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Summary

Acute abdominal emergencies in calves frequently require surgical intervention and high therapeutic
expenditures. The aim of the present study was to assess the prognostic relevance of preoperative plasma
glucose concentrations in a retrospective and prospective study population consisting of 586 and 83 affected
calves, respectively. We found that hypoglycemia, in addition to hyper-L-lactatemia and low age, was associated
with increased mortality risk. Central findings of this study further indicated that hypoglycemia was frequently
associated with intraoperative evidence of a septic process within the abdominal cavity.

Highlights

« Surgical abdominal emergencies in calves are associated with a reserved prognosis.

«  Hypoglycemia was indicative of a poor prognosis and serious intraoperative findings such as peritonitis.

« Consideration of plasma glucose improved the accuracy of a prognosis model based on plasma L-lactate
and age.

- Survival rates of calves aged <7 d and/or with plasma L-lactate >8.8 mmol/L were markedly low.

« If plasma L-lactate was <8.8 mmol/L, surgery was justified when plasma glucose was >4.4 mmol/L (age
7-20d) or =3.3 mmol/L (age =21 d).
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Additive prognostic value of preoperative plasma
glucose concentrations in calves undergoing
abdominal surgery

C.K.Lausch,'® A. Lorch,' S. Giertzuch,' ® A. Rieger,' ® and F. M. Trefz'"**

Abstract: Surgical abdominal emergencies in calves are associated with a guarded prognosis, especially if neonates are affected. Because
hypoglycemia has been associated with sepsis and endotoxemia, this study aimed to assess the prognostic relevance of preoperative
plasma glucose concentrations (GLUC) in calves requiring surgery for an acute abdominal disorder. For this purpose, data from retro-
spective and prospective case series were analyzed, consisting of 586 and 83 hospitalized calves, respectively. The outcomes of calves
were evaluated until hospital discharge (both study populations) and for 3 mo following discharge by a phone call to the farmer (prospec-
tive study population). For the retrospective study population, the overall survival rate was 31.2%. Calves with a negative outcome (NO)
had significantly lower median GLUC (4.3 mmol/L) than calves with a positive outcome (PO; 5.0 mmol/L). The survival rates of calves
with GLUC <2.4 mmol/L and 2.4 to 3.1 mmol/L were 3.6 and 8.3%, respectively. The inclusion of GLUC improved a previous prognostic
model based on plasma L-lactate concentration and age. The resulting analyses indicated that NO was associated with low age (<7 d),
hyper-L-lactatemia (>8.84 mmol/L), and GLUC <4.4 mmol/L (age 7-20 d) and <3.3 mmol/L (age >21 d), respectively. The area under
the receiver operating characteristic curve of this model was 0.79 (95% confidence interval: 0.76-0.83) and the resulting sensitivity and
specificity for NO at the optimal probability cut-point of 0.69 were 66.7 and 85.8%, respectively. For the prospective study population,
the established model had sensitivity and specificity for predicting NO after 3 mo (proportion 24%) of 61.9 and 85%, respectively. In
both study populations, hypoglycemia was significantly associated with intraoperative evidence of a septic process within the abdominal
cavity. The present analyses show that hypoglycemia was highly indicative of a poor prognosis and serious intraoperative findings such
as peritonitis. Determination of GLUC should therefore be part of the diagnostic work-up in calves suffering from an acute abdominal

emergency.

Acute abdominal emergencies in calves frequently require
surgical intervention and high therapeutic expenditures.
These conditions are associated with a grave prognosis, however,
as indicated by reported success rates of 24 to 51% (Iselin et al.,
1997; Mulon and Desrochers, 2005; Lausch et al., 2020). This is-
sue has been attributed to irreversible organ damage due to rapid
disease progression, concomitant complications such as sepsis
and endotoxemia, as well as a high prevalence of peritonitis and
malformations if neonatal calves are affected (Iselin et al., 1997;
Mulon and Desrochers, 2005; Lausch et al., 2019). Consequently,
for economic and animal welfare reasons, there is a need for rapid
and easily detectable biomarkers that allow for an objective and
accurate prediction of the outcome of therapy in affected animals.

