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Abstract

:

This study aimed to describe the inflammation, hydro-electrolyte and acid-base imbalances caused by generalised peritonitis (GP) and parietal fibrinous peritonitis (PFP) after caesarean section. After clinical examination, blood was sampled from 11 cows with PFP, 30 with GP and 14 healthy cows. Serum and plasma refractometry and glutaraldehyde tests were used to evaluate the inflammation level, while hydro-electrolytes and acid-base parameters were assessed using an EPOC® device. In addition to clinical signs of dehydration (>10%), blood analysis showed a high fibrinogen concentration (PFP: 8.64 ± 8.82 g/L; GP: 7.83 ± 2.45 g/L) and fast glutaraldehyde coagulation (<3 min) indicative of severe inflammation in both diseases compared to the control group (p < 0.05). Moreover, a severe decrease in electrolytes concentration (Na+: 126.93 ± 5.79 mmol/L; K+: 3.7 ± 1.3 mmol/L; Ca++: 0.89 ± 0.12 mmol/L; Cl−: 82.38 ± 6.45 mmol/L) and a significant increase in bicarbonate (30.87 ± 8.16 mmol/L), base excess (5.71 ± 7.42 mmol/l), L-lactate (8.1 ± 4.85 mmol/L) and creatinine (3.53 ± 2.30 mg/dL) were observed in cows with GP compared to the control group (p < 0.05). In contrast, few major perturbations were noticed in PFP, where only K+ (3.64 ± 0.25 mmol/L) and Ca++ (1.06 ± 0.09 mmol/L) were significantly modified (p < 0.05). In conclusion, a high dehydration and severe inflammation are induced by PFP and GP. Nevertheless, GP causes more electrolytes and acid-base disturbances than PFP.
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1. Introduction


Generalised peritonitis (GP) and parietal fibrinous peritonitis (PFP) are common complications of caesarean section (CS) [1,2,3,4,5,6]. In fact, GP affects around 4% of cows after CS; its mortality rate is approximately 27% in first line cases [1] and 100% in referral cases [3]. Whilst PFP affects approximatively 1% of cows undergoing CS [1], its mortality rate varies between 8% in the short term and 33% in the long term [3]. Although the prevalence of GP and PFP after CS is still low, the absolute number of these complications is considerable in Belgium [4,5,6], since more than 500,000 CS are performed every year by Belgian vets [7,8,9].



Both GP and PFP are caused by peritoneal inflammation [3]. However, GP is an extensive inflammation of the peritoneal cavity [10,11,12]. The serosa‘s inflammation leads to the perturbation of the peritoneum’s function. In fact, the vasodilatation increases the inflow and the loss of fluids, electrolytes, proteins and inflammatory cells by exudation in the peritoneal cavity [3,11,12,13]. On the other hand, PFP consists of an accumulation of a large volume (5 to 50 L) of inflammatory exudate and fibrin inside a fibrous capsule, localised between the external sheath of parietal peritoneum and the muscular layers of the abdominal wall [2,3,4,5,6,14,15].



Both GP and PFP are triggered by laparotomy. Trueperella pyogenes and Escherichia coli are the most cultured bacteria in these post-operative complications [2,3,4,5,6,11,12,15]. The anamnesis and clinical signs of both disorders are almost similar. Nevertheless, the symptoms are more severe in GP compared to PFP [3]. The most common clinical signs are pyrexia, dehydration, depression, anorexia, weight loss, abdominal pain and gastrointestinal motility disorders leading to diarrhoea or constipation. These symptoms are the consequence of the compression of digestives organs by a large abdominal mass in the case of PFP and by the accumulation of exudate and fibrin inside of the peritoneal cavity in GP. Furthermore, the clinical signs result from the bacteraemia, endotoxemia and severe inflammatory conditions caused by these illnesses as well [2,3,4,5,6,11,12,15].



The blood hydro-electrolytes and acid-base disturbances are caused by the disorder of the digestive transit and the severe inflammatory status [12,16]. These parameters are frequently described in digestive illnesses [17,18]. They are commonly assessed to administrate supportive fluid therapy and anti-inflammatory drugs to improve the general conditions of patients during surgery, antibiotic therapy and recovery [12,16].



Although GP and PFP disturb the digestive function and escalate the inflammatory status of affected cows [3,15], the hydro-electrolytes, acid-base imbalances and inflammatory conditions resulting in these disorders were not fully described in the scientific literature [2,3,11,12,15,19]. In fact, only succinct descriptions of these parameters were previously reported in PFP and localised peritonitis following a foreign body ingestion [2,15,20,21], but they never reported in the case of GP following CS.



We herein describe the inflammatory conditions, hydro-electrolytes and acid-base disorders caused by PFP and GP after CS in Belgian blue cows. The ultimate goal is to assess the requirement of supportive fluid therapy and anti-inflammatory drugs in combination with the surgical and antimicrobial treatment usually applied to manage these disorders [2,3,6,11,12,15,19].




