehydrogenase, and NEFA/cholesterol ratio were good indicators of fatty liver. Cows with severe 
fatty liver had the lowest mean K values. The prognosis is guarded for downer cows with moderate and severe fatty 
liver and when total bilirubin concentration is high.

Résumé — Évaluation clinicopathologique des vaches laitières couchées atteint de la stéatose hépatique. 
Cette étude a évalué le lien entre la gravité de la stéatose hépatique et le statut des éléments minéraux chez les 
vaches laitières couchées et a déterminé l’utilité de certaines substances à analyser pour évaluer le pronostic. Les 
spécimens de sang et de biopsie du foie ont été obtenus auprès de 36 vaches Holstein couchées après leur décubitus 
et avant le traitement. Les tissus du foie ont fait l’objet d’un examen histologique et l’activité sérique des enzymes 
dérivés du foie et la concentration des lipides totaux, des triglycérides, des acides biliaires, du glucose, du 
b‑hydroxybutyrate, des acides acétoacétiques, de la bilirubine totale, des acides gras libres, du cholestérol et des 
éléments minéraux (Ca, Mg, K, Na, P) ont été déterminés. L’infiltration de la stéatose hépatique était grave chez 
44 % des vaches et modérée chez 44 %. Les activités sériques de l’ornithine carbamoyltransférase et de la glutamate 
déhydrogénase et le ratio des acides gras libres et du cholestérol étaient de bons indicateurs de la stéatose hépatique. 
Les vaches atteintes de stéatose hépatique grave présentaient les valeurs de K moyennes les plus basses. Le pronostic 
est réservé pour les vaches couchées atteintes de la stéatose hépatique modérée et grave et lorsque la concentration 
de la bilirubine totale est élevée.

(Traduit par Isabelle Vallières)

Can Vet J 2010;51:615–622

Introduction

D owner cow syndrome refers to cows that become recum‑
bent and fail to rise; this is a major concern in dairy farms 

worldwide. The syndrome occurs mainly in the early postpartu‑
rient period and is caused by several diseases. The most common 

cause of downer cow syndrome is hypocalcemia (milk fever) (1) 
but it is also caused by injuries, muscle damage, macromineral 
deficiencies, toxic mastitis or metritis (2). Fatty liver may also 
contribute to cows becoming downers (3). Almost all high 
producing dairy cows are in negative energy balance in early 
lactation because energy requirements exceed feed consump‑
tion capacity (4). The liver plays a central role in metabolism 
and dairy cows are generally prone to liver disease (5); a high 
proportion of dairy cows experience fatty liver before and after 
parturition (6–10).

Although fatty liver is an important risk factor for the occur‑
rence of downer cow syndrome (3), it is often misidentified or 
overlooked because it is difficult to diagnose. Clinical signs in 
downer cows usually do not accurately reflect hepatic dysfunc‑
tion, unless the liver damage is severe. The definitive means of 
diagnosing fatty liver is determining the fat content of hepatic 
tissue collected by liver biopsy (11), although there are a variety 
of biochemical parameters, such as aspartate aminotransfer‑
ase (AST), total bilirubin (tBIL), gamma glutamyltransferase 
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(GGT), total bile acids (SBA), and glutamate dehydrogenase 
(GDH), which provide some diagnostic information (12). 
It was recently reported that ornithine carbamoyltransferase 
(OCT) may be a very sensitive indicator of various degrees of 
fatty liver (13). There have been few reports of the relation‑
ship between downer cow syndrome and fatty liver and we are 
unaware of any published investigations on the relationship 
between fatty liver and serum OCT activity or blood concentra‑
tions of macrominerals in downer cows.

The purposes of the study were to evaluate the relation‑
ship between severity of fatty liver and macromineral status in 
downer cows and to assess the usefulness of the determination 
of OCT, other enzyme activity, or other biochemical analytes 
in evaluating prognosis.

