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ABSTRACT

The transition period occurring 2 wk prepartum
through 2 to 4 wk postpartum is the major risk period
in the etiology of left displaced abomasum. The
prepartum depression of intake and the slow postpar-
tum increase in intake are risk factors causing lower
ruminal fill, reduced forage to concentrate ratio, and
increased incidence of other postpartum disorders.
Uncomplicated ketosis, retained placenta, metritis,
and hypocalcemia at parturition are risk factors for
left displaced abomasum. Excessive amounts of con-
centrate during the prepartum period increase the
risk of left displaced abomasum, which may occur
from the lower ruminal fill caused by greater prepar-
tum intake depression and reduced forage to concen-
trate ratio, decreased ruminal motility from lower
ruminal fill and higher volatile fatty acid concentra-
tion, and decreased abomasal motility and emptying
from higher concentrations of volatile fatty acids. Ef-
fects of volatile fatty acids on motility may be exacer-
bated by low ruminal absorption of volatile fatty acids
during the transition period. Minimal intake of con-
centrate during the prepartum period may increase
the risk of left displaced abomasum through failure to
increase the absorptive capacity of the ruminal papil-
lae and failure of the microbial population of the
rumen to adapt prior to the intake of high energy
postpartum diets. Increased risk of left displaced
abomasum in cows that are hypocalcemic at parturi-
tion may be due to decreased ruminal and abomasal
motility.
( Key words: nutrition, displaced abomasum,
peripartum disorders, transition cow)

Abbreviation key: BCS = body condition score, F:C
= forage to concentrate ratio, LDA = left displaced
abomasum, OR = odds ratio.

INTRODUCTION

Abomasal displacements cause economic loss in
dairy herds through treatment costs, premature cull-
ing, lost production, and death. Current treatment
costs range from $100 to $200 per case, and 10% of
the cows that are diagnosed with displaced aboma-
sum are culled or die before the next test day (13).
Treated cows that remain in the herd produce 350 kg
less milk the following month than cows without a
displaced abomasum (13).

Eighty to 90% of all abomasal displacements are
left-sided (21, 27, 34). Estimates of mean yearly
incidence rates for left displaced abomasum ( LDA)
in lactating dairy cows range from 1.4 to 5.8% (7, 8,
12, 15, 22, 24, 25, 27). Incidence rates for individual
herds within these studies ranged from 0 to 21.7%.
Pehrson and Shaver (27) reported a mean incidence
rate for LDA of 5% (0 to 21.7%) from a survey of 71
dairy herds with 5742 cows. Incidence rates ranged
from 1% (0 to 3%) in 34 low incidence (<3% LDA)
herds to 8.7% (3.2% to 21.7%) in 37 high incidence
(>3% LDA) herds. Jordan and Fourdraine (22)
reported a mean incidence rate for LDA of 3.3% (0 to
14%) from a survey of 61 high producing dairy herds
(244 cows per herd) averaging 11,096 kg of milk per
lactation.

Nutrition has been implicated as a major risk fac-
tor in the etiology of LDA (5) . This review evaluates
nutritional risk factors in the etiology of LDA and
discusses feeding and management practices for its
prevention. For a recent review of nonnutritional risk
factors in the etiology of LDA, refer to the publication
by Geishauser (17).

TRANSITION PERIOD

Eighty to 90% of LDA are diagnosed within 1 mo
postpartum (4, 15, 27, 28, 34); of those, the propor-
tion of LDA that are diagnosed within 2 wk postpar-
tum is estimated to be 52% (34), 56% (15), 57% (4) ,
and 86% (28). This transition period, from 2 wk
prepartum through 2 to 4 wk postpartum, is the
major risk period in the etiology of LDA. The transi-
tion period is characterized by prepartum intake
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depression (2) , followed by a slow increase in post-
partum intake (23). Low feed consumption during
the transition period is a risk factor for LDA through
lower ruminal fill, reduced forage to concentrate ratio
( F:C) in herds that are not fed TMR, and increased
incidence of other postpartum disorders. Low ruminal
fill may provide greater opportunity for migration of
the abomasum (4) . Reduced F:C results from the
overconsumption of concentrate relative to forage and
contributes to lower ruminal fill. The decline of DMI
is about 35% over the final week prepartum, which
causes increased concentrations of liver triglycerides
immediately postpartum (2) . Concurrent postpartum
disorders have been implicated as risk factors for
LDA (4) .