2. Materials and Methods


All procedures received the approval of the Ethical Committee of Liège University (file number 2365).



2.1. Animal Selection and Clinical Approach


This study was performed with Belgian blue cows referred to the Veterinary Clinic of Liège University between January 2017 and March 2021. The cows were suspected of PFP or GP by the referring vets based on the anamnesis (recent CS, weight, anorexia and lack of treatment response) and the clinical examination (dehydration, fever (>39°), decrease of ruminal and intestinal motility, restricted arm mobility during rectal palpation) [3]. At arrival, a complete anamnesis was recorded with a special focus on the date of CS (interval CS and the date of the arrival in the clinic) and administrated treatments. The cows that received fluid therapy or cortisone prior to referral were removed from the study. After the clinical examination with a particular focus on the hydration status, based on the skin fold persistence time, the diagnosis of PFP and GP was confirmed by a transabdominal or transrectal ultrasound (3.5 MHz convex probe and 5 MHz linear probe attached to DP-50 Vet®, Mindray device, Creteil, France). The specific diagnostic criterion for PFP was the accumulation of an anechogenic fluid and echogenic fibrin strands within a hyperechoic capsule between the parietal sheath of the peritoneum and the muscle layers [2,3,14]. The specific diagnostic criterion for GP was the presence of anechogenic liquids and echogenic fibrin strands within the peritoneal cavity [3,19] (Figure 1). In total, 30 GP and 11 PFP were confirmed.



In order to obtain comparative values of inflammatory, electrolytes and acid-base parameters in healthy individuals, a control group of 14 Belgian Blue cows selected at the experimental farm of Liege University were enrolled. The selection criteria were having calved 1 to 3 months earlier by CS and being in good health. Health status was confirmed by anamnesis (good appetite, no health concerns and no treatment administered since the CS), standard clinical examination (rectal temperature (38–39 °C), respiratory rate (12–36/min), cardiac frequency (40–80/min), dehydration status (no dehydration), buccal, ocular and vulvar mucosa colour (pink), ocular sclera capillary (less than 3 capillaries)) [22] and then by the evaluation of acute and chronic inflammation through serum and plasma refractometry (estimated fibrinogen) and a glutaraldehyde test. The control animals showed less than 6 g/L of blood fibrinogen [23] and a coagulation time of the glutaraldehyde test longer than 15 min [24]. The number of cows needed in the control group was calculated by G* power software [25] using a test strength of 0.80 and a statistical significance threshold of 0.05 (p < 0.05)




2.2. Sample Collection and Processing


Two 5 mL jugular venous blood were taken in heparinised and plain tubes (Vacutainer, BD). Three ml of plain tube blood were immediately used to perform a glutaraldehyde test [24]. The remainder of the blood without anticoagulant and the heparinised samples were centrifuged (15 min, 1029 g) to assess the fibrinogen concentration. The fibrinogen value was estimated by the difference between the plasma protein (PP) and serum protein (SP) concentrations, established by refractometry (Refractometer®, Euromex, Arnhem, The Netherlands) [2,3,26]. Furthermore, 1 mL of jugular blood was sampled in a heparinised syringe to evaluate blood acid-base parameters and electrolytes concentration using an EPOC® blood analyser (Siemens Healthcare, Ottawa, ON, Canada). This device measures and calculates 17 parameters [27,28]. However, the focus in this study was on the acid-base and electrolytes values represented by chemical parameters (sodium (Na+), potassium (K+), chloride (Cl−), ionised calcium (Ca++) and anion gap (Agap)), venous blood gas parameters (potential hydrogen (pH), base excess (BE), bicarbonate (HCO3−) and carbon dioxide pressure (pCO2)) and metabolic parameters (glucose, L-lactate and creatinine) [17,23].




2.3. Statistical Analysis


The statistical analyses were performed using SAS (2001) (Statistics, Version 8.2. SAS Institute, Cary, NC, USA). Continuous data were checked for normal distribution with a Shapiro-Wilk test. A logarithmic transformation was carried out to convert non-parametric data into parametric data. Descriptive analysis was performed for the time between calving and the date of clinical consultation, the age of cows, inflammatory parameters (SP, PP, fibrinogen), electrolytes and acid-base parameters (Na+, K+, Cl−, Ca++, pH, BE, Agap, HCO3−, glucose, L-lactate and creatinine). The results are presented as a mean ± Standard Deviation (SD).



The means of measured parameters were compared between the different groups of cows (PFP, GP and control group) using analysis of variance (ANOVA).



The test of Pearson was performed to study the correlation between the different variables.



Differences were considered statistically significant at the threshold of p < 0.05.





3. Results


All the results of the evaluated parameters and statistical analysis are displayed in Table 1 (Supplementary Table S1).



