Septic Peritonitis

Key Points
· Abdominocentesis is the preferred diagnostic method, intracellular bacteria confirms diagnosis 

· Peritoneal fluid analysis and identification of intracellular organisms is needed for definitive diagnosis, however there are several diagnostic tools that may be suggestive

· Treatment includes source control, appropriate antimicrobials and adequate stabilization 

· Prognosis for survival is 27-64% (~50%)

Peritonitis: inflammation of the peritoneal cavity
· Underlying cause
· Primary: spontaneous inflammatory condition in the absence of underlying abdominal pathology or known hx of penetrating injury
· FIP (coronavirus)
· Salmonella typhimurium, Chlamydia psittaci, Clostridium limosun, Mesocestoides spp., Bacteroides spp., Actinomyces spp., Blastomyces spp., Candida spp., Fusobacterium spp. 
· 13 cats with 1ary septic peritonitis Bacteroides and Fusobacterium were the most common, oral cavity bacteria may be transmitted through hematogenous route or unrecognized cat bites (Ruthrauff et al 2009)
· Secondary: due to a preexisting aseptic or septic pathologic intraabdominal condition
· Most commonly due to GI leakage
· 25% cats due to neoplasia (adenocarcinoma, lymphosarcoma) (Costello et al 2004)
· 6-16% dehiscence after enterotomy or RnA
· Preoperative peritonitis, intestinal fb and albumin ≤ 2.5 g/dL had increased risk for dehiscence (Ralph et al 2003)
· Hypotension was also noted as a risk factor for septic peritonitis, presence of fb was found to be protective (4/28 had fb, low n?) (Grimes et al 2011)
· 41% of linear FB in dogs have GI leakage
· Can also be due to pancreatitis, hepatobiliary disease, trauma, hemolymphatic conditions, septic uroabdomen, neoplasia, etc.
· Tertiary: recurrent peritonitis after an episode of 1ary or 2ary peritonitis
· Extent
· Localized 
· Generalized
· Presence of infectious agents
· Septic
· Non-septic

Clinical Signs
· History:
· Medical and surgical history
· Medications that may predispose to ulceration
· Duration of clinical signs
· History of trauma or FB ingestion
· Physical Exam:
· Clinical signs vary in type and intensity
· Abdominal effusion may not be present if dehydrated
· Abdominal pain varies, praying position may be seen, 38-62% cats have abdominal pain

Diagnostic Tests
· Gold standard: Intracellular bacteria on peritoneal effusion cytology
· Affected by clinical course, antimicrobial administration, location of the peritonitis (ie: gastric vs small int), hydration status, technical expertise, cytology is diagnostic in 86% of cases
· Intracell bacteria makes neutrophils heavier, hence spun down samples and looking on feather edge may increase 
· Single, blind abdominocentesis attempts are only successful in 20% in low volume effusions (3 ml/kg) and in 80% in high volume effusions (10 ml/kg), use 4 quadrant technique or aFAST to guide
· Diagnostic peritoneal lavage: large bore over-the-needle catheter, 22 ml/kg  of warm isotonic saline, massage abdomen then retrieve the sample, cell counts will be inaccurate due to dilution, cannot trust glucose/lactate
· DPL had a 94.6% accuracy rate compared to 50% for blind needle paracentesis, complication rates are 4.7% (splenic lac, urinary bladder rupture) (Crowe et al 1984)
· Cultures should be submitted
· CBC
· Marked neutrophilia w/ left shift is most common, although normal to low neutrophil count is possible
· Chemistry
· Hyperkalemia and azotemia may be seen from uroperitoneum 
· Hypoproteinemia is common due to protein loss within the peritoneal cavity
· Hypoglycemia is common
· Hyperbillirubinemia may be due to bile peritonitis or cholestasis of sepsis
· Elevated liver and kidney values are common in sepsis
· Hypocalcemia is prevalent (89% at intake, 93% during hospitalization in cats) and failure to normalize during hospitalization is associated with a negative prognosis in cats with septic peritonitis (Kellett-Gregory et al 2010)
· Higher prevalence than previously described in (Holowaychuk et al 2009), 16% of critically ill dogs and 25% of dogs with sepsis have iHCa, (Luschini et al 2010) 24% incidence in dogs with sepsis
· Coagulation status (Bentley et al 2013, 27 dogs with septic peritonitis, pre-op samples)
· Protein C deficiency in 91% non survivors and 13% survivors
· Antithrombin deficiency in 91% non survivors and 93% survivors
· TEG – normal to hypercoagulable, MA specific predictor of survival
· PT, aPTT and platelet count are not useful to predict survival, however are frequently affected
· Thrombocytopathia may occur (Li et al 2017)
· Peritoneal fluid: blood differentials (Bonczynski et al 2003)
· pH
· pH is lower in septic peritoneal effusion compared to non-septic cats, but not dogs, no difference in fluid to blood pH in septic peritonitis
· Glucose
· >20 mg/dL 100% sens and spec for sepsis in dogs; 86% sens, 100% spec in cats
· Lactate
· <-2.0 mmol/L was also 100% sens and spec for sepsis in dogs, trended to significance in cats
· Septic peritoneal effusion is >2.5 mmol/L in dogs (Levin et al 2004)
· Neoplastic effusions may also have a marked glucose/lactate differential (Nestor et al 2004)
· Imaging:
· Abdominal radiographs
· Focal or generalized loss of serosal detail (ground glass appearance)
· Plication or intestinal obstruction
· Pneumoperitoneum (hollow viscous rupture or gas-producing bacteria)
· Free  small and irregular bubbles not associated to loops of bowel, larger gas volumes accumulate at highest points 
· On lat caudal to diaphragm and below cranial lumbar muscles, on VD caudal to diaphragm
· Increased visualization of serosal surfaces
· Post-op free gas usually reabsorbs within 3-7 days
· Prostatomegaly, enlarged uterus
· Ultrasound
· May determine underlying cause of peritonitis
· Will aid in obtaining a peritoneal effusion sample
· Contrast Radiography
· Cystourethrogram
· Others:
· Peritoneal cell count (Bonczynski et al 2003)
· Higher cell counts are more likely in septic peritonitis
· Dogs: cutoff 13,000 cell/uL 86% sens, 100% spec for septic effusion
· Cats: same cutoff was 100% sens and spec
· Plasma lactate (Cortellini et al 2015, lactate in 83 dogs w/ septic peritonitis)
· >4 mmol/L sens 36% and spec 92% for non-survival
· Persistent post-op hyperlactatemia sens 92% and spec 100% for non-survival
· Lactate clearance <42% at 12hr sens 82% and spec 100% for non-survival
· cfDNA (Letendre et al 2017)
· Elevated in sepsis and moderate to severe trauma
· High cfDNA and neutropenia was associated with decreased survival
· [bookmark: _GoBack]Does not differentiate non-septic from septic SIRS