Materials and methods
Animal selection
Thirty‑six Holstein cows (6 of which were first‑calf heifers) from 
23 dairy farms (fewer than 3 from each farm) in Greece were 
used. Cows that became recumbent in the first week of lacta‑
tion were eligible for inclusion in the study and were referred 
by the local veterinarians who serviced the herds. All cows were 
sampled as soon as possible after recumbency (time between 
referred recumbency and sampling ranged from 30 min to 6 h) 
and before any treatments were administered. Downer cows in 
the present study had failed to rise within 6 h after the 1st treat‑
ment. Samples were collected from March through December 
2004. The study protocol was performed in compliance with 
institutional guidelines and European Union legislation for 
research on animals. All owners gave informed consent for cattle 
to be included in the study and undergo the testing procedures.

Data collected when the cows were examined included age, 
parity, date of calving, recent health and production problems, 
time (h) from the onset of recumbency, and body condition 
score (scale of 1 to 5). A thorough physical examination was 
performed on each cow including rectal temperature, pulse 
rate, inspection of mucous membranes and examination for 
mastitis, metritis and bone fractures. Then blood and liver tissue 
samples were collected. Cows without signs of disease other than 
hypocalcemia were then treated with 500 mL of 23% calcium 
borogluconate IV, 250 mL of 23% calcium borogluconate SC, 
500 mL of 35% dextrose IV, and 150 mL propylene glycol PO.

The 36 cows that were finally included in the study (from a 
total of 74 initially referred) fit the definition of “downer cows.” 
These cows were between 10 and 72 h after calving. None of 
them had a history of musculoskeletal injury, nor showed evi‑
dence of other disease (such as, fever, vaginal discharge, mastitis).

The clinical outcome of these 36 downer cows was deter‑
mined on the 7th day in milk (DIM) and cases were followed 
up by telephone. Each cow was assigned 1 of 2 clinical outcomes 
as follows: 1) cured (able to stand and return to good general 
health by 7 DIM) or 2) died (dead within the first 7 DIM or 
still recumbent and euthanized by the 7th DIM).

Sample collection
Blood samples were collected from the jugular vein of each cow 
using an 18‑gauge needle into glass tubes without anticoagulant. 

After clotting for 20 min, serum was separated at the farm by 
centrifugation at 1600 3 g for 15 min, transferred to plastic 
vials, and transported at 4°C to the laboratory, where it was 
stored refrigerated at 4°C or frozen at 220°C. Refrigerated 
serum was analyzed within 6 h for enzyme activity, acetoace‑
tic acid (AcAc) and beta‑hydroxybutyrate (b‑HB), glucose 
(GLU), blood urea nitrogen (BUN), albumin (ALB), cholesterol 
(CHOL), and tBIL concentrations. Frozen serum was analyzed 
within 10 d for SBA and non‑esterified fatty acids (NEFA) 
concentrations.

Liver tissue was obtained by transcutaneous biopsy through 
the 11th right intercostal space using a liver biopsy needle 
(Berlin Model, 2.5 mm 3 25 cm; Eickemeyer Medizintechnik 
für Tierärzte, Tuttlingen, Germany). Biopsy specimens (150 to 
350 mg of liver tissue) were divided into 2 parts; one was fixed 
in neutral‑buffered 10% formalin for histological examination 
and the other was stored at 220°C for determination of total 
lipid and triglyceride concentrations.