3.1. Cows Description


In total, 11 PFP and 30 GP cases were enrolled in the study. All of the patients were Belgian blue cattle breed with a variable age (PFP: range, 24 to 87 months; mean, 46.5 ± 20.07 month; GP: range, 24 to 100 months; mean, 49.44 ± 17.69 months) and parity varying between 1 and 4 CS in both groups. Cows were received in our clinic and diagnosed with these diseases 27.27 ± 12.14 days (12 to 47 days) and 26.16 ± 23.43 days (7 to 90 days) after a CS, respectively, for PFP and GP. The control group consisted of 14 Belgian blue cows calved by CS 1 to 3 months earlier. Their age varied between 28 and 92 months (43.93 ± 21.29 months), with a parity number varying between 1 and 4




3.2. Inflammatory Parameters


The total protein concentration rate was statistically superior in PFP cases (SP: 78.45 ± 14.24 g/L; PP: 87.09 ± 11.78 g/L) than in control group cases (SP: 68.36 ± 2.82 g/L; PP: 71.7 ± 3.17 g/L). However, the average protein concentration in GP cases was higher than the value registered in the control group and lower than that recorded in PFP cases, but no statistical difference was observed.



Results of the blood inflammatory parameters indicated a severe inflammatory status in sick cows. Indeed, the fibrinogen concentration was statistically higher in cows affected by PFP (8.64 ± 4.82 g/L) and those affected by GP (7.83 ± 2.45 g/L) compared to the healthy group (3.36 ± 0.93 g/L). Furthermore, a significant difference was noticed in the coagulation times of the glutaraldehyde test, since the complete coagulation was obtained in less than three minutes in all of the patients, while no coagulation was observed after 15 min in the healthy group.




3.3. Hydro-Electrolyte and Acid-Base Parameters


3.3.1. Clinical Evaluation of the Hydration Status


Independently of the illness, all of the patients showed an infinite persistent skin folder test, indicating a dehydration level higher than 10%. On the contrary, the control group showed a normal hydration status, with a skin fold persistence of less than two seconds [22,23].




3.3.2. Chemical Parameters


Overall, a decrease of Na+, K+, Cl− and Ca++ were observed in the sick cows compared to the control group. However, the decrease of these parameters was more severe in cows affected by GP compared to those developing PFP. Indeed, only K+ (3.64 ± 0.25 mmol/L) and Ca++ (1.06 ± 0.09 mmol/L) significantly declined in PFP cases compared to the control group. In contrast, the diminution of the electrolytes concentration (Na+: 126.93 ± 5.79 mmol/L; K+: 3.7 ± 1.3 mmol/L; Ca++: 0.89 ± 0.12 mmol/L; Cl−: 82.38 ± 6.45 mmol/L) in cases of GP was sharper and statistically significant compared to the control group (Na+: 133.14 ± 2.21 mmol/L; K+: 4.48 ± 0.42 mmol/L; Ca++: 1.19 ± 0,04 mmol/L; Cl−: 96.93 ± 2.73 mmol/L). The Agap average concentration was almost the same in PFP cases as in the control group. However, a statistically higher Agap concentration was observed in cows with GP (18.82 ± 5.56 mmol/L) compared to the healthy group (15.28 ± 1.86 mmol/L).




3.3.3. Venous Blood Gas


A mild increase in measured venous blood gas parameters was observed in cows with PFP compared to those from the control group, but no statistical difference was shown. The same observation could be stated regarding the cows with GP, except for HCO3− (30.87 ± 8.16 mmol/L) and BE (5.71 ± 7.42 mmol/L), in which the increases were sharper and statistically significant compared to the control group (HCO3−: 25.56 ± 1.86 mmol/L; BE: 1.06 ± 1.51 mmol/L).




3.3.4. Metabolic Parameters


Although the average concentrations of glucose, L-lactate and creatinine were superior in PFP cows compared to the control group, the difference was statistically non-significant. Nevertheless, the increase of L-lactate (8.1 ± 4.85 mmol/L) and creatinine (3.53 ± 2.30 mg/dL) in the group of GP was statistically significant compared to the control cows (L-lactate: 1.68 ± 1.44 mmol/L; creatinine: 2.18 ± 0.28 mg/dL). Furthermore, the average L-lactate concentration was significantly superior in GP cows compared to those with PFP. The glucose concentration in GP and PFP cows was higher than the average value seen in the control group, but no statistical difference was observed.





3.4. The Correlation between the Different Parameters


The evaluation of the interaction among the different parameters has revealed a negative correlation between the concentration of BE and Cl− (r = −0.45; p < 0.05) and between the Na+ and fibrinogen (r = −0.37; p < 0.05) in cows affected with GP. Moreover, a positive correlation was observed between the L-lactate and Agap concentrations in all of the cows involved in this study.





4. Discussion


Despite the important amount of PFP and GP in the Belgian field veterinary practice following CS, there is a lack of scientific knowledge about the disorders caused by these post-operative complications [2,3,4,6]. This study presents a unique dataset of inflammatory status, acid-base and electrolytes perturbations in cows suffering from PFP and GP following CS. Moreover, the comparison between healthy and sick cows makes the study more relevant. Unfortunately, the findings would be more accurate if the cows of the control group came from the same farms and had exactly the same interval between the CS and the day of sampling as the sick cows. However, due to practical reason, it was not possible to have identical matches.