Postpartum Disorders

Curtis et al. ( 8 ) reported that cows with uncompli-
cated ketosis were at increased risk [odds ratio ( OR)
= 11.9)] for LDA. Cows with retained placenta [(24);
OR = 6.8] or metritis (7, 24); OR = 43.7 and 4.7,
respectively] were also at increased risk for LDA.
Massey et al. (25) reported that cows that were
hypocalcemic at parturition (total serum calcium
<7.9 mg/dl) were at increased risk (OR = 4.9) for
LDA. This result suggests that feeding and manage-
ment practices that prevent other postpartum disord-
ers reduce the risk of LDA.

Conversely, LDA has been found to increase the
risk of other postpartum disorders. Cows with LDA
are at increased risk for complicated ketosis (8, 24;
OR = 53.5 and 50.4, respectively) and metritis (8; OR
= 3.6). Thus, feeding and management practices that
prevent LDA reduces the incidence of some other
postpartum disorders. Incidence of ketosis and LDA
are closely related postpartum disorders.

Body Condition Score

Cows with excess body condition score ( BCS) at
parturition are at increased risk for LDA (12); inci-
dence rates for cows (n = 1401 in 95 commercial dairy
herds) with low (2.75 to 3.25; thin), medium (3.25 to
4), and high ( ≥4; obese) BCS at parturition were 3.1,
6.3, and 8.2%, respectively. The increased incidence
rate for cows with high BCS may be related to in-
creased ketosis and fatty liver, greater prepartum
intake depression, and slower increases in postpar-
tum intake for cows that are overconditioned at par-
turition.

Cows with excess BCS at parturition are at in-
creased risk of ketosis (12); incidence rates for cows
with low, medium, and high BCS at parturition were

8.9, 11.5, and 15.7%, respectively. The higher inci-
dence of ketosis in cows with greater BCS at parturi-
tion may have predisposed those cows to the higher
observed incidence of LDA. Further, cows with higher
prepartum plasma NEFA concentrations were at in-
creased risk of LDA; incidence rates for cows with
low, medium, and high NEFA concentrations were
3.6, 5.9, and 10.2%, respectively (12).

Cows with low DMI at d 1 prepartum have reduced
DMI at d 21 postpartum (20). There are few data
concerning the relationship between BCS and prepar-
tum intake depression, but reports (14, 36) support
the premise that overconditioned cows have greater
depression of prepartum intake. Emery (14) summa-
rized feed intake data from the dry period of 20
multiparous cows and found DMI of 1.5 and 2.0% of
BW for cows with high (>3.6) and low ( ≤3.6) BCS,
respectively.

Garnsworthy and Topps (16) fed cows to a BCS
(adjusted to a five-point scale, where 1 = thin to 5 =
obese) at parturition of 2 to 3 (low), 3 to 4 (medi-
um), and 4 to 5 (high) in two trials. During the first
16 wk postpartum, cows with higher BCS at parturi-
tion consumed less DM and reached maximum DMI
later. Similar results were reported by Treacher et al.
(32) using two groups of cows with BCS at parturi-
tion of 3 and 5.

Lead Feeding

Lead feeding, the practice of increasing concen-
trates during the last 2 to 3 wk prior to parturition, is
a common practice on commercial dairies (30). Evi-
dence is limited that this practice reduces postpartum
disorders.