In this context, recent studies (Lausch et al., 2019, 2020; Gi-
ertzuch et al., 2020) have focused on the prognostic relevance of
plasma L-lactate concentrations (L-LAC), because measurement of
this metabolite can be easily performed using handheld L-lactate
analyzers such as the Lactate-Pro device (Arkray; Buczinski et al.,
2014). These studies revealed that markedly increased L-LAC is
associated with an increased mortality risk, but that it is not pos-
sible to reliably predict the outcome of affected calves based on
a single, preoperative measurement (Lausch et al., 2019, 2020).
However, a remarkable finding was that survival rates of affected

neonatal calves are low and the predictive accuracy of L-LAC can
be improved when the age of the calf is additionally considered
(Lausch et al., 2019). Furthermore, hyper-L-lactatemia during
the initial postoperative period was shown to be a more reliable
prognostic indicator than hyper-L-lactatemia before initiation of
therapy (Lausch et al., 2020).

Aside from L-LAC, determination of plasma glucose concen-
trations (GLUC) might have utility in predicting the outcome of
affected calves because hypoglycemia was found to be associated
with low survival rates and serious conditions such as peritonitis or
clinical evidence of sepsis in critically ill neonatal calves (Trefz et
al., 2016, 2017). Hypoglycemia was also observed during experi-
mentally induced sepsis or endotoxemia in calves (Constable et al.,
1991a; Kinsbergen et al., 1994a; Ballou et al., 2011), and a recent
study reported a negative correlation between plasma endotoxin
and GLUC in neonatal diarrheic calves (Gomez et al., 2019). Simi-
lar to L-LAC, the availability and validation of glucometers such
as the Freestyle Optium Neo H (Abbott) device allow for calf-side
measurement of blood glucose concentrations (Karapinar et al.,
2020) and could therefore assist in the clinical decision-making
process.

The primary aim of the present study was therefore to assess
the prognostic utility of preoperative GLUC in study populations
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of hospitalized calves with a broad spectrum of acute abdominal
emergencies. A secondary aim was to assess whether consideration
of GLUC improves the accuracy of a previously established model
based on L-LAC and age (Lausch et al., 2019). Based on the results
of previous studies, we hypothesized that low GLUC concentra-
tions in affected animals are associated with a higher mortality risk
and that measurement of GLUC provides additional prognostic
information.

This study is based on analysis of retrospective and prospective
data sets [DS1 and DS2, respectively] that were used in previous
studies focusing on the prognostic utility of pre- and postoperative
L-LAC measurements in calves with surgical abdominal emergen-
cies (Lausch et al., 2019, 2020). Because of a partial overlap of in-
vestigation periods, a subset of calves up to the age of 21 d in both
study populations were part of a much larger data set of 10,060
calves in a previous study on the prevalence, clinical associations,
and prognosis of severe hypoglycemia in neonatal calves (Trefz et
al., 2016).

Both study populations consisted of calves that required surgery
for reasons of an acute abdominal emergency, including cases of
abomasal disorders, gastrointestinal ileus, malformations, or peri-
tonitis. For DS1, the medical records of 587 calves (age <6 mo)
that were admitted to the Clinic for Ruminants with Ambulatory
and Herd Health Services, LMU Munich (Oberschleissheim, Ger-
many) between May 2005 and August 2015 were retrospectively
analyzed. For DS2, a total of 83 calves (age <7 mo) were pro-
spectively enrolled at the same clinic between August 2015 and
December 2016. The latter study was approved by the ethics
committee of the Centre of Veterinary Clinical Medicine, LMU
Munich (permit no. 39-15-01-2015). A decision toward surgical
intervention was made on the basis of typical clinical findings
(including signs of colic, abdominal distension, tensed abdominal
wall, dehydration, scant or absent feces, and a positive right-sided
percussion and succussion auscultation) and was supported by an
ultrasonographic examination if deemed necessary by the respon-
sible clinician. More details regarding inclusion and exclusion
criteria for calves, as well as information about analysis of medical
records, clinical examinations, surgical procedures, and treatment
of calves have been reported previously (Lausch et al., 2019,
2020). For the present analysis, surgery reports were additionally
screened for documented evidence of a septic process within the
abdominal cavity, which was defined as necrosis or perforation of
an organ of the gastrointestinal tract, signs of fibrinous peritonitis,
or severe malodor of the abdominal cavity.

