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The study evaluated blood acid base, gas alterations and electrolyte changes in twenty bovines with 
chronic traumatic reticuloperitonitis (TRP). Blood samples were collected by jugular venepuncture 
for blood gas and electrolyte analysis. The mean values of blood pH, partial pressure of carbon diox-
ide (pCO2), actual bicarbonate (HCO3), standard bicarbonate (SBC), actual base excess (ABE), stan-
dard base excess (SBE) and rumen chloride were higher than reference range values while potassium 
and chloride were lower. The mean sodium and anion gap were within the normal reference ranges. 
The consistent blood gas finding was primary metabolic alkalosis with compensatory respiratory aci-
dosis except for two cases. The consistent electrolyte alterations were hypochloremia and hypo-
kalemia. All of these modifications need to be considered during the treatment of chronic TRP cases. 
Blood gas analysis, along with other diagnostic tests may help in assessing the metabolic and respira-
tory status of TRP cases and guide appropriate treatment strategies. 
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Traumatic reticuloperitonitis (TRP) is one 
of the most common gastrointestinal 
causes of morbidity and mortality in cattle 
and buffaloes and the disease is a major 
concern to the veterinarians. Although the 
incidence of TRP has decreased over the 
last two decades, the clinical implications 
are unchanged. The most frequent cause 
of TRP is the accidental ingestion of metal 
items like nails or wires that perforate the 

reticulum (Constable et al., 2017; Francoz 
& Guard, 2019). The perforation of re-
ticulum may result in localised peritonitis, 
which occasionally involves adjacent or-
gans, and in severe cases, generalised 
peritonitis. Several works have reported 
the clinical manifestations of TRP (Abde-
laal & Floeck, 2015; Constable et al., 
2017; Francoz & Guard, 2019). Anorexia, 
decreased milk production, fever, ruminal 
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atony and tympany, abdominal pain, 
arched back, abdominal guarding, and 
tense abdomen are common symptoms of 
acute illness. On the other hand, the clini-
cal symptoms in chronic disease are fre-
quently less noticeable. Acute TRP is 
thought to be characterised by a brief au-
dible grunt, which may occur spontane-
ously in response to reticular contractions 
or posture changes like lying down and 
standing up (Constable et al., 2017). The 
cases which are presented to the veteri-
narians are usually of chronic nature and 
the typical clinical signs of TRP are not 
observed in such cases. 

The clinical findings, laboratory re-
sults, radiographic and ultrasonographic 
findings of TRP have been documented in 
textbooks (Constable et al., 2017; Francoz 
& Guard, 2019) as well as scientific litera-
ture (Abdelaal & Floeck, 2015; Braun et 
al., 2018). Recently, the frequency of 
positive reactions to foreign body tests 
which foreign body test evoked the most 
positive answers have been described in 
503 cattle with TRP, in addition to clini-
cal and laboratory findings (Braun et al., 
2018). The electrolyte and acid-base dis-
turbances in bovines are caused by vari-
ous disorders of the digestive transit and 
the severe inflammatory conditions (Hus-
sain et al., 2015; Constable et al., 2017; 
Hussain et al., 2022). Although blood gas 
alterations in bovine traumatic pericarditis 
have been reported (Hussain et al., 2018), 
information on blood gas alterations in 
TRP, especially chronic TRP is still lack-
ing in literature. The present study was 
conducted to determine the blood acid 
base and gas alterations in bovines with 
chronic TRP. 