Curtis et al. ( 8 ) reported that cows that were lead
fed energy and protein were at lower risk of LDA (OR
= 0.3 to 0.4) and ketosis (OR = 0.2 to 0.8), respec-
tively. However, Correa et al. ( 7 ) reported that cows
that were lead fed concentrates were at increased risk
of LDA (OR = 4.4) and milk fever (OR = 2.4).
Differences in level of lead feeding between studies
may explain the conflicting results; Correa et al. ( 7 )
suggested that diets administered as part of the lead-
feeding programs they surveyed had higher energy
and calcium concentrations than recommended.

A retrospective case survey of 30 low incidence
herds and 30 high incidence herds for LDA noted that
higher grain amounts had been fed 4 to 6 wk prepar-
tum in the high incidence herds (28). Because no
within-herd correlation was found between energy
and incidence of LDA, this relationship could have
been coincidental rather than cause and effect.
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Coppock et al. ( 6 ) fed TMR containing 75, 60, 45,
and 30% forage (DM basis) to 40 Holstein cows from
4 wk prepartum through 4 wk postpartum. No LDA
was observed in cows fed the high forage diet. Inci-
dence rates for LDA in cows fed the 60, 45, and 30%
forage diets were 16.7, 40, and 36%, respectively. This
study involved an abrupt switch to TMR, with higher
percentages of concentrate at 4 wk prepartum, rather
than a gradual increase in the amount of concentrate
fed during the last few weeks prior to calving. This
abrupt dietary switch may have aggravated the LDA
response to higher concentrate feeding, but reflects
lead feeding practices for commercial dairy herds fed
TMR (30). It was impossible to separate effects of
lead feeding from effects of high postpartum concen-
trate feeding in this study because the same TMR
were fed prepartum and postpartum. However,
prepartum lead feeding was probably a factor in the
high incidence of LDA because the earliest LDA were
diagnosed 3 d postpartum (mean = 10.6 d; range = 3
to 25 d). Mean DMI during the prepartum period was
not affected by treatment, but DMI at parturition was
highest for the high forage diet (1.6 vs. 1.2% of BW),
and prepartum intake depression increased as the
percentage of concentrate increased. This result may
partially explain the high incidence of LDA observed
in this study.

For herds that are not fed TMR, high amounts of
concentrates may result in very low prepartum F:C.
Coppock et al. ( 6 ) defined lead feeding as the practice
of increasing the amount of concentrate fed over the 2
to 3 wk prior to parturition to 1 to 1.5% of BW. With a
total DMI of 1.25% of BW at 1 d prior to parturition
(2) , dietary concentrate at 1% of BW would result in
a 20:80 F:C. This ratio assumes that the concentrates
offered are consumed at the expense of forage DM. A
guideline for prepartum concentrate lead feeding of
0.5 to 0.75% of BW restricts F:C between 60:40 and
40:60 after acknowledging prepartum intake depres-
sion.

The increased risk of LDA from excessive amounts
of concentrates fed 2 to 4 wk prior to parturition may
be related to lower ruminal fill from greater prepar-
tum intake depression and reduced F:C, decreased
ruminal motility from lower ruminal fill (35) and
higher VFA concentration (18), and decreased
abomasal motility and emptying from higher VFA
concentration (3, 19). Effects of VFA on motility may
be exacerbated by low absorption of VFA during the
transition period (11).

Dirksen et al. (11) reported that the cross-
sectional area of ruminal papillae declined when cows
were placed on a low energy dry cow diet; the lowest
point was attained 1 to 2 wk prior to parturition. The
cross-sectional area of ruminal papillae increased

gradually after cows were placed on a high energy
lactation diet starting 2 wk prior to parturition, but
area was not maximized until 6 to 8 wk postpartum.
This result suggests that the capacity for ruminal
VFA absorption is lowest during the transition period.
In support of this conclusion, an absorption experi-
ment (11) showed that relative VFA absorption of
cows was higher after a high energy diet was fed than
after a low energy diet (100 vs. 30 and 46%) was fed.

