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One-step laparoscopic abomasopexy versus
abomasopexy via right paralumbar fossa to treat left
abomasal displacement in dairy cows?
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ABSTRACT.- Perotta J.H., Dyck H.R., Ollhoff R.D., Lisboa J.A.N., Vieira N. & Barros Filho L.R.
2018. One-step laparoscopic abomasopexy versus abomasopexy via right paralumbar
fossa to treat left abomasal displacement in dairy cows. Pesquisa Veterindria Brasileira
38(6):1068-1076. Departamento de Medicina Veterinaria, Universidade Federal do Paran4, Rua dos
Funciondrios 1540, Juvevé, Curitiba, PR 80035-050, Brazil. E-mail: perotta@ufpr.br

This study aimed to compare the clinical and metabolic results obtained by use of one-step
laparoscopic abomasopexy and right paralumbar fossa abomasopexy for the treatment of left
displaced abomasum in dairy cows. Thirty Holstein-Friesian dairy cows were randomly placed
in two groups: G1, with 15 animals treated by one-step laparoscopic abomasopexy; and G2,
with 15 animals treated by right paralumbar fossa ventral abomasopexy. Concentrations of
sodium, potassium, chloride, bicarbonate, base excess (BE), pH, partial pressure of carbon
dioxide (pCO,) strong ion difference (SID), anion gap (AG), glucose, B-hydroxybutyrate (BHBA)
and non-esterified fatty acids (NEFA) were measured before (M0) and 24 (M1), 48 (M2)
and 72 (M3) hours following surgery. Laparotomy was statistically faster than laparoscopy.
Hypochloremia was observed only in G2 at M0. Hypokalemia and hypocalcemia were observed
in both groups at M0, increasing after surgery. Metabolic alkalosis in both groups before
surgery was characterized by high bicarbonate, pCO,, and BE, which decreased in subsequent
time points, as well as blood pH. Glucose was statistically increased and NEFA and BHBA were
statistically decreased in G2 compared to G1.In G1, NEFA and BHBA decreased significantly
following surgery. Both surgical techniques restored abomasal flow and feed intake in both
groups. Based in acid-base status, one-step laparoscopy showed no additional advantage in
comparison with abomasopexy via right paralumbar fossa.

INDEX TERMS: Laparoscopic abomasopexy, abomasopexy, abomasal displacement, dairy cows,
abomasum, acid-base status, cattle, bovine, minimally invasive, surgery.

RESUMO.- [Abomasopexia por laparoscopia em um passo
em comparacio a abomasopexia via laparotomia pelo
flanco direito no tratamento do deslocamento de abomaso
a esquerda em vacas leiteiras.] Este estudo objetivou
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comparar as técnicas de abomasopexia por laparoscopia em um
passo e abomasopexia por laparotomia pelo flanco direito, no
tratamento do deslocamento de abomaso a esquerda (DAE) em
vacas leiteiras quanto a recuperacdo clinica no p6s-operatorio,
utilizando parametros clinicos, metabdlicos e eletroliticos.
Trinta vacas Holandesas preto e brancas foram distribuidas
de forma aleatodria em dois grupos: G1 com 15 animais
tratados pela técnica de abomasopexia em um passo; e G2,
com 15 animais tratados pela abomasopexia por laparotomia
pelo flanco direito. Foram mensuradas as concentragdes
séricas de sédio, potassio, cloro, bicarbonato, excesso de
base (BE), pH sanguineo, pressdo parcial de gas carbonico
(pCO0,), diferenga de fons fortes (SID), &nion gap AG), glicose,
B-hidroxibutirato (BHBA) e acidos graxos nao esterificados
(NEFA). As variaveis foram mensuradas antes da operacdo e 24,
48 e 72 horas ap6s operacgdo. A laparotomia foi estatisticamente
mais rapida do que a laparoscopia no tratamento do DAE.
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Hipocloremia foi observada somente nas vacas do G2 antes
da cirurgia. Alcalose metaboélica em ambos os grupos antes da
operagao foi caracterizada pelo aumento do bicarbonato, pCO,
e BE, os quais diminuiram significativamente nos momentos
subsequentes, assim como o pH sanguineo. A concentracgdo de
glicose apresentou aumento significativo no G2 em comparagao
ao G1, enquanto o BHBA e o NEFA estavam estatisticamente
diminuidos. Ambas as técnicas restauraram o fluxo abomasal
e o consumo de alimentos em ambos os grupos. Baseado no
equilibrio cido-base, a técnica de laparoscopia ndo demonstrou
vantagens sobre a técnica cirurgica tradicional.