The assessment of inflammatory parameters allowed us to choose healthy cows for the control group and quantify the level of inflammation in cows with PFP and GP. Sick cows showed a severe inflammatory status compared to the control cows [2,3,15], as shown by the high fibrinogen concentration and the speed of glutaraldehyde coagulation in cows with CS complications compared to those of the control group [23,24].



The total proteins concentrations (SP, PP) were higher in cows with PFP than in cows from the control group. This is caused by the increased production of inflammatory proteins such as fibrinogen and Ɣ-globulin, further escalated by the high dehydration status (>10%) highlighted in this group [2,3,15]. Nevertheless, the average proteins concentration in cows with GP was not significantly different compared to the mean of the control group in spite of the high level of inflammatory proteins and extreme dehydration. This could be explained by an abundant loss of proteins through the extensive inflammation of the peritoneal serosa [3,11,12]. In fact, cows affected by GP could even show a hypoproteinaemia when they had a normal hydration status [11,23,30]. This high level of inflammation would explain several clinical symptoms of PFP and GP such as fever, anorexia, dehydration and reduced intestinal motility [2,3,5,11,31].



The assessment of the inflammatory status could have been even more delineated if we had performed the electrophoresis of total proteins. This would give us more information on the proteins’ composition, especially regarding the albumin and globulin fraction [20,23].



Blood acid-base balance and electrolyte values were assessed using the EPOC® device (Siemens Healthcare, Ottawa, ON, Canada). This blood analyser is very convenient; since it is transportable, it could be used on the cow side. Nevertheless, this device has never been validated for ruminants [27]. Although it is used in several species (dogs, horses, alpaca and lama), the scientific literature about the consistency of this device is debatable [27,28,32,33,34]. The lack of a reference range for the assessed parameters is one of the weaknesses of this tool [27,28]. However, in our study, the ranges of values found in the control group are very close to the reference ranges stated by Carlson, 2009 [29].



Blood electrolytes imbalance is often caused by anorexia, absorption disorders or ions sequestration in the digestive system. Overall, the ions H+ and Cl− are produced in the abomasum and released in the small bowels, while Na+, K+ and Ca++ come from the food ingestion [16]. The decline in the ions concentration observed in GP results from the digestive ileus following fibrine and exudate accumulation in the peritoneal cavity [3,11,35], reducing the Cl− and H+ production and leading to the trapping of these ions in the abomasum. Moreover, anorexia caused by the inflammatory status [3,11] reduces the supply and the absorption of electrolytes inducing hyponatremia, hypokalemia and hypocalcemia. In fact, a negative correlation between fibrinogen and Na+ was observed in GP.



In contrast, cows with PFP showed a significant decrease only for Ca++ and K+; this is a direct consequence of anorexia [2,3,15]. However, Cl− concentration was not significantly modified, since the digestive transit was still present but slowed down [2,3,15]. The presence of intestinal motility may explain the mild hyponatremia in cows with PFP. In fact, even if appetite is low, the limited Na+ ingested is absorbed at the intestinal level.



The blood ions perturbations directly impact the acid-base equilibrium and vice-versa [16]. According to the simplified theory of Stewart, alkalosis is defined as an increase in strong ion difference, a decrease in pCO2 and a decrease in non-volatile weak acids buffers such as proteins and phosphorus [18]. Overall, our results showed that the acid-base equilibrium tend to alkalosis in cows with GP, since BE is significantly higher in this group. This is mainly related to the sequestration of Cl− and H+ in the digestive system. Indeed, a negative correlation was observed between BE and Cl− in this group of cows. The decrease of Cl− leads to the decline of strong ions difference, inducing metabolic alkalosis. Moreover, the decrease of H+ highlighted by the value of pH induced the accumulation HCO3−, which is supposed to be combined with H+ and eliminated through the respiratory way [18,36]. The pCO2 was within the normal range in both groups, indicating a lack of respiratory acidosis or alkalosis [18,36].



None of these parameters (BE, HCO3−, pCO2, pH) were significantly modified in cows with PFP, probably due to the digestive perturbations caused by PFP being less important than those induced by GP [3].



The Agap is an estimation of the unmeasurable plasmatic anions, of which the most important are ionised albumin, phosphor, ketone and sulphate. It allows for the specification of another origin of acid-base imbalance [18,37]. The Agap’s value is higher when the concentration of the unmeasured anions increases [37,38]. The average Agap is significantly higher in cows with GP than in the others. Indeed, the high L-lactate concentration could be the principal cause of the Agap surge, since a positive correlation was observed between these two elements. The level of L-lactate indicates an increase in anaerobic metabolism [13,38], which is caused by the dehydration, inflammation and severe compression of digestives organs by the fibrin accumulation in cows with GP [3,11].