Minimal lead feeding may increase the risk of aci-
dosis and LDA through a failure to increase the ab-
sorptive capacity of the ruminal papillae prior to the
intake of high energy postpartum diets. Prepartum
adaptation of the microbial population in the rumen
prior to the intake of high energy postpartum diets
may also be important. Further, lead feeding of con-
centrate during the prepartum period may increase
energy intake of cows and reduce fatty acid mobiliza-
tion from adipose tissue, which may reduce the inci-
dence of fatty liver and ketosis (2) .

The practice of lead feeding is equivocal. Intake of
excessive or minimal amounts of dietary concentrates
prepartum may increase the risk of LDA. More
research is needed on lead feeding strategies. Until
more data are available, a recommendation for
prepartum concentrate lead feeding of 0.5% of BW
with an upper limit of 0.75% of BW appears to be
reasonable.

Postpartum Concentrate Feeding

Because of the slow increase in intake during the
postpartum period (23), very low F:C may occur in
herds that are not fed TMR. Using DMI for wk 1
through 4 postpartum of 16.6, 19.3, 21.1, and 22.3 kg/
d [(23); multiparous cows] and assuming that the
amount of concentrate formulated for wk 4 with 50:50
F:C is fed during early lactation, the F:C for wk 1, 2,
and 3 are 30:70, 40:60, and 45:55, respectively. These
rations assume that the concentrates offered are con-
sumed at the expense of forage DM.

It is recommended that concentrates be held to the
lead feeding amount for 3 to 4 d following parturition.
Concentrate DM can then be increased at the rate of
0.20 to 0.25 kg/d until peak lactation is reached.
Concentrates should be fed at least three to four
times daily. Feeding a TMR to control F:C is recom-
mended. A transition group TMR for early postpar-
tum cows is also recommended.

Hypocalcemia

From a study of 510 Holstein cows in a commercial
dairy herd, Massey et al. (25) reported that cows that
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were hypocalcemic at parturition (total serum cal-
cium < 7.9 mg/dl and serum-ionized calcium < 4.0 mg/
dl) were at increased risk (OR = 4.9) of LDA. Using
i.v. infusions of sodium EDTA to induce hypocalcemia
in cows and ewes, Daniel ( 9 ) observed reduced rumi-
nal and abomasal motility. That result may explain
why cows that are hypocalcemic at parturition are at
increased risk of LDA. Strategies to prevent
hypocalcemia at parturition, such as formulation of
prepartum diets for dietary cation-anion difference,
may be useful for the prevention of LDA.

RATION PHYSICAL FORM

Dawson et al. (10) reported that cows fed ground
alfalfa hay (0.64-cm hammer mill screen) and con-
centrate in a pelleted (0.48 cm) experimental TMR
starting at parturition were at higher risk for LDA
(17.4 vs. 1.6%; OR = 10.8) than were cows fed the
standard herd ration of sorghum silage (1.27-cm the-
oretical length of cut) and concentrate mixed plus
loose alfalfa hay. Cows that developed LDA were
diagnosed within 8 to 18 d postpartum.

These results demonstrate that an extreme altera-
tion in ration physical form (pelleted TMR) during
the early postpartum period increases the incidence of
LDA. Data are lacking with regard to the impact on
the incidence of LDA of variations of the physical
form of silage and TMR within typical field ranges.
Shaver (29) recommended that haycrop silages be
chopped to contain 15 to 20% of the particles (weight
basis) over 4 cm long, but this recommendation was
based solely on milk fat test considerations.

Research is needed to determine the critical physi-
cal form of the forage and TMR for preventing LDA.
The lack of physical form reduces chewing activity (1,
31), ruminal fill (31), motility (1, 35), and fiber mat
formation (33) and increases ruminal VFA concen-
tration (31), all of which may affect the etiology of
LDA (21). The importance of physical form as a risk
factor for LDA is likely to be greatest during the early
postpartum period because of the physiologic and
metabolic changes in the transition period.