TERMOS DE INDEXACAO: Abomasopexia, laparoscopia, abomasopexia,
laparotomia, abomaso, vacas leiteiras, bovinos, cirurgia, equilibrio
acido-base, minimamente invasiva.

INTRODUCTION

Since first reports of left abomasal displacement (LAD) in
the second half of the past century (Begg 1950, Ford 1950),
this disease has increased in prevalence and importance
worldwide (Van Winden & Kuiper 2003). This disorder more
often affects dairy cattle, such as Holstein-Friesian, Guernsey
and Jersey (Van Winden & Kuiper 2003), one month after
calving, and increases in older cows (Constable et al. 1992).
However, a recent study showed higher incidence in younger
cows (Sexton et al. 2007).

Numerous surgical methods have been used to treat LAD,
each one with advantages and disadvantages (Seeger et al.
2006). The approaches can be classified as invasive and
minimally invasive techniques. Invasive methods include
abomasopexy via right paralumbar (Straiton & Mclntee
1959) or left paralumbar fossa laparotomy (Ames 1968),
left paralumbar (Lagerweij & Numans 1962, 1968) or right
paralumbar fossa omentopexy (Dirksen 1961, 1967) and
right paralumbar fossa pyloro-omentopexy (Bartlett et al.
1995, Baird & Harrison 2001, Camara et al. 2010). Left and
right paralumbar fossa omentopexy are the most accepted
surgical methods due to alow rate of relapse (Biickner 1995).
Blind stich (Hull 1972) and toggle-pin suture (Grymer &
Sterner 1982) are minimally invasive procedures that were
developed as low cost alternatives to more invasive surgical
techniques (Hull 1972, Grymer & Sterner 1982), indicated
for debilitated or less valuable animals (Bartlett et al. 1995).

Janowitz (1998) described a minimally invasive technique
using laparoscopy. However, this procedure is performed
in two steps and the cow is placed in dorsal recumbency,
which is more physically straining for the cow, owner and
veterinarian, besides the risk of aspiration pneumonia, and
trauma (van Leeuwen et al. 2009).

One-step laparoscopic abomasopexy was described in
the last decade and can be performed in dorsal recumbency
(Newman et al. 2005, Babkine et al. 2006) or in standing
position (Barisani 2004, Christiansen 2004). The approaches of
Christiansen (2004) and Barisani (2004) have been extensively
used to treat LAD (Van Leeuwen et al. 2009, Freick et al. 2013),
and rightabomasal displacement (Freick etal. 2013). However,
no randomized controlled trial has been conducted comparing
one-step laparoscopic abomasopexy and abomasopexy or
omentopexy via right paralumbar fossa.

The objective of this study was to compare the efficacy,
clinical outcomes and characteristics achieved of one-step
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laparoscopic abomasopexy and abomasopexy via right
paralumbar fossa laparotomy for the treatment of LAD in
dairy cows, based on clinical assessments, acid-base balance
and metabolic profile.

MATERIALS AND METHODS

The Animal Care and Use Committee of Universidade Federal

do Parana approved this study (protocol number 056/2013).