Serum biochemical analysis
Spectrophotometric kinetic methods were used to deter‑
mine serum activities of AST (14), alanine aminotransferase 
(ALT) (14), alkaline phosphatase (ALP) (15), GGT (16), sorbi‑
tol dehydrogenase (SDH) (17), GDH (18), creatine kinase (CK) 
(19) and concentration of b‑HB (20) and AcAc (20). All mea‑
surements were obtained at a temperature of 30°C. Colorimetric 
spectrophotometric methods were used for determination of 
OCT activity (21) and tBIL (22), ALB (23), BUN (24), CHOL 
(25), and GLU (26) concentrations. Commercial kits were used 
for determination of SBA (No. 450‑A, Trinity Biotech plc; 
Brau, Co Wicklow, Ireland) and NEFA (Wako Cod 999‑75406; 
Wako Chemicals GmbH, Neuss, Germany) concentrations. All 
blood samples were analyzed for serum total Ca and Mg con‑
centrations by flame atomic absorption spectophotometry 
(Perkin‑Elmer A analyst 100; Atomic absorption spectroscopy 
1996, Analytical methods. Norwalk, Conn: Perkin‑Elmer Corp, 
Norwalk, Connecticut, USA). Total serum concentration of 
phosphorus (P) was determined using the heteropoly acid‑blue 
method (27). Serum potassium (K) and sodium (Na) concentra‑
tions were determined by flame atomic emission spectrophotom‑
etry (Sherwood 410 flame photometer; Sherwood Scientific, 
Cambridge, England).

Liver biochemical analysis
Total lipid concentration in liver tissue was measured using 
chloroform‑methanol‑water extraction (28). Liver triglyceride 
concentration was determined by first saponifying the extracted 
lipids with 1 mL of 0.5N KOH solution and 1 mL of absolute 
ethanol for 60 min at 70°C. The resultant triacylglycerols were 
measured as described previously (29). Both liver lipid and 
triglyceride content were reported as mg/g of wet liver tissue. 
A spectrophotometer was used for all measurements (Hitachi 
U‑2000; Hitachi, Tokyo, Japan).

Histological examination
Biopsy specimens fixed in neutral‑buffered 10% formalin solu‑
tion were cut to 3 to 4 mm thickness sections, and stained with 
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hematoxylin and eosin (H&E). Specimens were examined by 
light microscopy for lipid content. Liver fat content was clas‑
sified according to a 6‑point scale of severity of fatty infiltra‑
tion (GfL), using a semi‑quantitative scoring system (13). Range 
of GfL scores was from 0 (no fat droplets visible) to 5 (panlobular 
fatty infiltration).

Grouping by severity of fatty liver
Cows were assigned to 1 of 3 groups of fatty liver infiltration 
based on GfL and TG liver content, as follows: 1) mild fatty liver 
(cows with GfL = 2 and liver TG , 20 mg/g), 2) moderate fatty 
liver (cows with GfL = 3 or 4 and liver TG = 20 to 50 mg/g), and 
3) severe fatty liver (cows with GfL = 5 and liver TG . 50 mg/g). 
No cows were classified as GfL 0 or 1.

Reference healthy fresh cows
The reference range for biochemical variables evaluated in the 
study was determined using blood and liver tissue samples from 
10 healthy Holstein cows from the same 23 farms (maximum 1 
per farm) that contributed cows to the study. The selected cows 
were within the first 7 DIM, had no history of disease for the 
current lactation, were clinically healthy at the time of sampling, 
and had no histologically visible fat in the liver (GfL , 2) as 
determined later by histopathological evaluation. All of the 
variables were measured using the same methods used for the 
diseased cattle. The minimum and maximum values obtained 
from these 10 cows were used as lower and upper ends of the 
reference range, respectively.

Healthy fresh cows
During a large‑scale study held in Greece for metabolic diseases 
in Holstein cattle (13) a reference population of 70 healthy 
fresh cows was created. Although these 70 animals were clini‑
cally healthy, they did have mild fatty liver (GfL = 2) within the 
first 30 DIM. All parameters were measured with exactly the 
same methods as for the downer cows of the present study. The 
biochemical results of these 70 cows are presented in Table 1 as 
values for ‘‘healthy fresh cows.’’