The increase in creatinine concentration due to the acute prerenal renal failure confirmed a high level of dehydration observed in all of the patients [3,23]. Furthermore, it shows that cows with GP are more dehydrated than those affected by PFP [23], although no difference in dehydration status was clinically noticed. The glucose concentration is almost the same in the different groups, even though it tended to be higher in GP cows. This could be relative to the catecholamine liberation following the stress and the abdominal pain [3,11,15].



All of these modifications need to be considered during the treatment of these disorders. In fact, based on our study, it seems more than indicated to use supportive fluid therapy either by intravenous or oral ways and anti-inflammatory drugs during the treatment of PGP and GP. Moreover, Cl−, L-lactate and Agap concentrations are frequently used as predictive values of treatment, resulting in digestive disorders [17,39,40], and they could explain the poor prognosis of cows with GP [3].




5. Conclusions


Our study elucidates the blood inflammation, acid-base and electrolyte imbalances present in Belgian Blue cows developing GP and PFP after CS. Indeed, severe dehydration, high inflammatory status (fibrinogen and glutaraldehyde test) and huge modifications of chemical (Na+, K+, Cl−, Ca++ and Agap), blood gas (HCO3− and BE) and metabolic (L-lactate and creatinine) parameters were noticed in cows with GP. On the contrary, the perturbations induced by PFP are milder and touch only the hydration status and the inflammatory (fibrinogen and glutaraldehyde test) and some of the chemical parameters (K+ and Ca++). All of these modifications should be taken into consideration during the treatment of PFP and GP.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/vetsci9030134/s1, Table S1: Results (mean ± standard deviation) and comparison of the evaluated parameters (inflammatory, chemical, venous blood gas, and metabolic parameters) in cows developing parietal fibrinous peritonitis, generalised peritonitis and the control group.





Author Contributions


S.D., M.-C.C., L.M., N.M., A.S., P.B. and L.G. assisted in the study design, data analysis and manuscript preparation. S.D., M.-C.C., H.C., C.B., L.G., L.M., A.S., V.F., P.B., P.D., J.E. (Justine Eppe) and J.E. (Julien Evrard) gathered samples and conducted data collection. S.D., M.-C.C. and P.D. supervised the laboratory work. P.B., N.M., L.M., S.D., M.-C.C., C.B. and A.S. supervised the scientific quality. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Department of Animal Production of the University of Liege.




Institutional Review Board Statement


All procedures received the approval of the Ethical Committee of Liège University (File number 2365).




Informed Consent Statement


Consent was obtained from all owners to include their cows in this study.




Data Availability Statement


All data are available in the manuscript.




Acknowledgments


We would like to thank all of the students and animal keepers of the clinical Department of Animal Production and the experimental farm of Liege University, who helped us during the data collection. We would also like to thank all of the Walloon farmers and vets who have referred the studied cases and have accepted the use of the collected data in this study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mijten, P. Puerperal Complications after Cesarean Section in Dairy Cows and in Double-Muscled Cows. Reprod. Domest. Anim. 1998, 33, 175–179. Available online: http://hdl.handle.net/1854/LU-179237 (accessed on 15 December 2021). [CrossRef]

	



Djebala, S.; Evrard, J.; Moula, N.; Sartelet, A.; Bossaert, P. Atypical case of parietal fibrinous peritonitis in a Belgian Blue heifer without a history of laparotomy. Vet. Rec. Case Rep. 2020, 8, e001086. [Google Scholar] [CrossRef]

	



Djebala, S.; Evrard, J.; Moula, N.; Gille, L.; Bayrou, C.; Eppe, J.; Casalta, H.; Sartelet, A.; Bossaert, P. Comparison between generalised peritonitis and parietal fibrinous peritonitis in cows after caesarean section. Vet. Rec. 2020, 187, e49. [Google Scholar] [CrossRef] [PubMed]

	



Djebala, S.; Evrard, J.; Gregoire, F.; Thiry, D.; Bayrou, C.; Moula, N.; Sartelet, A.; Bossaert, P. Infectious Agents Identified by Real-Time PCR, Serology and Bacteriology in Blood and Peritoneal Exudate Samples of Cows Affected by Parietal Fibrinous Peritonitis after Caesarean Section. Vet. Sci. 2020, 7, 134. [Google Scholar] [CrossRef]

	



Djebala, S.; Evrard, J.; Moula, N.; Gille, L.; Sartelet, A.; Bossaert, P. Parietal fibrinous peritonitis in cattle: A literature review. Vet Rec. 2021, 188, 1–5. [Google Scholar] [CrossRef]

	



Djebala, S.; Evrard, J.; Gregoire, F.; Bayrou, C.; Gille, L.; Eppe, J.; Casalta, H.; Frisée, V.; Moula, N.; Sartelet, A.; et al. Antimicrobial susceptibility profile of several bacteria species identified in the peritoneal exudate of cows affected by parietal fibrinous peritonitis after caesarean section. Vet. Sci. 2021, 8, 295. [Google Scholar] [CrossRef]

	



Herd Book Blanc Bleu Belge (HBBB). Caractéristiques. 2021. Available online: https://www.hbbbb.be/fr/pages/caracteristique (accessed on 15 December 2021).