Thirty Holstein-Friesian cows naturally affected by LAD were used

in this experiment. The animals were from nine high-yielding dairy

farms (higher than 8500 kg/milk/305 days/per cow) from the

municipality of Arapoti (24°09'28”S 49°49°37”0), Parana state, Brazil.
The cows were randomly distributed in two groups:

e Group 1(G1), with 15 cows, which were submitted to one-step
laparoscopic abomasopexy, according to Christiansen
(2004). Mean + SD weight, age and number of lactation of
the cows were 639.47+125.87kg, 4.09+1.33 years old and
2.20+1.08 lactations respectively.

e Group 2 (G2, control group), with 15 cows, which were
submitted to right paralumbar fossa laparotomy and ventral
abomasopexy, according to Baker (1976) as modified by
Vieira. Mean +SD weight, age and number of lactations of
the cows were 618.73+88.55kg, 4.25+1.83 years old and
2.27+1.39 lactations respectively.

The animals were selected from dairy farms with occurrence
of LAD. However, cows with mild or severe lameness in one limb
(phlegmon, deep sole ulcer and fractures), severe endometritis
or severe mastitis with fever, and acute or chronic diarrhea were
excluded from the experiment.

Altogether 34 cows were operated, but four animals were
excluded due complications during postoperative period. All surgical
procedures were undertaken from February to April 2015 under field
conditions, between 08:00 a.m. and 11:00 p.m. The laparoscopies
were performed by one surgeon (JHP) with assistance of two other
surgeons (HRD and IRBF). Right flank abomasopexy was performed
by one experienced surgeon (NV) with assistance of two others
(JHP and HRD).

The diagnosis of LAD was made based in physical examination
(heart and respiratory rates, rectal temperature and number of
rumen contractions per five minutes), historical of drop in milk
production and auscultation with percussion and succussion of left
paralumbar fossa (Dirksen 1961).

Blood samples were taken from the jugular vein before surgery
(M0) and 24 (M1), 48 (M2), and 72 hours (M3) after surgery. Blood
was analyzed for partial pressure of carbon dioxide (pCO,), pH, base
excess (BE), bicarbonate, ionized calcium, glucose and packed cell
volume (PCV) with a CG8+ cartridge (i-STAT® Point of Care, Abbott
Laboratories, Illinois, USA).

Blood samples were centrifuged and serum was separated and
stored at-21°C until further laboratory analysis. Beta-hydroxybutyrate
(BHBA) and non-esterified fatty acids (NEFA) were measured using
a commercial test kit (Randox Laboratories Ltd., County Antrim, UK)
and an automatic analyzer (BS-200 Chemistry Analyzer, Mindray,
Shenzhen, China). Sodium, potassium and chloride ions were
measured using an ion-selective electrode (Dimension, Siemens
Healthcare GmbH, Munich, Germany).

Strong ion difference and anion gap were calculated using
the formulas: SID = (Na*+ K*) - CI' (Constable et al. 2005) and
Anion Gap = (Na*+K") - (CI' + HCO,) (Dibartola 2012).
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Results of physical and laboratory exams before surgery (M0)
and on three consecutive days after surgery (M1, M2 and M3) were
included in the study.

One-step laparoscopy abomasopexy was performed according
to Christiansen (2004), using surgical instruments developed for
this approach (Dr. Fritz GmbH, Tuttlingen-Mohringen, Germany).
The cows were restrained in headgates and the area 15cm ventral
of transverse process and 5cm caudal to the last rib was clipped and
desensitized using 10mL of 2% lidocaine without vasoconstrictor.
An 8.0mm trocar was introduced dorsocaudally after skin incision,
perforating abdominal muscles and peritoneum to introduce the
7.0mm optic probe. An air pump was connected to this device to create
apneumoperitoneum. In another area over the 11th left intercostal
space, after clipping and local anesthesia, a 12mm working channel
was introduced under laparoscopic guidance. The abomasum was
located and perforated next to the great omentum at the great
abomasal curvature by a 5.0mm cannula. The toggle bar suture was
introduced into the abomasum using a rod, and then the viscera
were deflated. The spieker was introduced into the abdomen and
the ventral abdominal wall was perforated. A nylon thread was tied
atthe ventral extremity of the big needle, which was removed from
the abdomen. At this moment, one end of the nylon thread was in
the ventral paramedian region and the other in the left body wall.
The toggle bar suture was tied with nylon thread and the ventral
extremity was pulled, exteriorizing the toggle bar suture, which was
tied using a gauze roll.