Statistical analysis
Analysis was performed using a commercial software pro‑
gram (SPSS, version 16.0; SPSS, Chicago, Illinois, USA). The 
Spearman rank bivariate correlation was used to investigate 
the relationship between variables. Because the assumptions of 
ANOVA (homogeneity of variances and normality) were not sat‑
isfied we compared biochemical parameter measurements among 
the 3 groupings of fatty liver severity using a Kruskall‑Wallis 
non‑parametrical test. When significant differences among 
groups were observed, the Mann‑Whitney test was used for 
pairwise comparisons, in order to identify which group medi‑
ans were significantly different. Fisher’s exact chi‑squared (X 2 ) 
test was used to assess independence between fatty liver group 
classification and clinical outcome. Finally, a Mann‑Whitney 
test was used to compare medians of biochemical param‑
eter measurements in the 2 different clinical outcome groups 
(cured — died). For all tests, values of P , 0.05 were considered 
significant.

Results
Liver evaluation
Liver tissues from all 36 downer cows were classified as GfL 2 
or higher, resulting in the classification shown in Table 1, where 
the results of the liver biochemical analyses are also presented.

Clinical outcome
Classification of cows according to the outcome and the sever‑
ity of fatty liver is shown in Figure 1. The time frame for their 
recovery was between 1 and 6 d after 1st treatment. Nine of 
the 36 cows were classified as cured and the remaining 27 cows 
had died by 7 DIM. There was a significant association between 
clinical outcome (cured or died) and severity of fatty liver, as 
revealed by Fisher’s exact X 2 test (P , 0.05).

For 11 parameters (OCT, GDH, AST, ALT, CK, SDH, GGT, 
BUN, K, tBIL, and triglycerides) there were significantly differ‑
ent parameter distribution medians in animals that were cured 
versus animals that died (Table 2).

Serum biochemical analyses
Median serum OCT activity increased significantly with the 
severity of fatty liver (Table 1) and was significantly correlated 
with parameters such as triglycerides, AST, SDH, ALP, GDH, 
tBIL, and CHOL (Table 3). Median serum AST activity was 
significantly higher in downer cows with severe and moderate 
fatty liver and serum GDH activity increased with increasing 
liver lipid content (Table 1). Serum CK activity was very high in 
the downer cows, and median CK activity increased significantly 
from the mild to severe fatty liver groups (Table 1).

Median serum tBIL concentration was significantly elevated 
in moderate and severe fatty liver groups (Table 1). Median 
serum NEFA concentration was significantly higher in cows 

Figure 1. Clinical outcome within 7 days in milk for the 
36 downer cows based on severity of fatty liver.
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with moderate and severe fatty liver compared with those having 
mild fatty liver (Table 1). The NEFA/cholesterol ratios averaged 
0.17 in the reference cows, 0.24 in the mild fatty liver group, 
rose to 0.53 for the moderate fatty liver group, and up to 0.73 
in the severe fatty liver group (Table 1).

Downer cows had significantly lower median serum Ca 
and P concentrations, but these medians were not signifi‑
cantly different between the fatty liver groups (Table 1). All 
groups of downer cows had significantly reduced median serum 
K concentration and the lowest values were recorded in the severe 
fatty liver group, where some cows were hypokalemic (serum K 
, 3 mmol/L) (Table 1).

Discussion
One of the aims of the study was to investigate the occurrence 
and severity of fatty liver in downer cows soon after calving. In 
this group of 36 downer cows, which had all calved within 72 h 
of sampling, 44% had severe fatty liver and 44% had moder‑
ate fatty liver. This finding supports the theory that fatty liver 
is present prepartum (30) and is likely caused by mobilization 
of body reserves just before calving (31). About 25% of dairy 
cows are expected to have some degree of fatty liver during the 
1st week after calving (6). In the present study, 88% of the 
animals had moderate or severe fatty liver soon after calving, 
suggesting that fatty liver might be more common in downer 

cows than in the general population of dairy cows that recently  
calved.