	



Kolkman, I.; Opsomer, G.; Lips, D.; Lindenbergh, B.; De Kruif, A.; De Vliegher, S. Preoperative and operative difficulties during bovine caesarean section in Belgium and associated risk factors. Reprod. Domest. Anim. 2010, 45, 1020–1027. [Google Scholar] [CrossRef]

	



Djebala, S.; Moula, N.; Bayrou, C.; Sartelet, A.; Bossaert, P. Prophylactic antibiotic usage by Belgian veterinarians during elective caesarean section in Belgian blue cattle. Prev. Vet. Med. 2019, 172, 104785. [Google Scholar] [CrossRef]

	



Borgonovo, G.; Amato, A.; Varaldo, E.; Mattioli, F.P. Definition and classification of peritonitis. Méd. Mal. Infect. 1995, 25, 7–12. [Google Scholar] [CrossRef]

	



Fecteau, G. Management of peritonitis in cattle. Vet. Clin. Food Anim. Pract. 2005, 21, 155–171. [Google Scholar] [CrossRef]

	



Fubini, S.L.; Ducharme, N.G. Farm Animal Surgery, 2nd ed.; Saunders-Elsevier: St. Louis, MI, USA, 2017; p. 662. [Google Scholar]

	



Wittek, T.; Grosche, A.; Locher, L.; Alkaassem, A.; Fürll, M. Biochemical constituents of peritoneal fluid in cows. Vet. Rec. 2010, 166, 15–19. [Google Scholar] [CrossRef] [PubMed]

	



Braun, U.; Pusterla, N.; Anliker, H. Ultrasonographic findings in three cows with peritonitis in the left flank region. Vet. Rec. 1998, 142, 338–340. [Google Scholar] [CrossRef] [PubMed]

	



Ferraro, S.; Desrochers, A.; Nichols, S.; Francoz, D.; Babkine, M.; Lardé, H.; Roy, J.P.; Fecteau, G. Clinical characteristics, treatment, and outcome for cattle that developed retroperitoneal abscesses following paralumbar fossa laparotomy: 32 cases (1995–2017). J. Am. Vet. Med. Assoc. 2020, 256, 814–821. [Google Scholar] [CrossRef] [PubMed]

	



Radostits, O.M.; Gay, M.L.; Blood, D.C.; Hinchcliff, K.W. Disturbances of Free Water, Electrolytes, Acid-Base Balance, and Oncotic Pressure. In Veterinary Medicine, 10th ed.; Radostits, O.M., Gay, M.L., Hinchcliff, K.W., Constable, P., Eds.; Baillier Tindall: London, UK, 2007; pp. 113–152. [Google Scholar]

	



Braun, U.; Beckmann, C.; Gerspach, C.; Hässig, M.; Muggli, E.; Knubben-Schweizer, G.; Nuss, K. Clinical findings and treatment in cattle with caecal dilatation. BMC Vet. Res. 2012, 8, 75. [Google Scholar] [CrossRef]

	



Lallemand, M. L’essentiel de la biochimie chez les bovins. In Manuel de Médecine des Bovins, 1st ed.; Francoz, D., Couture, Y., Eds.; Med’com: Paris, France, 2014; pp. 5–16. [Google Scholar]

	



Braun, U. Ultrasound as a decision-making tool in abdominal surgery in cows. Vet. Clin. Food Anim. Pract. 2005, 21, 33–53. [Google Scholar] [CrossRef] [PubMed]

	



Ansari-Lari, S.; Nazifi, S.; Rezaei, M.; Asadi-Fardaqi, J. Comparative study of plasma proteins including haptoglobin and serum amyloid A in different types of traumatic reticuloperitonitis in cattle. Comp. Clin. Pathol. 2008, 17, 245–249. [Google Scholar] [CrossRef]

	



Dezfouli, M.R.M.; Lotfollahzadeh, S.; Sadeghian, S.; Kojouri, G.A.; Eftekhari, Z.; Khadivar, F.; Bashiri, A. Blood electrolytes changes in peritonitis of cattle. Comp. Clin. Pathol. 2012, 21, 1445–1449. [Google Scholar] [CrossRef]

	



Cockcroft, P.; Jackson, P.; Examination, C. Clinical examination of the abdomen in adult cattle. Practice 2004, 26, 304–317. [Google Scholar] [CrossRef]

	



Smith, B.P. Large Animal Internal Medicine, 5th ed.; Mosby Elsevier: St. Louis, MI, USA, 2015; p. 1661. [Google Scholar]

	



Metzner, M.; Horber, J.; Rademacher, G.; Klee, W. Application of the glutaraldehyde test in cattle. J. Vet. Med. 2007, 54, 449–454. [Google Scholar] [CrossRef]

	



Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression analyses. Behav. Res. Methods 2009, 41, 1149–1160. [Google Scholar] [CrossRef]