The Christiansen (2004) technique was modified in large-framed
cows with weigth 2700 kg, because of the impossibility of tying
the abomasum at the right paramedian side. To accomplish this, a
third access, over the 11th intercostal space, 15cm ventrally of the
second access was used to introduce the working channel and the
spieker. To conduce the toggle bar suture ventrally, first the thread
had to be recovered through the third access, using a hook, since
the thread was in the second portal. Afterwards, the surgery was
completed as described by Christiansen (2004).

Right paralumbar fossa abomasopexy was performed according
to Baker (1976) as modified by Vieira. The right flank was clipped
and anesthetized with 40mL of 2% lidocaine without vasoconstrictor
at the surgery site. The skin, muscles and peritoneum were incised
and the abomasum was located in the leftabdomen. The viscus was
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deflated using a needle attached to a rubber tube. The abomasum
was pulled to the right ventral abdomen and an abomasal fold was
created using the left hand fingers. An “S” shaped needle with cotton
thread was introduced using the right hand from the outside to
the inside of the abdomen, passing through the abomasal fold and
returning to the outside, again passing through the abomasum.
The thread was tied using gauze roll. In both groups, the threads
were removed after one week.

All cows from G2 were treated by intra-abdominal administration
of 5,000,000 IU of benzylpenicillin procaine immediately before
suturing the laparotomy site. Antibiosis continued by intramuscular
administration of 5,000,000 IU of benzylpenicillin procaine immediately
after surgery and until the end of the study in both groups.

Repeated measure ANOVA with two factors (time and treatment)
was used to compare the results. When F was statistically significant,
the Bonferroni test was applied to compare the means. Test results
were considered significant for values of P<0.05. Differences between
surgery duration were evaluated by the ¢ test. The SigmaStat for
Windows 3.1 program (Systat Software Inc., California, USA) was
used for all statistical analyses.

RESULTS

During the study period, 34 cows were operated: 19 by one-step
laparoscopic abomasopexy and 15 by abomasopexy via right
paralumbar fossa. The surgical procedure was successfully
completed in 18 of 19 cows of G1 (94.73%) and in all cows
(100%) of G2. In the one animal in which we were not able to
complete the surgical procedure, one extremity of the toggle
thread remained in the abdominal cavity, preventing abomasal
replacement. In this specific animal, the Barisani (2004)
method was used. Three cows from G1 were excluded, one
due to pylorus obstruction diagnosed 48 h following surgery
and two died 72 h and 120 h after surgery, due to uterine
infection and hemorrhage following abomasal perforation.
Cardiac and respiratory rate, body temperature (data
not shown), packed cell volume and ruminal motility (Fig.1)
did not differ statistically between groups. No statistical
differences in ruminal motility were observed in G2, and in
both groups regarding heart and respiratory rate and body
temperature. Higher ruminal motility was observed at M3
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Fig.1. Mean * standard deviation of packed cell volume and ruminal motility from 30 Holstein cows with left abomasal displacement treated
by one-step laparoscopy (laparoscopy, black circle; n=15) or abomasopexy via right paralumbar fossa (laparotomy; white circle; n=15)
before (0) and during the first three days after surgery. Different capital letters differ between groups (p<0.05). Different small letters
differ between time points inside groups (p<0.05). Dashed lines represent the upper and lower reference values.
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(p=0.039) compared to MO in G1. The cows were slightly
dehydrated before surgery, with packed cell volume decreasing
significantly in both groups at M1 (p<0.008 and p<0.007 for
G1 and G2 respectively), at M2 (p<0.001 for both groups),
and at M3 (p<0.001 for both groups).