Plasma GLUC concentrations were determined using lithium
heparinized blood samples containing potassium fluoride as a
glycostatic agent. Samples were collected from the jugular vein
on admission to the hospital or in a preoperative situation before
any treatment was administered and were analyzed by means of
automatic systems [Hitachi 911 (2005-2012) and Cobas c311
(2012-2016); Roche Diagnostics] using the hexokinase method.
Hyperglycemia was defined as GLUC as >6.9 mmol/L (Kraft and
Diirr, 1995). Hypoglycemia was defined as GLUC <4.4 mmol/L in
neonates aged <21 d (Kraft and Diirr, 1995; Trefz et al., 2016) and
as <3.5 mmol/L in older calves based on findings from a recent
study (Yu et al., 2019).

Statistical analyses were performed using SPSS for Windows
(version 27.0, IBM Corp.), GraphPad Prism (version 7.01, Graph-
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Pad Software), and the partykit (version 1.1-1) package in R (ver-
sion 3.4.4; https://www.r-project.org/). Values of P < 0.05 were
declared statistically significant. Because most of the data were
not normally distributed based on Shapiro-Wilk tests and visual
examination of quantile-quantile (QQ) plots, data are presented as
medians and interquartile ranges (Q;—Qj3). Differences between 5
defined groups of calves based on intraoperative lesion localization
were assessed using a Kruskal-Wallis test. For subsequent pairwise
comparisons, the Mann-Whitney U-test was used and the level of
significance adjusted using the Bonferroni method (P < 0.005). In
respect to DS1, a positive outcome (PO; survival) was defined as
discharge from the hospital, whereas the group of animals with a
negative outcome (NO; nonsurvival) consisted of calves that died
or were euthanized during hospitalization. For DS2, 2 outcome
definitions were used. The outcome of calves was evaluated until
hospital discharge and after 3 mo following discharge by means of
a phone call to the farmer, as previously described (Lausch et al.,
2020).

Mann-Whitney U-tests were used to compare GLUC between
calves with PO and NO. Comparisons of categorical parameters
between groups were made using a chi-squared test. Also, survival
rates in relation to deciles of GLUC were evaluated (Trefz et al.,
2017). The predictive ability of GLUC was assessed by means
of a receiver operating characteristic (ROC) curve analysis. This
included the calculation of the area under the ROC curve (AUC-
ROC) and the associated 95% confidence interval (95% CI), as
well as the identification of cut-off values that optimized the result-
ing sensitivity and specificity for prediction of a NO on the basis
of the Youden index.

For multivariable modeling of plasma GLUC, L-LAC, and age,
DS1 was used as a learning sample and analyzed using classifica-
tion tree and binary logistic regression analysis, as previously de-
scribed (Lausch et al., 2019). Two final models were built: the first
was based on GLUC and age, and the second additionally included
L-LAC data from Lausch et al. (2019) to assess whether GLUC
provides prognostic information in addition to L-LAC and age.
The predictive abilities of the models were compared by calculat-
ing the AUC-ROC and sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) at the optimal
cut-point identified using the Youden index. Prospective DS2 was
subsequently used as a test sample to assess the predictive utility of
the models until hospital discharge and 3 mo later.

For DS1, information on GLUC was not available for 1 calf;
data for 586 calves were consequently used in the analysis reported
here. The proportion of PO until hospital discharge was 31.2%.
Individual diagnoses and respective survival rates are listed in
Table 1.

Hypoglycemia was present in 194 calves (33.2%), whereas
hyperglycemia was diagnosed in 76 calves (13%). The proportion
of hypoglycemic calves was significantly higher (P < 0.001) in
neonatal calves (age <21 d; prevalence: 57.9%) than in older calves
(prevalence: 18.9%). Calves with a diagnosis of peritonitis had sig-
nificantly (P < 0.001) lower median GLUC (median: 3.7; Q,—Qs:
2.6—4.7 mmol/L; n = 148) than calves with an abomasal disorder
(median: 5.2; Q—Qj3: 4.2-6.3 mmol/L; n = 99) or a problem lo-
cated in the small intestine (median: 4.6; Q,—Qj3: 3.4-5.7 mmol/L;
n = 131), large intestine (median: 4.5; Q;—Qs: 3.6-5.5 mmol/L; n
= 92), and multiple parts of the gastrointestinal tract (median: 5.5;
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Q,—Qs: 4.4-6.9 mmol/L; n = 116). Review of the surgery reports
indicated that 77.8% of hypoglycemic calves had documented
evidence of a septic process within the abdominal cavity compared
with 42.2% calves that presented with normo- or hyperglycemia
(P<0.001).