This prospective study was performed 
with 20 bovines (13 buffaloes and 7 cat-
tle)  diagnosed with chronic TRP, which 
meant that the clinical signs were attribut-

able to chronic TRP and not another con-
comitant disease or disorder. All the ani-
mals were greater than two years of age 
and had been admitted to the Large Ani-
mal Clinics of Guru Angad Dev Veteri-
nary and Animal Sciences University, 
Punjab, India. The diagnosis of chronic 
TRP was based on the results of clinical 
examination, ultrasonography, radiogra-
phy, and/or surgery or postmortem exami-
nation. TRP was diagnosed based on ra-
diographic evidence of a foreign body that 
penetrated or perforated the reticular wall 
and on ultrasonographic changes of the 
reticular wall. Ultrasonography showed 
fibrin deposition in the perireticular area, 
increased thickness of reticular wall, de-
crease in the amplitude of reticular con-
tractions and/or reduced or absent reticu-
lar motility. In all animals, the diagnosis 
of chronic TRP was based on more than 
one criterion. Blood samples for blood gas 
analysis were collected in heparinised 
syringes (1:1000)from the jugular vein 
after proper restraint of the animals. 
Blood gas analysis was carried out by 
RADIOMETER ABL 77 SERIES (ABL 
77 v1.41, Analyser), within 5 minutes of 
collection (Hussain & Uppal, 2014). It 
was assured that atmospheric air did not 
enter the blood samples used for blood 
gas analysis. For electrolyte estimations, 
blood samples were collected in antico-
agulant coated vials. Plasma was sepa-
rated and transferred to a dry clean vial 
for storage at –20 °C till further evalua-
tion. VITROS DT-II Chemistry system 
(Ortho-Clinical Diagnostics, Johnson and 
Johnson Company) was used for estima-
tion of sodium, potassium and chloride. 
Anion gap was calculated by subtracting 
the sum of major anions (bicarbonate and 
chloride) from the sum of major cations 
(sodium and potassium). Rumen fluid 
samples obtained by a previously de-
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scribed procedure (Hussain et al., 2015) 
were evaluated for chloride concentration. 
Rumen chloride was estimated with the 
help of Bayer’s diagnostic kits (colorimet-
ric method) by using Microlab Autoana-
lyser (Merck). The data were presented as 
mean ± S.E.M and mean values were 
compared with the reference range (Ka-
neko et al., 2008) for each parameter. The 
percentage of animals with abnormal val-
ues for each parameter is presented.   

The mean values of the blood acid 
base gas parameters and electrolytes in 
bovines with chronic TRP along with the 
proportion of animals with abnormal val-
ues are presented in Table 1. The mean 
blood pH was higher than the reference 
interval indicating alkalosis. Similarly, the 
mean value of pCO2 was higher than ref-
erence interval, indicating respiratory aci-
dosis. The mean standard base excess 
(SBE) was greater than the reference 
range indicating metabolic alkalosis. SBE 
is a measure of the non-respiratory com-
ponent of the acid-base balance, and a 

higher value suggests excess base in the 
blood. The overall imbalance was primary 
metabolic alkalosis with compensatory 
respiratory acidosis. The interpretation 
would have been the same as it was 
whether the metabolic component of acid 
base balance had been evaluated on the 
basis of HCO3, standard bicarbonate 
(SBC), or actual base excess (ABE). So, 
under clinical situations, any of these 
measures can be used in order to interpret 
the metabolic component of the acid-base 
balance in chronic TRP. The mean anion 
gap was within the normal reference in-
terval. The mean sodium concentration 
was within normal reference range and the 
mean potassium concentration was lower 
(Table 1). The chloride levels were below 
the normal range in the majority of ani-
mals. The mean rumen chloride concen-
tration was increased as compared to the 
reference range.  

The acid base balance is a highly inte-
grated process in the body of an individ-
ual or animal in which certain variables 

 
Table 1. Blood acid base gas parameters and electrolytes in 20 bovines with chronic traumatic  
reticuloperitonitis 

Percentage of animals with 
abnormal values 

 
Chronic traumatic  
reticuloperitonitis 

Reference 
values* 

Increased Decreased 

pH 7.490 ± 0.018 7.327.44 75 10 
pCO2 (mmHg) 47.05±1.85 3544 55 20 
HCO3 (mmol/L) 35.81±2.56 2030 70 10 
SBC (mmol/L) 34.61 ±2.04  70 10 
ABE (mmol/L) 13.53 ± 2.56  4 to +4 70 10 
SBE (mmol/L) 9.79 ± 1.70  70 10 
Anion gap (mmol/L) 16.42 ± 3.06 1420 35 40 
Sodium (mmol/L) 133.55 ± 2.21 132152   5 45 
Potassium (mmol/L) 3.84 ± 0.34 3.95.8 10 70 
Chloride (mmol/L) 85.15 ± 3.64 97111   5 70 
Rumen chloride (mmol/L) 37.62 ± 2.12 <25 80  