First‑lactation animals accounted for 16% of the downer cows 
enrolled in this study. Five of these 6 animals had severe fatty 
liver, suggesting that heifers are also vulnerable to this condi‑
tion. This result is in agreement with some studies (9) but in 
contrast to others (6).

The liver occupies a central position in the metabolism 
of the cow and fatty liver is accompanied by disturbances in 
hepatic structure and function (6). Fatty liver severity is related 
to age; cows with severe fatty liver being substantially older 
(mean age 6.2 y) than the reference cows or cows with mild 
fatty liver. Fatty liver is related to post‑parturient disorders like 
hypocalcemia, ketosis, metritis, which occur more often in older 
cows. It has been reported to be more common in cows than in 
heifers (6). Also, the negative energy balance, which typically 
follows the higher milk production of dairy cows after their 
2nd lactation, increases the risk for fatty liver in high producing 
multiparous cows compared with heifers.

Downer cows usually have reduced appetite which aggravates 
fatty liver, initiating a vicious cycle of worsening appetite. This 
may explain why moderate or severe fatty liver often leads to 
liver failure and death (8,30). None of the cows included in the 
present study had evidence of other disease; thus, we regarded 
liver failure as the likely cause of death for the cows that did not 

Table 2. Median values of the parameters with statistically significantly different medians (P , 0.05) between the two outcome groups

 K  BUN tBIL CK OCT GDH AST ALT SDH GGT TG
 (mmol/L) (mmol/L) (mmol/L) (U/L) (U/L) (U/L) (U/L) (U/L) (U/L) (U/L) (mg/g)
Parameter Median Median Median Median Median Median Median Median Median Median Median

Outcome Groups
 Cured n = 9 4.4  7.14  4.62  310 17.1 6.0 121 37 13.3 17 36
 Died n = 27 3.6 14.28 22.2 1950 35.0 9.1 230 70 24.0 22 51

BUN — blood urea nitrogen, OCT — ornithine carbamoyl transferase, GDH — glutamate dehydrogenase, AST — aspartate aminotranferase, ALT — alanine 
aminotransferase, SDH — sorbitol dehydrogenase, TG — triglyceride content in hepatic tissue, K — potassium, tBIL — total bilirubin, CK — creatine kinase,  
GGT — g‑glutamyltransferase.

Table 3. Spearman correlation coefficients (r) for selected blood and liver variables, from downer cows with fatty liver as in Table 1. All 
correlations presented are significant (P , 0.05)

 AST OCT SDH GDH ALP GGT NEFA CK tBIL CHOL AcAc b‑HB GLU tLPD TG BUN

OCT 0.566
SDH 0.503 0.621
GDH 0.554 0.425
ALP 0.685 0.590 0.476
GGT    0.367 0.513
NEFA 0.683
CK 0.741     0.333
tBIL 0.610 0.703 0.548  0.594   0.355
CHOL 20.390 20.634  20.452   20.475
AcAc  0.339     0.440
b‑HB     20.332  0.456    0.764
GLU 20.376 20.432       20.369 0.481
tLPD  0.562     0.521   20.506 0.336
TG 0.648 0.645     0.557 0.448  20.358 0.426 0.378 20.417 0.635
BUN   0.416   0.508         0.367
Ca    0.370  20.425          20.427
K      20.301  20.338 20.354
P     0.330    20.340       0.408

BUN — blood urea nitrogen, OCT — ornithine carbamoyl transferase, GDH — glutamate dehydrogenase, AST — aspartate aminotranferase, ALP — alkaline phosphatase, 
SDH — sorbitol dehydrogenase, TG — triglyceride content in hepatic tissue, tLPD — total lipid concentration in hepatic tissue, b‑HB — b‑hydroxybutyrate, AcAc — 
acetoacetic acid, GLU — Glucose, CHOL — cholesterol, Ca — total serum calcium, P — inorganic phosphorus, NEFA — non‑esterified fatty acids, K — potassium,  
tBIL — total bilirubin, CK — creatine kinase, GGT — g‑glutamyltransferase.