	



Francoz, D.; Couture, Y. L’hématologie et la biochimie des bovins. In Manuel de Médecine des Bovins, 1st ed.; Francoz, D., et Couture, Y., Eds.; Med’com: Paris, France, 2014; pp. 5–36. [Google Scholar]

	



West, E.; Bardell, D.; Senior, J.M. Comparison of the EPOC and i-STAT analysers for canine blood gas and electrolyte analysis. J. Small Anim. Pract. 2014, 55, 139–144. [Google Scholar] [CrossRef] [PubMed]

	



Viesselmann, L.C.; Videla, R.; Flatland, B. Verification of the Heska Element Point-of-Care blood gas instrument for use with venous blood from alpacas and lamas, with determination of reference intervals. Vet. Clin. Pathol. 2018, 47, 435–447. [Google Scholar] [CrossRef] [PubMed]

	



Carlson, G.P. Clinical Chemistry Tests. In Large Animal Internal Medicine, 4th ed.; Smith, P.B., Ed.; Mosby Elsevier: St Louis, MI, USA, 2009; pp. 375–379. [Google Scholar]

	



Citil, M.; Gunes, V.; Karapehlivan, M.; Atalan, G.; Marasli, S. Evaluation of serum sialic acid as an inflammation marker in cattle with traumatic reticulo-peritonitis. Rev. Méd. Vét. 2004, 155, 389–392. [Google Scholar]

	



Gille, L.; Pilo, P.; Valgaeren, B.R.; van Driessche, L.; van Loo, H.; Bodmer, M.; Burki, S.; Boyen, F.; Haesebrouck, F.; Deprez, P.; et al. A new predilection site of Mycoplasma bovis: Postsurgical seromas in beef cattle. Vet. Microbiol. 2016, 186, 67–70. [Google Scholar] [CrossRef]

	



Elmeshreghi, T.N.; Grubb, T.L.; Greene, S.A.; Ragle, C.A.; Wardrop, J.A. Comparison of Entreprise Point-of-Care and Nova Biomedical Critical Care Xpress analyzers for determination of arterial pH, blood gas, and electrolyte values in canine and equine blood. Vet. Clin. Pathol. 2018, 47, 415–424. [Google Scholar] [CrossRef] [PubMed]

	



Kirsch, K.; Detilleux, J.; Serteyn, D.; Sandersen, C. Comparison of two portable clinical analyzers to one stationary analyzer for the determination of blood gas partial pressure and blood electrolyte concentration in horses. PLoS ONE 2019, 14, e0211104. [Google Scholar] [CrossRef] [PubMed]

	



Gomez, D.E.; Buczinski, S.; Darby, S.; Palmisano, M.; Beatty, S.S.K.; Mackay, R.J. Agreement of 2 electrolyte analyzers for identifying electrolyte and acid-base disorders in sick horses. J. Vet. Intern. Med. 2020, 34, 2758–2766. [Google Scholar] [CrossRef]

	



Ohtsuka, H.; Ohki, K.; Tajima, M.; Yoshino, T.; Takahashi, K. Evaluation of Blood Acid-Base Balance after Experimental Administration of Endotoxin in Adult Cow. J. Vet. Med. Sci. 1997, 59, 483–485. [Google Scholar] [CrossRef]

	



Constable, D. Clinical assessment of acid-base status. Vet. Clin. Food Anim. Pract. 1999, 15, 447–471. [Google Scholar] [CrossRef]

	



Oh, M.S.; Carill, H.J. The anion gap. N. Engl. J. Med. 1977, 297, 814–817. [Google Scholar] [CrossRef]

	



Ewaschuk, J.B.; Naylor, J.M.; Zello, G.A. Anion Gap Correlates with SerumD- and DL-Lactate concentrationin Diarrheic Neonatal Calves. J. Vet. Intern. Med. 2003, 17, 940–942. [Google Scholar] [CrossRef] [PubMed]

	



Garry, F.B.; Hull, B.L.; Rings, D.M.; Kersting, K.; Hoffsis, G.F. Prognostic value of anion gap calculation in cattle with abomasal volvulus: 58 cases (1980–1985). J. Am. Vet. Med. Assoc. 1988, 192, 1107–1112. [Google Scholar] [PubMed]

	



Giertzuch, S.; Lorch, A.; Lausch, C.K.; Knubben-Schweizer, G.; Trefz, F.M. Prognostic utility of pre- and postopérative plasma L-lactate measurements in hospitalized cows with acute abdominal emergencies. J. Dairy Sci. 2020, 103, 11769–11781. [Google Scholar] [CrossRef] [PubMed]








[image: Vetsci 09 00134 g001 550] 