*Kaneko et al. (2008); pCO2: partial pressure of carbon dioxide, HCO3: actual bicarbonate, SBC: 
standard bicarbonate, ABE: actual base excess, SBE: standard base excess. 
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notably pH, partial pressure of carbon 
dioxide (pCO2) and bicarbonate (HCO3) 
are controlled. Acid-base disorders are of 
important concern and should be under-
stood since changes in acid-base balance 
are often the first signs of many diseases, 
and small variations in blood pH can af-
fect how cells function in the body. Keep-
ing in view the vitality of acid base disor-
ders, the components of acid base balance 
should be interpreted cautiously. In this 
study, the acid base imbalances were 
evaluated using the recommendations of 
Haskens (1977) based on blood pH, 
pCO2, and standard base excess (SBE). 
With the exception of base excess, which 
was interpreted in accordance with 
Haskens (1977), the normal intervals for 
the interpretation of the other parameters 
were taken as per Kaneko et al. (2008). It 
is important to note that the interpretation 
and management of acid-base disorders 
can be complex, and they require a thor-
ough understanding of the patient’s medi-
cal history, clinical context, and other 
laboratory values. Therefore, any diagno-
sis and treatment decisions should be on 
individual rather than group basis.  

With primary acid base imbalances, 
bicarbonate and pCO2 have been reported 
to deviate in the same direction, and in 
patients with acid base imbalances, a nor-
mal pH indicated a mixed acid base dis-
turbance (Kaneko et al., 2008). In present 
study, two cases showed mixed acid base 
disturbance while another two cases had 
primary metabolic acidosis with hyper-
kalemia. The metabolic acidosis in these 
advanced cases may be attributed to prob-
able paradoxical aciduria (Constable et 
al., 2017). 

The Stewart theory defines alkalosis as 
an increase in strong ion difference, a 
drop in pCO2, and a decrease in non-
volatile weak acid buffers like proteins 

and phosphorus (Lallemand, 2014). Over-
all, our findings demonstrated that since 
SBE was greater than reference range, 
animals with chronic TRP have an acid 
base equilibrium that tends to alkalosis. 
This is mostly connected to the digestive 
system’s sequestration of chloride (Cl) 
and hydrogen (H+) ions. As the strong ion 
difference decreases due to decrease in 
chloride concentration, metabolic alkalo-
sis results. Anion gap greater than or 
equal to 30 mmol/L and serum chloride 
concentration <80 mmol/L have been as-
sociated with a low survival rate in cattle 
with abomasal volvulus (Garry et al., 
1988). In present study only three animals 
had anion gap >30 mmol/L, out of which 
two died and one survived.  A larger sam-
ple size however is needed for better in-
terpretation. 