Treatments
· Medical
· Goals are to fluid resuscitate, stabilize electrolytes, glucose and coags
· Due to severe protein loss, albumin may be considered (Trow et al 2008; Craft et al 2012)
· Stabilize blood pressure, consider vasopressors, after fluid resuscitation 
· Analgesia
· Broad spectrum antibiotics as soon as septic peritonitis is identified
· Dickinson et al 2015, 86 dogs with septic peritonitis 
· Empirical antibiotics appropriate in 52.6% cases (most commonly used were Unasyn, Cefuroxime, Fluoroquinolone and Metronidazole, in that order), given within 24 hours, 51% cases used monomodal therapy
· Antibiotics were given 30 days before to 73.3% dogs, this was not associated with outcome, but was associated to inappropriate empirical antibiotic choice
· Recent abdominal surgery was also associated to inappropriate empirical antibiotic choice, but did not influence survival
· 47.4% was deemed inappropriate due to resistance patterns (not due to route or dose)
· 58.5% survival in appropriate antimicrobial, and 52.6% survival in inappropriate antimicrobial
· Studies in people have shown a protective effect of appropriate antimicrobial for non-surgical sepsis over surgical sepsis
· Abelson et al 2013, implemented an antimicrobial protocol for septic peritonitis
· Pre-protocol median time to antimicrobials was 6hr, decreased to 1 hr post-protocol, frequent delays were due to radiographs, desire to get cultures before antibiotics (no difference in negative cultures was found in this study), waiting for perisurgical antimicrobials
· Pre-protocol inappropriate empirical antimicrobials were selected 15%, 8.8% in the post-protocol
· Survival increased from 60% to 70% post-protocol, not statistically significant
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· Surgical
· Source control!!! Solution to pollution…
· Time to surgery
· Time to surgery <6h vs <12hr was not associated with outcome (Bush et al 2016)
· Drains
· May improve survival since they aid in removal of bacteria and inflammatory effusions
· Can worsen hypoproteinemia
· Guieu et al 2016, 26 dogs w/septic peritonitis post-celiotomy and JP drains
· Glucose/lactate differentials are similar between post-celiotomy recovering dogs and post-operative septic peritonitis dogs (POSP 2/26)
· WBC in abdominal effusion decreased in (POSP) dogs 
· Blood-to-fluid WBC and neutrophil ratios were greater in POSP dogs
· No difference between groups dogs in abdominal effusion neutrophil count, degree of degeneration, presence or absence of intracell bacteria
· No difference in production of abdominal fluid volume between groups
· Bacteria was isolated from 100% drain tips
· Szabo et al, 2011, 10 healthy dogs post-celiotomy with JP drains
· Glucose/lactate differentials were consistent with septic effusions
· 44% developed contaminated drains and positive cultures, 4/5 had both intracell and extracell bacteria, noticed from 2nd day on
· 100% had degenerate neutrophils in effusion
· Food dye?! If dehiscence occurs, food dye in diet may show color change in drain (Ropski et al 2017)
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· Postoperative care
· Monitoring BW, BP, ECG, 
· Early nutritional support associated with decreased LOH
· Analgesia
· Dehiscence window 3-5 days after surgery
· De-escalate or change antibiotics as required by culture results
Prognosis 
· Survival rates 27-64% (50%), cats having a worse outcome than dogs
· Biliary surgeries have a worse outcome
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Table 1: Empiric antimicrobial guidelines used for treatment of
dogs with septic peritonits as described in a devised emergency
department septic abdomen protocol

Initial empiric antimicrobial guidelines for canine
‘abdominal sepsis in the ED
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Table 8.8 Suggested criteria for selecting a method of peritoneal drainage.

Pertoneal dosure without Delintive control of the source of contamination
additionaldrainage Ninimal perionits
Open peritoneal dranage Inabilty o control the sourceat frst laparotomy
or vacuum assisted Need for aclitonal debridement at second
dosure. laparotomy
Severe peritonts

‘Abdorminal compartment syndrome
Suspected anaerobic nfection such as colonic
soutce open perioneal drainage)

Closedtsuction dranage. Deiniive control of the source of contamination
Moderate poitonits

‘Adapted from Bently and Holt[136]. Reproduced with permision from et