Calves with NO were also younger (median: 3.4; Q,—Qs:
1.0-8.6 wk) than calves with a PO (median: 6.0; Q,—Q3: 4.0-10.0
wk; P <0.001) and had lower median GLUC (median: 4.3 Q,—Qs:
3.1-5.7 mmol/L) than calves with PO (median: 5.0; Q,—Q;: 4.3-6.0
mmol/L; P <0.001). The survival rates of calves with GLUC <2.4
mmol/L (decile 1) and 2.4 to 3.1 mmol/L (decile 2) were 3.6 and
8.3%, respectively. The AUC-ROC for GLUC as a prognostic in-
dicator was 0.63 (95% CI: 0.59-0.68; P < 0.001), and an identified
cut-point for GLUC <4.3 mmol/L had a sensitivity and specificity
for the prediction of nonsurvival of 49.9 and 76.5%, respectively.

A classification tree analysis based on age and GLUC (model 1)
indicated that nonsurvival was associated with age categories of <7
d and <25 d, respectively. In calves aged 7 to 24 d, mortality was
further associated with GLUC <4.3 mmol/L (Figure 1A). A second
classification tree analysis on the basis of L-LAC, GLUC, and age
(model 2) indicated that nonsurvival was associated with L-LAC
>8.84 mmol/L and age categories of <7 d and <21 d, respectively.
In calves aged 7 to 20 d and >21 d, mortality was further associated
with GLUC <4.4 mmol/L and <3.3 mmol/L, respectively (Figure

1B). The results of subsequent logistic regression analyses with
those categories are shown in Table 2. The AUC-ROC of model 1
(age and GLUC) was 0.72 (95% CI: 0.68—0.76; P < 0.001) and the
resulting sensitivity, specificity, PPV, and NPV for the prediction
of nonsurvival at the optimal probability cut-point of 0.70 were
59.1, 76.0, 84.4, and 45.7%, respectively. The AUC of model 2
(age, GLUC, and L-LAC) was higher than that for model 1 (0.79;
95% CI: 0.76-0.83) and the resulting sensitivity, specificity, PPV,
and NPV at the optimal cut-point of 0.69 were 66.7, 85.8,91.2, and
54.0%, respectively.

At the individual diagnosis level, a significant difference in
GLUC between calves with PO and NO was found only for calves
with small intestinal strangulation, torsion of cecum/colon, and
mesenteric torsion (Table 1). The AUC-ROC for GLUC in those
groups of calves was 0.83 (95% CI: 0.64-1.0, P = 0.049), 0.90
(95% CI: 0.74-1.0, P = 0.037), and 0.68 (95% CI: 0.56-0.80, P
= 0.013), respectively. Respective cut-off values for GLUC were
<4.0 mmol/L in calves with small intestinal strangulation (sensitiv-
ity 71.4%, specificity 100%) and torsion of cecum/colon (sensitiv-
ity 84.6%, specificity 100%) and >6.4 mmol/L in calves with mes-
enteric torsion (sensitivity 63.3%, specificity 87.5%), respectively.

In DS2, hypoglycemia was present in 25 calves (30.1%),
whereas hyperglycemia was diagnosed in 15 calves (18.1%).
The frequency of intraoperative diagnoses was similar to that of

Table 1. Diagnoses, survival rates, age, and plasma glucose concentrations (median and interquartile range, Q,-Qj) stratified by the outcome of therapy in
586 hospitalized calves with acute abdominal emergencies (retrospective study population)

Calves with a positive outcome

Calves with a negative outcome

Age (wk)
Survival Median Glucose (mmol/L) Glucose (mmol/L)