Hypochloremia was not observed before surgery in G1,
but mild hypochloremia was observed in G2, and hypokalemia
was noted in both groups (Fig.2). Despite increasing to
reference values following surgery, no statistical differences
between groups and time points inside the groups were
observed for chloremia. Cows from G2 were still hypokalemic
at M1, although potassium increased significantly in both
groups following surgery at M1 (p<0.001) in G1 and at M2
(p<0.001 and p=0.004 for G1 and G2, respectively) and M3
(p<0.001 and p=0.002 for G1 and G2, respectively). However,
no statistical difference was observed between G1 and G2 for
potassium and sodium ions. Sodium concentration remained
in the reference range, but decreased significantly at M1
in G1 (p=0.033) and increased significantly at M2 in G2
(p=0.011) (Fig.2). Ionized calcium did not differ statistically
between groups (Fig.2). The cows from both groups were
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hypocalcemicat MO and M1, increasing at M2 and M3, which
differed significantly from MO in both groups (p<0.001in G1
for both M2 and M3; p=0.002 and p<0.001 in G2 for M2 and
M3, respectively). However, at all time points ionized calcium
concentration remained below reference values.
Bicarbonate and BE were higher in both groups at M0
(Fig.3), indicating metabolic alkalosis, despite normal pH
values. In both groups, bicarbonate concentration (p=0.03,
p=0.045, p=0.045 for M1, M2 and M3 from G1; p=0.05,
p=0.045, p=0.045 for M1, M2 and M3 from G2) and BE
(p=0.02, p=0.09, p=0.05 for M1, M2 and M3 from G1; p=0.03,
p=0.09, p=0.045 for M1, M2 and M3 from G2) decreased
significantly following surgery, but only in G1 bicarbonate
showed physiological values. No statistical difference was
found comparing groups in bicarbonate, blood pH, pCO, and
BE (Fig.3). Partial pressure of carbon dioxide did not differ
significantly between time points in both groups. Data on
pH showed statistically significant decrease in G2 following
surgery at all time points (p=0.02, p=0.07 and p=0.044 for
M1, M2, and M3 respectively) and at M1 (p=0.07) and M2
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Fig.2. Mean # standard deviation of chloride, potassium, sodium, and ionized calcium blood concentrations from 30 Holstein cows with
left abomasal displacement treated by one-step laparoscopy (laparoscopy, black circle; n=15) or abomasopexy via right paralumbar
fossa (laparotomy; white circle; n=15) before (0) and during the first three days after surgery. Different capital letters differ between
groups (p<0.05). Different small letters differ between time points inside groups (p<0.05). Dashed lines represent the upper and lower

reference values.
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Fig.3. Mean #* standard deviation of bicarbonate blood concentration, base excess, blood pH, and partial pressure of carbon dioxide
from 30 Holstein cows with left abomasal displacement treated by one-step laparoscopy (laparoscopy; black circle; n=15) or abomasopexy
via right paralumbar fossa (laparotomy, white circle; n=15) before (0) and during the first three days after surgery. Different capital
letters differ between groups (p<0.05). Different small letters differ between time points inside groups (p<0.05). Dashed lines represent

the upper and lower reference values.

(p=0.07) in G1 (Fig.3). Mild hypercapnia was observed in all
time points in G2 and at M0 in G1.

Anion gap was slightly lower than physiological values at
M1 in G2. Strong ion difference increased at M1 and M2 in
G2, and was higher in G2 compared to G1 at M3 (p=0.033).
Anion gap and SID did not differ significantly between time
points in both groups and AG did not differ significantly
comparing groups (Fig.4).