On individual basis, 45% of animals 
were hyponatremic and 70% of animals 
were hypokalemic. Hypokalemia in the 
present study could be attributed to multi-
ple causes. First, ruminant diet is a rich 
source of potassium and chronic anorexia 
or inappetance due to chronic TRP could 
have caused fall in plasma potassium. 
Second, hypokalemia could be attributed 
to intracellular shift of potassium subse-
quent to metabolic alkalosis or may be 
due to urinary loss of potassium (Ward et 
al., 1993). The fall in chloride levels 
might be attributed to higher concentra-
tion of bicarbonate ion in plasma, which 
could have increased the secretion and 
excretion of chloride with urine (Kuiper & 
Breukink, 1986). The low chloride level 
has also been related to anorexia, dehy-
dration and decreased rumeno-reticular 
motility (Constable et al., 2017). Hy-
pochloremia may also be attributed to 
chloride retention in rumen contents evi-
denced by increased rumen chloride con-
centration in present study.  
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In the present study the overall meta-
bolic derangement, i.e. hypochloremic 
hypokalemic metabolic alkalosis, may be 
attributed to abomasal reflux proved by 
increased rumen chloride concentration. 
The abomasal reflux in the present study 
may be attributed to presence of reticular 
adhesions affecting rumeno-reticular mo-
tility and outflow of ingesta or generalised 
ileus due to peritonitis. Cnsequently to 
abomasal reflux, the addition of abomasal 
fluid into the rumen along with retention 
of saliva in rumen usually makes the ru-
men contents more watery. This fluid is 
then not exchanged with extracellular 
fluid of the body resulting in functional 
loss of large quantities of H+ and Cl ions 
and hypochloremic alkalosis. Further, the 
digestive ileus, which occurs in chronic 
TRP after fibrin and exudate buildup in 
the peritoneal cavity (Constable et al., 
2017), reduces Cl and H+ generation and 
causes these ions to be trapped in the 
abomasum, which accounts for the re-
duced ions concentration seen in chronic 
TRP. Additionally, the chronic anorexia 
decreases the supply and absorption of 
electrolytes, resulting in hyponatremia, 
hypokalemia, and hypocalcemia (Consta-
ble et al., 2017; Hussain et al., 2022). 

Hypochloremic, hypokalemic meta-
bolic alkalosis with a compensatory respi-
ratory acidosis has been previously re-
ported in bovines with many diseases like 
jejunal haemorrhage syndrome, intestinal 
obstruction, caecal dilatation, diseases of 
abomasum, vagal indigestion, peritonitis, 
late pregnancy indigestion, intussuscep-
tion and toxaemias (Abutarbush et al., 
2004; Hussain et al., 2014; 2015; Consta-
ble et al., 2017; Bhutia et al., 2019). 
However, in traumatic pericarditis (the 
common complication of TRP), the com-
mon reported acid base imbalance was 

mixed acid base disturbance (Hussain et 
al., 2018). 

Our research explains the acid-base 
and electrolyte imbalances that the bo-
vines develop during the course of chronic 
TRP. The animals demonstrate significant 
changes in blood gas parameters as well 
as in electrolytes. We suggest that all of 
these alterations should be taken into con-
sideration when treating cases of chronic 
TRP. We also believe that the severity of 
blood gas alterations in chronic TRP can 
vary depending on the extent of infection, 
the type and size of the foreign object, and 
the time since the initial injury. The effect 
of foreign body type, duration of anorexia 
and extent of peritoneal inflammation may 
be evaluated in future studies. 

ACKNOWLEDGEMENTS 

This work is a part of the Master’s Thesis of 
the first author and was funded by Guru Angad 
Dev Veterinary and Animal Sciences Univer-
sity, Ludhiana, India. 

REFERENCES 

Abdelaal, A. & M. Floeck, 2015. Clinical and 
sonographical findings in buffaloes 
(Bubalus Bubalis) with traumatic reticu-
loperitonitis. Veterinarski Arhiv, 85, 19.  

Abutarbush, S. M., J. L. Carmalt, D. G. Wil-
son, P. O. O’Connor, E. G. Clark & J. M. 
Naylor, 2004. Jejunal haemorrhage syn-
drome in 2 Canadian beef cows. Canadian 
Veterinary Journal, 45, 4850. 

Braun, U., S. Warislohner, P. Torgerson, K. 
Nuss & C. Gerspach, 2018. Clinical and 
laboratory findings in 503 cattle with 
traumatic reticuloperitonitis. BMC Veteri-
nary Research, 14, 66. 

Bhutia, C. N., S. K. Uppal, S.A. Hussain & 
N.K. Sood, 2019. Bovine intestinal ob-
struction: Changes in cytological and bio-
chemical parameters of blood and perito-



Blood acid base, gas alterations and electrolyte changes in bovines with chronic traumatic ... 

BJVM, ××, No × 6 

neal fluid. Exploratory Animal and Medi-
cal Research, 9, 3741. 