620 CVJ / VOL 51 / JUNE 2010

A
R

T
IC

L
E

recover. There was a significant association (P , 0.05) between 
clinical outcome (cured or died) and severity of fatty liver. 
Necropsy was performed in only 3 cases with severe fatty liver 
and, as expected, the findings were extensive hepatic lipidosis 
and muscle damage attributed to ischemia from recumbency. 
The lack of postmortem examinations on the other cows is 
a limitation of the study, as the cause of death could not be 
verified.

In dairy cows, lipid accumulates in the liver chiefly in the 
form of triglycerides (4). In the present study, many of the cows 
that died had markedly high concentrations of triglyceride, up 
to almost 10 times the reference value. In the severe fatty liver 
group the significantly higher concentrations of triglycerides 
indicate the influence of fatty liver in the prognosis of downer 
cows, since 14/16 cows died. Furthermore, the median liver 
triglyceride concentrations were significantly higher in cows 
that died during the study period compared to cows that were 
cured during the same period.

Accumulation of triglyceride in the cytoplasm of hepatocytes 
causes disturbances in hepatic structure and function that are 
likely to have particular clinical importance (6) when they 
coexist with aggravating factors such as postpartum stress and 
recumbency. Enzyme leakage from hepatocytes is one manifesta‑
tion of these disturbances (32). The present results indicate that 
OCT increases in parallel with the severity of fatty liver and is 
a measurement that could potentially be used to differentiate 
animals with mild, moderate, and severe fatty liver. Most cows 
with moderate or severe fatty liver had high serum OCT activity, 
likely as a result of lipid accumulation in hepatocytes that caused 
dilatation and dysfunction of mitochondria (33). Although not 
widely studied, this enzyme may be very useful in the diagnosis 
of fatty liver, and especially in evaluating the severity of the 
fatty liver (13,33). Ornithine carbamoyltransferase correlated 
well with AST activity in the present study, as it did in other 
studies (21,33). In another field study, OCT activity exceeded 
the reference range more frequently than AST in ketotic cows 
with fatty liver (34).

In the present study, median OCT was significantly different 
in animals with moderate and severe fatty liver and, also, both 
compared to mild fatty liver, to healthy fresh and reference cows. 
The increase in OCT activity accurately reflected moderate 
and severe fatty liver, despite some overlap in ranges. Median 
OCT activity was also significantly elevated in cows that died, 
compared with cows that were cured. Considering these results, 
we conclude that OCT is a reliable index of fatty liver severity, 
which, in turn, is an indicator of poor prognosis of downer 
cows. Although the relatively small number of downer cases 
did not enable sensitivity evaluation to verify a cut‑off point, 
the data indicate that OCT values above 40 U/L suggest severe 
fatty liver and guarded prognosis for downer cows.

Serum AST activity may have value in diagnosing fatty 
liver (7). Others (8,33) have raised doubt about the value of 
AST, mainly because it is not liver‑specific (35) and is easily 
elevated in muscle damage (36). In downer cows with increased 
AST activity, concurrent analysis of serum CK activity helps to 
identify the origin of AST (muscle or liver). In the present study, 
increases in AST were likely due to muscle damage, because 

the correlation between serum CK and AST activity was high. 
A portion of the AST elevation may have been liver‑derived, 
as evidenced in the weaker correlations of AST with TG, tBIL, 
OCT and ALT. Consequently, as the liver‑derived portion of 
serum AST activity cannot be distinguished, the diagnostic 
value of AST in downer cows suspected for liver dysfunction 
is diminished.