Glucose was statistically higher in G2 (Fig.5) at all time
points (p=0.08, p=0.02, p=0.08, p=0.04 for M0, M1, M2 and
M3, respectively). Inside groups, only at M1 did glucose differ
statistically, in both groups (p=0.04 and p=0.039 for G1 and
G2, respectively), being greater than the reference value in G2.

Beta-hydroxybutyrate (BHBA) was statistically higher in
G1 compared with G2 at MO (p<0.001), M1 (p=0.003) and M2
(p=0.024), and NEFA was statistically greater in G1 compared
with G2 atall time points (p=0.03, p=0.015, p=0.05, p=0.014 for
MO, M1, M2 and M3 respectively) (Fig.5). Both BHBA and NEFA
were increased at M0, and decreased significantly following
surgery (for BHBA: p=0.019, p<0.001, p<0.001 for M1, M2

Pesq. Vet. Bras. 38(6):1068-1076, junho 2018

and M3, respectively; for NEFA: p=0.02, p<0.001, p<0.001 for
M1, M2 and M3 respectively), until reach physiological values
at M2 and M3 for NEFA and BHBA, respectively (Fig.5). Data
from NEFA in G2 decreased significantly following surgery
(p=0.07, p<0.001 for M1, M2 and M3 respectively).

Mean duration of the surgical procedure (from skin incision to
the end of surgery) was 35.04+11.40 minutes (20 to 60 minutes)
for G1 and 24.67+2.1 minutes (24 to 28 minutes) for G2.
Laparotomy was statistically faster than laparoscopy (p=0.006).

Eleven cows from G1 had concurrent diseases, five (33.34%)
had mild endometritis and six (40%) had mild lameness in
one limb. In this group, one cow (6.67%) was pregnant (seven
months) and two calved twins. In G2, seven cows (46.67%)
had concurrent diseases, five (33.34%) suffered from mild
lameness in one limb and two (13.34%) had mild endometritis.
Seven cows (46.67%) were pregnant during LAD, four with
five and two with seven months. One cow calved twins.

One cow from G1 relapsed one month after surgery.
The animal was operated by right paralumbar fossa laparotomy,
but the abomasum could not be replaced due to adhesions
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and the cow was slaughtered. Third access was performed
successfully in seven (46.67%) cows due to large frame
(weight 2700 kg).

DISCUSSION

The one-step laparoscopic abomasopexy has been used
effectively to treat LAD in farm settings (Barisani 2004,
Christiansen 2004, Gnemmi 2006, Freick etal. 2013), however
all articles describing procedures following Barisani (2004)
and Christiansen (2004) are case studies with no controls
(Van Leeuwen et al. 2009). To our knowledge, this is the
first randomized research report comparing this technique
with another and the first study evaluating the efficacy of
abomasopexy via laparotomy in the right paralumbar fossa.

Obstruction of pylorus was suspected in one cow 48 hours
following surgery, which is the most favorable moment
for diagnosis (Kelton & Fubini 1989). The animal showed
hypokalemia (3.5; 3.4; 2.9; 2.6mmol.L.* for MO, M1, M2 and
M3 respectively), BE (9; 18; 25; 26mmol.L! for M0, M1, M2
and M3 respectively), increased bicarbonate (31.4; 39.3;
48.7; 48mmol.L! for MO, M1, M2 and M3 respectively) and
dehydration (PCV of 24; 21; 24; 29% for MO, M1, M2 and M3
respectively), associated with lack of appetite and absent
feces. These clinical signs are common in pyloric obstruction
(Braun etal. 1990, Van Leeuwen et al. 2009) and early removal
of the toggle suture corrected the obstruction, as reported
previously (Kelton & Fubini 1989, Van Leeuwen etal. 2009).

The approach of Barisani (2004) was attempted in one cow,
but the sharp point of spieker cut off one extremity of toggle
suture, and the abomasum was not replaced. In our experience,
the approach of Barisani showed similar complications during
exteriorization of toggle thread in right ventral paramedian
wall, as described in literature (Van Leeuwen et al. 2009),
reason why the approach of Christiansen (2004) was chosen
for correction of displaced abomasum.