Constable, P. D., K. W. Hinchcliff, S. H. Done 
& W. Grünberg, 2017. Diseases of the 
alimentary tract  ruminant. In: Veterinary 
Medicine: A Textbook of the Diseases of 
Cattle, Horses, Sheep, Pigs and Goats. El-
sevier, St. Louis, pp. 436621.  

Francoz, D. & C. L. Guard, 2019. Traumatic 
reticuloperitonitis (hardware disease, 
traumatic reticulitis). In: Large Animal In-
ternal Medicine. ed B. P. Smith, Elsevier 
Mosby, St. Louis, pp. 805807.  

Garry, F., B. L. Hull, D. M. Rings & G. Hoff-
sis, 1988. Comparison of naturally oc-
curring proximal duodenal obstruction and 
abomasal volvulus in dairy cattle. Veteri-
nary Surgery, 17, 226233. 

Haskens, S. C., 1977. An overview of acid ba-
se physiology. Journal of American Veteri-
nary Medical Association, 170, 423428. 

Hussain, S. A. & S. K. Uppal, 2014. Compa-
rison of blood acid base gas parameters in 
venous and arterial blood of healthy buffa-
loes. Buffalo Bulletin, 33, 328331. 

Hussain, S. A., S. K. Uppal, A. Singh & S. K. 
Mahajan, 2014. Vagal indigestion in a buf-
falo due to obstraction of cardia by a cloth. 
Buffalo Bulletin, 33, 258262. 

Hussain, S. A., S. K. Uppal, C. S. Randhawa 
& N. K. Sood, 2015.  Bovine intestinal ob-
struction: Blood gas analysis, serum C re-
active protein and clinical, hematological 
and biochemical alterations. Journal of 
Applied Animal Research, 43, 224230. 

Hussain, S. A., S. K. Uppal, N. K. Sood, C. S. 
Randhawa & S. K. Mahajan, 2022. Clini-
co-biochemical parameters, treatment, and 
prognostic indicators of peritonitis in buffa-
loes. Journal of Buffalo Science, 11, 5265. 

Hussain, S. A., S. K. Uppal, N. K. Sood, C. S. 
Randhawa,  S. K. Mahajan & B. K. Ban-
sal, 2018. Hemato-biochemical and blood 
acid base gas alterations in bovine trau-
matic pericarditis. SKUAST Journal of Re-
search, 20, 4348. 

Kanekeo, J. J., J. W. Harvey & M. Bruss, 
2008. Clinical Biochemistry of Domestic 
Animals, 6th ed, Academic Press, Elsevier 
Inc., San Diego, California, USA, pp. 
529559. 

Kuiper, R. & H. J. Breukink, 1986. Secondary 
indigestion as a cause of functional pyloric 
stenosis in the cow. The Veterinary Re-
cord, 119, 404406. 

Lallemand, M. 2014. L’essentiel de la biochi-
mie chez les bovins. In : Manuel de Médé-
cine des Bovins, 1st ed, eds D. Francoz & 
Y. Couture, Med’com: Paris, France, pp. 
516. 

Ward, J. L., D. F. Smith, S. C. Fubini & Y. T.  
Grohn, 1993. Comparison of 0.9, 3.6 and 
7.2% sodium chloride for correction of 
experimentally induced hypochloremic, 
hyperkalemic metabolic alkalosis in sheep. 
American Journal of Veterinary Research, 
54, 11601169. 

 

 

 

 

Paper received 28.12.2023; accepted for 
publication 21.02.2024 

 

 

 

 

Correspondence:  
 
Syed Ashaq Hussain 
Senior Assistant Professor,  
Division of Clinical Veterinary Medicine,  
Ethics and Jurisprudence,  
Sher-e-Kashmir University of Agricultural 
Sciences and Technology of Kashmir,  
Srinagar-India-190006 
phone: +917006596847 
email: draashiqhussain@gmail.com 
https://orcid.org/0000-0001-5299-974X 

 