Figure 1. Transabdominal ultrasound sections of the parietal fibrinous peritonitis (1) and generalised peritonitis (2). A: Abdominal wall; B: Lamellas of fibrin and inflammatory fluids; C: Digestive organs; D: fibrinous capsule. 
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Table 1. Results (mean ± standard deviation and range) and a comparison of the evaluated parameters (inflammatory, chemical, venous blood gas and metabolic parameters) in cows developing parietal fibrinous peritonitis, cows developing generalised peritonitis and the control group.
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Inflammatory Parameters

	
PFP (11 Cows)

	
GP (30 Cows)

	
Control Group

(14 Cows)

	
Reference Values [29]






	
SP (g/L)

	
Mean ± SD

	
78.45 ± 14.24 a

	
71.33 ± 13.26 ab

	
68.36 ± 2.82 b

	
68–86




	
Range

	
58–100

	
40–99

	
64–74




	
PP (g/L)

	
Mean ± SD

	
87.09 ± 11.78 a

	
78.97 ± 14.15 ab

	
71.7 ± 3.17 b

	
No reference value




	
Range

	
66–106

	
46–107

	
67–78




	
Fibrinogen (g/L)

	
Mean ± SD

	
8.64 ± 4.82 a

	
7.83 ± 2.45 a

	
3.36 ± 0.93 b

	
1–6




	
Range

	
0–18

	
4–12

	
2–5




	
glutaraldehyde test (min)

	
<3

	
<3

	
>15

	
>15




	
Chemical parameters




	
Na+ (mmol/L)

	
Mean ± SD

	
130.9 ± 5.57 a

	
126.93 ± 5.79 b

	
133.14 ± 2.21 a

	
132–152




	
Range

	
122–137

	
116–137

	
130–137




	
K+

(mmol/L)

	
Mean ± SD

	
3.64 ± 0.25 a

	
3.7 ± 1.3 a

	
4.48 ± 0.42 b

	
3.9–5.8




	
Range

	
3.2–3.9

	
2.1–5.4

	
4.2–5.2




	
Ca++ (mmol/L)

	
Mean ± SD

	
1.06 ± 0.09 a

	
0.89 ± 0.12 b

	
1.19 ± 0.04 c

	
0.97–1.24




	
Range

	
0.89–1.16

	
0.5–1.1

	
1.09–1.26




	
Cl− (mmol/L)

	
Mean ± SD

	
93 ± 6.15 a

	
82.38 ± 6.45 b

	
96.93 ± 2.73 a

	
97–111




	
Range

	
79–101

	
65–95

	
92–102




	
Agap (mmol/L)

	
Mean ± SD

	
15 ± 4.82 a

	
18.82 ± 5.56 b

	
15.28 ± 1.86 a

	
14–20




	
Range

	
10–24

	
10–30

	
12–20




	
Venous blood gas parameters




	
pH



	
Mean ± SD

	
7.73 ± 0.07 a

	
7.47 ± 0.08 a

	
7.42 ± 0.07 a

	
7.31–7.53




	
Range

	
7.28–7.52

	
7.31–7.76

	
7.31–7.52




	
HCO3− (mmol/L)

	
Mean ± SD

	
26.47 ± 4.15 a

	
30.87 ± 8.16 b

	
25.56 ± 1.86 a

	
0–6




	
Range

	
19.2–34.6

	
14–50.8

	
20.6–28.6




	
pCO2

(mmHg)

	
Mean ± SD

	
40.03 ± 6.29 a

	
40.94 ± 6.8 a

	
39.76 ± 8.02 a

	
35–45




	
Range

	
31.9- 51.3

	
25.6- 53.5

	
31.8–52.2




	
BE

(mmol/L)

	
Mean ± SD

	
1.98 ± 4.35 a

	
5.71 ± 7.42 b

	
1.06 ± 1.51 a

	
21–32




	
Range

	
−5.7–9.3

	
−10.29–23.7

	
−2.3–2.9




	
Metabolic parameters




	
Glucose (mg/dL)

	
Mean ± SD

	
80.36 ± 33.31 a

	
86.13 ± 39.32 a

	
74 ± 5.76 a

	
33–66




	
Range

	
42–165

	
43–213

	
64–82




	
L-lactate

(mmol/L)

	
Mean ± SD

	
4.68 ± 4.82 a

	
8.1 ± 4.85 b

	
1.68 ± 1.44 a

	
0.56–2.22




	
Range

	
0.7–16.19

	
1.14–19.03

	
0.43–4.97




	
Creatinine

(mg/dL)

	
Mean ± SD

	
2.33 ± 1.15 ab

	
3.53 ± 2.30 a

	
2.18 ± 0.28 b

	
1.81–2.84




	
Range

	
0.97–4.34

	
1.22–11.46

	
1.7–2.72








PFP: parietal fibrinous peritonitis; GP: generalised peritonitis SP: serum protein; PP: plasma protein; Na+: sodium; K+: potassium; Cl−: chloride, Ca++: ionised calcium; (Agap) anion gap; pH: potential hydrogen, BE: base excess; HCO3−: bicarbonate; pCO2: carbon dioxide pressure. Within the same line, values bearing a distinct letter are statistically different from each other (p < 0.05).
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