Diagnosis n rate (%) (Q;-Q3) n Median (Q;-Q3) n Median (Q;-Q5) P-value
Abomasum

Right-sided dilatation 54 72 6 (4-10) 39 5.2 (4.6-6.1) 15 5.3(4.1-5.8) 0.56

Abomasal volvulus 39 33 6 (3-10) 13 5.6 (4.3-7.3) 26 4.6 (3.3-6.8) 0.24

Miscellaneous' 6 83 9(7-13) 5 4.9 (3.9-6.8) 1 8.2 (NA?) 0.33
Small intestine

Volvulus 48 44 5(1-9) 21 4.8 (3.9-5.7) 27 3.9(2.8-6.7) 033

Hernial incarceration 21 67 8(2-11) 14 4.6 (3.6-5.6) 7 6.3 (3.2-7.8) 0.40

Impaction 21 33 5(2-16) 7 4.3(3.2-5.9) 14 4.6 (4.0-5.4) 0.80

Strangulation3 18 22 2 (2-4) 4 5.1 (4.4/9.9) 14 3.4(2.6-4.8) 0.046

Intussusception 9 11 2 (2-6) 1 5.4 (NA) 8 3.5(2.4-5.8) 0.67

Malformations 8 0 0(0-1) 0 NA 8 5.6 (4.3-6.7) NA

Dislocation 6 50 6(4-12) 3 5.3 (NA) 3 3.7 (NA) 1.0
Large intestine

Malformations 39 0 0(0-1) 0 NA 39 4.7 (3.6-5.8) NA

Intussusception 21 24 3(2-6) 5 5.4 (3.5-6.1) 16 4.4 (4.0-5.0) 0.45

Torsion of cecum/colon 16 19 4(2-10) 3 4.6 (NA) 13 3.2(2.6-3.8) 0.037

Cecal dilatation 10 40 6 (5-15) 4 5.4 (4.9-6.8) 6 5.0 (4.3-5.9) 0.48

Impaction 6 50 12 (5-17) 3 6.0 (NA) 3 4.9 (NA) 0.70
Multiple parts

Mesenteric torsion 73 33 9(6-11) 24 5.1 (4.4-6.0) 49 6.9 (4.3-9.8) 0.013

Bloat/gas colic* 32 84 6 (4-7) 27 5.3 (4.6-6.6) 5 5.0 (3.8-5.8) 0.31

Paralytic ileus 1 46 8(2-11) 5 5.4 (3.3-6.4) 6 3.7 (2.5-4.2) 0.25
Abdominal cavity

Peritonitis’ 148 3 3(1-8) 5 3.8(3.6-4.5) 143 3.6 (2.6-4.8) 0.54

"Including 3 calves with abomasal impaction and 3 calves with an incarceration of the abomasum in an umbilical hernia.

Not applicable.

3Intestinal strangulations through intraabdominal adhesions, navel structures, or mesenteric defects.
“Characterized by gaseous distension of multiple parts of the gastrointestinal tract.

*Peritonitis was considered to be related to perforated abomasal ulcers (n = 39; of which 30 calves had omental bursitis), intestinal contusion or perforation
(n = 35), infection of intraabdominal umbilical structures (n = 28), intestinal wall necrosis (n = 22), septicemia (n = 21), rupture of the abomasum (n = 2), and

wound dehiscence after previous laparotomy (n = 1).
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Figure 1. Classification trees illustrating the prognostic value of preoperative plasma glucose concentrations in addition to age (A) and in addition to age and
plasma L-lactate concentrations (B) in 586 calves with surgical abdominal emergencies. Ovals and squares represent subsets of the population and indicate
the total number of calves in the subset and the respective actual percentages of these calves with a negative outcome. Lines leaving the ovals illustrate the
partitioning of a subgroup based on a classification variable and its cut-point value that was predictive of mortality in these animals. Branches to the left
indicate subgroups with higher survival rates, whereas branches to the right indicate subgroups with lower survival rates. Figure B modified, with permission,

from Lausch et al. (2019).