DRY COW FORAGE PROGRAM

A myriad of forage programs are used for dry cows
on commercial dairies, but data are limited regarding
their impact on the incidence of LDA. Zamet et al.
(36) reported LDA incidence rates of 3.5, 10, and 10%
for dry cow forage programs of chopped hay, haycrop
silage, and corn silage. Nocek et al. (26) evaluated
dry cow forage programs consisting of long hay, 50%
long hay and 50% corn silage (DM basis), and corn
silage DM restricted to 1% of BW plus 1.1 kg of liquid
protein supplement/d per cow. Incidence rates for

LDA were 3.0, 4.3, and 6.3% for hay, hay and corn
silage, and corn silage, respectively. Incidence rates
for ketosis were highest for hay (9.1% vs. 6.3 to
6.4%). The higher incidence of LDA for corn silage
may have been due to low ruminal fill being related to
restricted amounts of dietary energy and lack of phys-
ical form. The higher incidence of ketosis for hay may
have been due to lack of dietary energy. The lowest
incidence of LDA plus ketosis was observed for hay
and corn silage (10.6% vs. 12.1 to 12.7%). Rations of
all corn silage should not be fed to dry cows. If cows
are fed restricted amounts, ruminal fill may not be
sufficient to prevent LDA, but excess energy con-
sumption may cause overconditioning and associated
metabolic disorders. However, the controlled use of
corn silage as a component of forage programs for dry
cows may be beneficial.

BUNK MANAGEMENT

Feed bunk management is a risk factor for LDA
through effects on feed consumption and actual
nutrient densities of the consumed ration. Inadequate
bunk space and high competition at the feed bunk
may limit feed intake. Also, restricted bunk access
time and feed availability may limit intake. Poor
environmental and social adaptation of transition
cows may limit feed intake. Low feed intake may
lower ruminal fill, providing a greater opportunity for
migration of the abomasum (4) . The importance of
bunk management practices that limit feed intake in
the etiology of LDA is likely to be greatest during the
early postpartum period, because of the coinciding
events of the transition period. The TMR mixing
process can alter the actual nutrient densities of the
consumed ration relative to nutrient specifications of
the formulated ration. Sorting of the TMR in the feed
bunk can also cause this problem. Fiber densities of
the consumed ration may result that are below mini-
mum recommended allowances. Excess TMR mixing
may grind coarse particles and cause a lack of fiber
physical form.

CONCLUSIONS

Because of low feed consumption, the transition
period is the major risk period in the etiology of LDA.
Feeding and management practices that prevent
other postpartum disorders reduce the risk of LDA.
Ketosis and LDA are closely related postpartum dis-
orders, and cows that have excess BCS at parturition
are at increased risk of ketosis and LDA.

Both excessive and minimal amounts of dietary
concentrates during the prepartum period may in-
crease the risk of LDA. More research is needed on
lead feeding strategies. Prepartum concentrate lead
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feeding of 0.5% of BW with an upper limit of 0.75% of
BW is recommended. For herds that are not fed TMR,
postpartum concentrate DM can be increased at the
rate of 0.20 to 0.25 kg/d until peak concentrate in-
takes are reached; concentrates should be fed at least
three to four times daily. A TMR that has been formu-
lated to control F:C and to consider nutritional needs
of early postpartum cows is recommended.

There is increased risk of LDA in hypocalcemic
cows at parturition, suggesting a role for the formula-
tion of prepartum diets for dietary cation-anion differ-
ence in the prevention of LDA. Although a pelleted
TMR increased the incidence of LDA, research is
needed to determine the critical forage and TMR
physical form for preventing LDA. Rations composed
entirely of corn silage should not be fed to dry cows.
Feed bunk management is an important risk factor
for LDA that should be monitored closely on commer-
cial dairies.
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