The rupture of abomasum and consequently bleeding was
suspected to be a fall, since the owner reported a previous
episode of slip in free-stall.

Peritonitis was not observed in this study, probably
because all animals were treated with antibiotics, associated
with preoperative antisepsis. Although not necessary
(Van Leeuwen et al. 2009), field conditions and owner
requirements influenced the choice for antibiotic therapy.

The duration of the one-step laparoscopic abomasopexy is
shorter, taking around 15-20 minutes, but some skill is needed
(Christiansen 2004, Van Leeuwen et al. 2009). Abomasopexy via
right paralumbar fossa was significantly faster than one-step
laparoscopic abomasopexy. The difference in operating time
was influenced by the lack of experience of the surgeon who
performed laparoscopy and the lengthy experience (30 years)
of the surgeon who performed laparotomy. The high number of
third access (46.67%) probably further increased surgery time.

The decision to use the third access was based on the
difficulty of reaching the right side of ventral abdomen in
large-framed cows, even though abomasopexy on the left
side demonstrated good results (Van Leeuwen et al. 2009).
This extra approach allowed the abomasopexy in the correct
position.

Cows with LAD developed metabolic alkalosis with
hypochloremia, hypokalemia and increased BE, due to partial
obstruction of the abomasal passage, keeping bicarbonate in
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plasma and chloride ions in the gastrointestinal tract, with
reflux of chloride into the rumen, decreasing absorption.
Concomitantly,a compensatory increase in pCO, occurs in blood
plasma (Braun et al. 1988). Hypokalemia occurred because
H* ions leave the distal tubule cells to titrate bicarbonate,
exchanged by K" ions that enter the cell, resulting in potassium
excretion (DiBartola & Autran De Morais 2012). Sodium
ions are reabsorbed with CI in normochloremic state. But
in hypochloremic states, Na* is reabsorbed with bicarbonate,
maintaining metabolic alkalosis (Monnig 2013).

The usual clinical presentation of cows with LAD was
observed in both groups before surgery, with metabolic alkalosis
(increased bicarbonate and BE), hypokalemia, hypochloremia,
and hypercapnia. All animals improved regarding acid-base
and electrolyte status following surgery, but the treatment
approach did not influence the recovery.

Anion gap (AG) is the difference of unmeasured cations
(UC) and anions (UA), but the discussion about AG is normally
restricted to UA (Constable 2014). This variable is employed
to distinguish between hyperchloremic metabolic acidosis
(normal AG) and normochloremic metabolic acidosis (increased
AG), where protein, ketones bodies and lactate contribute to
increase AG (Monnig 2013). Metabolic alkalosis is associated
with slight increases in AG due to lactic acid production
(Huckabee 1958), but the reviewed literature has meager
information about cows with LAD, and variations in AG in
cows with displaced abomasum are associated with increased
AG (Delgado-Lecaroz et al. 2000) and a marked increase is
associated with death (Garry et al. 1988).

Except for a slight decrease at MO in G2, AG remained
within physiological values. Despite increased ketone bodies
in cows from G1, AG did not increase above the reference
range. The absence of high values for AG could be explained by
rapid diagnosis and treatment, up to 12 h after displacement,
avoiding high production of organic acids, phosphates and
sulfates. But, as for plasmatic proteins, these variables were
not measured.

Cows with LAD show increased SID due to hypochloremia
(Barros Filho 2002), which is accompanied by increased
bicarbonate and BE (Barros Filho 2002, De Morais & Constable
2012). In this study, increased SID was not observed, since mild
hypochloremia was observed only in G2, despite increased
BE and bicarbonate. Increased SID following surgery in G2
suggests hypoalbuminemia due to acute phase response to
inflammation (de Morais & Constable 2012), since acute phase
protein increases following laparotomy (Wittek etal. 2012).