Table 2. Multivariable logistic regression models’ for identifying associations between categories of plasma glucose
concentrations and age (model 1) as well as between categories of age and plasma glucose and -lactate concentrations

(model 2) with nonsurvival in 586 calves with acute abdominal emergencies

Variable Coefficient SE Odds ratio (OR)  95% Cl for OR P-value
Model 1
Intercept 0.027 0.125 0.83
Age
<7d 2.894 0.60 18.1 5.6-58.6 <0.001
7to24d 0.712 0.228 2.04 1.30-3.19 0.002
>25d Referent
Glucose
<4.3 mmol/L 0.974 0.210 2.65 1.76-4.0 <0.001
>4.3 mmol/L Referent
Model 2
Intercept —0.349 0.142 0.014
Age
<7d 3.151 0.604 234 7.1-76.4 <0.001
7to20d 0.927 0.259 2.53 1.52-4.20 <0.001
>21d Referent
L-Lactate
>8.84 mmol/L 1.94 0.325 6.97 3.69-13.16 <0.001
<8.84 mmol/L Referent
Glucose
<33 1.857 0.381 6.40 3.03-135 <0.001
3.3to 4.3 mmol/L 0.495 0.244 1.64 1.02-2.65 0.042
>4.4 mmol/L Referent

'Model 1: Hosmer-Lemeshow goodness of fit x* = 5.16, df = 4, P = 0.27; model 2
6.57,df =6, P=0.36.
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DS1 (Lausch et al., 2020). During surgery, 72% of hypoglycemic
calves had evidence of a septic process within the abdominal cav-
ity compared with 34.4% of calves that presented with normo- or
hyperglycemia (P = 0.002). The proportion of calves with PO until
hospital discharge and after 3 mo were 29 and 24%, respectively.
For model 1 (age and GLUC), the sensitivity, specificity, PPV, and
NPV for the prediction of nonsurvival until hospital discharge (and
after 3 mo) at the previously identified probability cut-point of 0.70
were 54.2% (52.4%), 75% (75.0%), 84.2% (86.8%), and 40.0%
(33.3%), respectively. For model 2 (age, GLUC, L-LAC), the val-
ues for sensitivity, specificity, PPV, and NPV for the prediction of
NO until hospital discharge (and after 3 mo) at the probability cut-
point of 0.69 were 62.7% (61.9%), 79.2% (85%), 88.0% (92.9%),
and 46.3% (41.5%), respectively.

Results of this study indicate, therefore, that hypoglycemia is
a relatively common finding in calves with surgical abdominal
emergencies and associated with fatal intraoperative findings and
a markedly increased risk for NO. Furthermore, consideration of
GLUC improved the diagnostic accuracy of a previously estab-
lished model based on L-LAC and age (ROC-AUC: 0.75; Lausch et
al., 2019), as indicated by a slightly higher ROC-AUC of 0.79 with
model 2. Analysis of the prospective data set largely confirmed
the predictive accuracy of the identified factors, which suggests
that they are also a good indicator for NO until 3 mo following
discharge.

Decreased GLUC is a well-known feature of calves that experi-
ence fasting or the feeding of diets that do not meet energy de-
mands (Kinsbergen et al., 1994b; Marcato et al., 2020; Roadknight
et al., 2021). Severity and duration of illness and a concomitant
alteration of milk intake provide an obvious explanation for the
association between hypoglycemia and NO in calves of the pres-
ent study. Furthermore, it needs to be considered that this and our
previous analyses (Lausch et al., 2019, 2020) showed that survival
rates of neonatal calves with acute abdominal disorders are mark-
edly low, which is clearly related to the high prevalence of peri-
tonitis and intestinal malformations such as atresia coli in these
animals. Moreover, in our experience, strangulating disorders are
characterized by a more rapid disease progression in young calves
than in older calves or adult cattle. As in a previous study (Trefz
et al., 2016), the reported association between hypoglycemia and
outcome of therapy might therefore have been confounded by age,
because hypoglycemia was more prevalent in younger calves and
low age was associated with a markedly increased mortality risk.
This issue was addressed, however, by the classification tree analy-
ses, which indicated that determination of preoperative GLUC
provides prognostic information in addition to age.