Serum GDH activity increased with increasing hepatic 
TG content, allowing the differentiation of moderate and severe 
fatty liver from mild cases and reference cows, but not the dif‑
ferentiation between moderate and severe fatty liver. Glutamate 
dehydrogenase is not associated with calving (30), so detection 
of high activity in recently calved cows may be an important 
indicator of fatty liver and of the poor prognosis of downer 
cows. Increased GDH activity also indicates acute hepatocellular 
damage (30). In a previous study, using a GDH cut‑off value 
of 5.7 U/L, 70% of the moderate to severe (GfL = 4) and only 
48.5% of severe (GfL = 5) fatty liver cases were diagnosed (13). 
Although the relatively small number of downer cases did not 
enable sensitivity evaluation to verify a cut‑off point, the data 
would suggest that GDH values . 16 U/L might indicate 
guarded prognosis for downer cows due to severe liver damage.

The present study confirmed that determination of serum 
total bilirubin is valuable for the diagnosis of fatty liver in 
downer cows. Total bilirubin is often increased after calving (37) 
and is also increased during periods of anorexia (38). Thus, it is 
expected to be high in downer cows. Total bilirubin concentra‑
tion was significantly higher in all downer cows compared to 
reference and healthy fresh cows. Moreover, it was significantly 
elevated in moderate and severe fatty liver groups (mean values 
$ 1 mg/dL), possibly providing a means to distinguish between 
mild and moderate/severe fatty liver. The fact that median total 
bilirubin concentration was significantly elevated in animals that 
eventually died during the study, makes high concentrations an 
indication of guarded prognosis.

In the present study, serum NEFA concentration was 
increased in cows with moderate and severe fatty liver, an obser‑
vation which agrees with earlier published information (39). 
Non‑esterified fatty acids are considered useful for detection 
of fatty liver in downer cows, as a high NEFA concentration 
is indicative of extended lipid mobilization and is highly cor‑
related with liver lipid content (8). Serum NEFA gradually 
increases during the last week before parturition and then 
acutely increases at calving, which triggers even more fatty liver 
infiltration (40). In downer cows this phenomenon is more 
intense because the appetite loss (41) and the difficulties in 
accessing food lead to a higher negative energy balance, which 
in turn increases NEFA mobilization and blood concentration. 
The NEFA serum concentration is also stress‑sensitive (42), 
which increases NEFA release, resulting in more rapid lipid 
accumulation in the liver.

Fatty liver is characterized by abnormal lipid and lipoprotein 
concentrations (43). In the present study, serum cholesterol 
concentration was significantly decreased in cattle with moderate 
and severe fatty liver compared to the healthy cows and cows 
with mild fatty liver, and was inversely related to NEFA con‑
centrations. These results are in accordance with earlier reports 
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in which fatty liver infiltration was associated with decreased 
serum cholesterol, higher NEFA, and higher NEFA/cholesterol 
ratio (44). The NEFA/cholesterol ratios herein were about 
3 times higher in cows with moderate fatty liver and more than 
4 times higher in cows with severe fatty liver compared with the 
reference cows. Ratios of NEFA/cholesterol . 0.4 in downer 
cows suggested that at least moderate fatty liver was present.

The downer cows had significantly lower median serum 
Ca concentration compared with the reference and healthy 
fresh cows. This was expected, because hypocalcemia is the most 
frequent cause of recumbency in fresh cows (1). Some of the 
downer cows suffered severe hypocalcemia (Ca concentrations 
as low as 0.7 mmol/L). There was no difference in serum Ca 
between the fatty liver groups. We speculate that the coexistence 
of fatty liver with hypocalcemia may have negatively affected 
the downer cows and worsened their prognosis.

All downer cows had significantly lower median serum K 
concentrations compared with reference and healthy fresh 
cows, and cows with the lowest mean K values belonged in the 
severe fatty liver group. Some of the severe fatty liver cows had 
hypokalemia. Median K concentration was significantly lower 
in animals that died compared to animals that were cured. It is 
generally accepted that cows being off‑feed for more than 3 d 
will finally result in hypokalemia. In the present study, how‑
ever, the cows were hypokalemic without being off‑feed, as the 
sampling was performed within 6 h after their recumbency. The 
degree of hypokalemia may be partly attributed to the various 
degrees of inappetance that these cows had. Nevertheless, we 
can not draw conclusions about the reason the downer cows 
were hypokalemic. Given that hypokalemia can lead to muscle 
weakness and degeneration and recumbency (45), K concentra‑
tion should always be evaluated in downer cows and considered 
in the prognosis.