Ketosis is a risk factor for abomasal displacement in
cows (Rohrbach et al. 1999) and increased BHBA and NEFA
have been reported in cows with displaced abomasum, due
to negative energy balance (Rehage et al. 1996). The cows
from G1 showed ketosis because they were mostly in the
postpartum period, with high body score (fatty cows),
which explains the increased BHBA and NEFA. The surgical
intervention decreased BHBA and NEFA near to reference
values, as described in the literature (Rehage et al. 1996),
showing returning food intake.

However, almost half of the cows from G2 were pregnant
(46.67%). These animals had not been in negative energy
balance and consequently in ketosis, as shown by BHBA and
NEFA values. NEFA concentration increases a few days before
parturition (Bertics et al. 1992). High infiltration of NEFA in
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the liver, associated with low carbohydrate concentration,
increases ketone body production (Baird 1982). The animals
from G2 were not in negative energy balance, which may
explain the low NEFA concentration. Glucose concentration
was higher in G2 than in G1, and associated with low NEFA
concentration may explain the low concentration of BHBA.
Nevertheless, NEFA declined significantly following surgery:.
Probably abomasal displacement induced a temporary and
weak fat mobilization, insufficient to increase BHBA, and
reposition of LAD permitted food intake and decrease of NEFA.

Hypocalcemia increases risk of LAD due to impairment
of abomasal motility and consequently gas accumulation
(Massey etal. 1993, Shaver 1997). In this study, hypocalcemia
was observed in both groups before and 24 h following surgery
reinforcing previous findings (Curtis et al. 1983, Massey et al.
1993). Although ionized calcium was below reference values,
data for ionized calcium from healthy cows obtained using
the portable analyzer have had excellent correlation with
reference analyzer data (Peir6 et al. 2010). The data from
this study 48 h after surgery corroborate the findings of
Peiré et al. (2010).

Aportable analyzer was used to measure different variables
with good correlation to the gold standard methods (Peiré et al.
2010, Yildirim et al. 2015). In this study, a portable device was
essential to measure the acid-basis status, since the experiment
was carried out in field settings, without access to another
blood gas analyzer. Thus, this device can be an auxiliary tool
in diagnosis and treatment of displaced abomasum.

Dehydration is frequent in cows with LAD due to abomasal
atony and consequently accumulation of liquid in the
abomasum. Animals with great accumulation of fluid have the
most evident increase in PCV (Poulsen 1974). In the present
experiment, the short period of time between diagnosis
and treatment could explain the mild dehydration found in
animals with LAD. Fluid therapy was not performed in these
animals. Nevertheless, the cows showed rehydration, since
PCV decreased significantly following surgery.

Rehydration, associated with other parameters like
bicarbonate, potassium, chloride and BE, confirm that both
techniques of abomasopexy reestablished gastrointestinal
flow. On the other hand, when these parameters are not
normalized, pylorus obstruction should be considered for
differential diagnosis.

Cows submitted to two-step laparoscopic abomasopexy
typically return to normal milk yield and daily energy intake
faster than cows submitted to omentopexy (Seeger etal. 2006),
but there is no information about the influence of one-step
laparoscopic abomasopexy on these variables. Initially, we
aimed to determine milk yield and daily energy intake, but
the cows remained in free stalls and some dairy farms did
not record individual milk yield during the post-operative
period, so this information could not be recorded.

CONCLUSIONS

The one-step laparoscopic abomasopexy proved to be a
suitable and safe option to treat cows with LAD under field
settings, mostly in cows with general disorders, since dorsal
recumbency is not necessary.

Both techniques reestablished abomasal flow, enabling
recovery of food intake and negative energy balance status.
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This experiment showed no additional advantage of
one-step laparoscopy in comparison to the abomasopexy
via right paralumbar fossa, because both techniques showed
similar postsurgical recovery rates. Further studies are needed
to establish whether one-step laparoscopic influences milk
yield and daily energy intake during the post-operative period.
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