Analysis of intraoperative findings revealed an association
between hypoglycemia and intraoperative evidence of a septic
process within the abdominal cavity. This finding is in line with ex-
perimental studies in pigs and rats, where a hypoglycemic response
was observed after induction of peritonitis and sepsis by means of
cecal puncture and ligation or intraperitoneal administration of an
Escherichia coli culture (Kazarian et al., 1994; Liao et al., 2013;
Maitra et al., 2000). Previous studies further reported an associa-
tion between hypoglycemia and endotoxemia, sepsis, and systemic
inflammatory response syndrome in critically ill calves (Lofstedt
et al., 1999; Trefz et al., 2016; Gomez et al., 2019). Generalized
peritonitis was also found in 37% of severely hypoglycemic hos-

pitalized neonatal calves (Trefz et al., 2016), and investigations in
adult cattle have shown that septic peritonitis is associated with de-
creased glucose concentrations in peritoneal fluid and an increased
blood-to-peritoneal fluid glucose difference (Wittek et al., 2010).
However, peritonitis in the latter study was not reported to be as-
sociated with decreased GLUC, which might be related to higher
energy reserves and differences in glucose metabolism in adult
cattle compared with suckling calves, which compromised the vast
majority of the present study populations. This assumption is also
supported by observations that acute abdominal disorders in adult
cattle are frequently associated with hyperglycemia (Constable et
al., 1991b; Anderson et al., 1993; Dennison et al., 2002).

At the individual diagnosis level, GLUC was only associated
with NO in calves with small intestinal strangulation, torsion of
cecum/colon, and mesenteric torsion. Interestingly, NO in calves
with mesenteric torsion was associated with increased GLUC.
This condition is characterized by an acute to peracute course with
clinical signs of fulminant colic, abdominal pain, and frequently
cardiovascular shock (Anderson et al., 1993; Rademacher et al.,
1995; Desrochers and Anderson, 2016). Calves are predisposed to
this condition during the weaning period when they still consume
considerable amounts of milk or milk replacer in addition to solid
feed (Rademacher et al., 1995). The association between increased
GLUC and NO in these calves was therefore likely related to a
higher age category (Table 1) and metabolic differences compared
with younger calves, but also probably by a higher degree of stress,
abdominal pain, and dehydration compared with calves with other
disease conditions.

Detection of GLUC alterations in critically ill calves requires
measurement of blood glucose concentrations. This can be easily
performed by means of portable point-of-care glucometers that al-
low for calf-side measurement of GLUC under ambulatory farm
settings. However, it needs to be considered that currently avail-
able glucometers are optimized for human use, which was reported
to result in limited accuracies when applied to cattle (Megahed et
al., 2015; Karapinar et al., 2020). Despite these shortcomings, a re-
cent study in critically ill neonatal calves reported a sensitivity and
specificity for detecting GLUC <3 mmol/L using a human glucom-
eter of 92.7 and 97.4%, respectively (Karapinar et al., 2020). These
findings suggest that currently available glucometers provide test
results that are sufficiently reliable for clinical purposes in calves,
which markedly facilitates the applicability of our findings in the
field.

Although this study provided additional information with re-
spect to prognostic factors in calves with acute abdominal emer-
gencies, it has some limitations that were also considered relevant
in our previous analyses (Lausch et al., 2019, 2020). This included
the preselection of cases that are referred to university teaching
hospitals, the potential impact of euthanasia on the outcome, and
interindividual treatment variations that might be especially rele-
vant for calves in the retrospective DS1. Furthermore, our analyses
are based on a single measurement of GLUC upon admission or
in a preoperative situation. Therefore, it is likely that this single
measurement represents a “snapshot value” that could have been
influenced by external factors, including stress or any pretreatment
activities.

In conclusion, the present analyses demonstrate that marked
hypoglycemia in calves with surgical abdominal emergencies is
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associated with low survival rates and should alert the examiner
to the presence of a septic process within the abdominal cavity.
Our findings indicate that euthanasia should be considered in af-
fected calves <7 d of age or with L-LAC >8.84 mmol/L, or both,
based on observed mortality rates of 96.7 and 89.5%, respectively.
In calves with L-LAC <8.84 mmol/L, GLUC of >4.4 mmol/L (age
7-20 d) and >3.3 mmol/L (age >21 d) were identified as clinically
useful cut-points for a decision toward a surgical treatment trial.
This was supported by observed survival rates of 40.8 and 56.6%
compared with 10.1 and 10.7% in calves below those cut-point
values, respectively.
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