In conclusion, fatty liver was common in the downer cows. 
Cows with severe fatty liver and cows that died up to 7 DIM had 
the lowest mean K values. Because no single serum biochemical 
variable serves as an absolute indicator of fatty liver, a combi‑
nation of variables may be valuable in making a diagnosis. We 
suggest that measurements of OCT and GDH might be useful 
in diagnosing fatty liver in downer cows. When the NEFA/ 
cholesterol ratio was . 0.4, at least moderate fatty liver was 
evident. The prognosis was guarded when total bilirubin concen‑
tration was high. The prognosis of downer cows with moderate 
and severe fatty liver was poor. CVJ
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Zoo Animal and Wildlife Immobilization 
and Anesthesia

West G, Heard D, Caulkett N. Blackwell Publishing, Ames, Iowa, 
USA, 2007. 718 pp. ISBN: 9780‑8138‑2566‑3. $185.99CDN.

T his book is broken into 6 sections encompassing 60 chap‑
ters written by various authors. The first 3 sections are 

devoted to the basics involved in immobilization and anesthesia 
of zoo animals and wildlife. Topics covered include clinical 
pharmacology, euthanasia, remote drug delivery and mobile 
inhalant techniques, monitoring, capture myopathy, and physi‑
cal restraint. The following 3 sections are devoted to more spe‑
cific concerns for various phyla (including invertebrates, fish, 
amphibians, birds‑cage, waterfowl and ratites, and many mam‑
malian groups). The opening chapter on pharmacology is very 
thorough and provides a great review for practitioner and stu‑
dent alike. In the preface, the authors state that they attempted 
to include chapter authors with experience in immobilizing 
and anesthetizing the species that they were writing about. The 
benefit to the reader is that the chapters are comprehensive and 
filled with practical, first‑hand knowledge. Of equal importance 
is the discussion of techniques that may have been previously 
acceptable but have more recently fallen out of favor because of 
advancements in both understanding and available pharmacol‑
ogy, which will allow practitioners to provide the best care for 
their patients.

Each chapter attempts to cover topics such as physiology, 
specific relevant anatomy, restraint, drug choices, pre‑anesthetic 

preparation (blood collection, etc.), considerations for moni‑
toring, anesthesia and recovery, and possible complications. 
Though not all chapters cover all of these topics, every attempt 
at including the most relevant and pertinent information has 
been made. Tables, diagrams, and pictures of the techniques 
used have been included where applicable. These forms of 
additional information are very useful, clear, concise, and easy to 
read and are included only where they enhance the communica‑
tion of the subject matter or provide a valuable quick reference. 
In addition, each chapter also provides a list of cited references 
should the reader wish to review specific topics further.

This book is fantastic and reflects the effort and expertise of 
its chapter authors. Though there are other books that cover 
some of the topics presented here, such as the Handbook of 
Wildlife Chemical Immobilization (Kreeger et al) and the Zoo 
and Wildlife Medicine books (Fowler), none come close to the 
breadth and depth of information this book covers. Even those 
practitioners that only rarely see exotic species will get a lot out 
of this book as will students who are thinking about working 
in the zoo or wildlife medicine field, wildlife biologists, and 
rehabilitators. I have personally used this book several times 
and have found it to be not only easily understandable but full 
of valuable information.

Reviewed by Jennifer Dodd, BSc, DVM, Clinical Associate — 
Anesthesia, Small Animal Clinical Sciences, Veterinary Teaching 
Hospital, Western College of Veterinary Medicine, 52 Campus 
Drive, Saskatoon, Saskatchewan S7N 5B4.
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