Hospital Acquired AKI: Prevention, Recognition, and Management – Boyd

AKI
· Community acquired (toxin, drug overdose)
· Hospital acquired (sepsis)

Hospital-acquired acute renal failure in dogs
· Mortality was 62% and factors that contributed to mortality were age and initial urine output

Characterization of AKI in hospitalized dogs and evaluation of a veterinary AKI staging system – Thoen, et al
· 15% of dogs in ICU developed AKI
· Mortality 54.2% vs 15.7% without AKI
· Despite often small increase in creatinine

AKI in dogs: etiology, clinical, and clinicopathologic findings, prognostic markers, and outcome
· 9% AKI were hospital acquired
· 44% mortality
· Etiology was not broken down for community vs acquired
· Ischemic, inflammatory injury -> top etiology of AKI

Community – single insult usually
· Nephrotoxins (NSAID, grapes, lilies, ethylene glycol)
· Infections (leptospirosis, pyelonephritis)

Hospital acquired more often a multifactorial
· Hemodynamic (ischemic injury, poor perfusion, hypotension)
· Edema
· Nephrotoxins (antibiotics, IV fluids, anti-inflammatories, anesthesia)
· Inflammation (sepsis, nonseptic systemic inflammation, renal inflammation)
· Usually something else brought them into the hospital, THEN they develop an AKI in hospital

Prevention is better than cure!

Hypovolemia
· Kidney susceptible to ischemic injury
· Receives 20% of the cardiac output
· High metabolic demand (Na/K/ATP pump activity)
· Unique vascular physiology (countercurrent exchange systems, two capillary beds -> medullary capillary beds very at risk for hypoxia)
· Must be avoided, but not as simple as liberal fluid administration for all patients

Fluid overload
· Common in critically ill dogs
· Retrospective evaluation of fluid overload and relationship to outcome in critically ill dogs
· Critically ill patients experience more fluid overload than stable hospitalized patients (12% vs. 0.5%)
· Bodyweight increased 12% above normal due to excessive fluids
· More fluids put into critically ill dogs over stable dogs
· Less urine output in critically ill patients than stable patients as well
· 115 ml/kg/day in, 82 ml/kg/day out
· 58 in, 52 out in stable patients
· Associations of fluid overload with mortality and kidney recovery in patients with AKI: a systematic review and meta-analysis
· Fluid overload increases mortality with odds ratio above 2
· Physiology
· GFR relies on (glomerular capillary pressure – proximal tubular pressure)
· RBF  relies on (renal arterial pressure  - renal venous pressure)
· Veins are very compressible, increasing pressure and ruins pressure gradient for blood flow
· Fluid overload causes interstitial edema, but kidneys are surrounded by a renal capsule binding the tissue in
· Pressure increases intra-renally, parenchymal pressure
· Oxygenation – oxygen diffuses from capillary bed to the cells in the kidneys
· Expanding the interstitial space with edema -> cells become further away from oxygen supply, inducing hypoxic injury and/or necrosis/apoptosis

Fluid balance
· Hypovolemia and dehydration -> reduced renal perfusion, ischemic injury
· Hypervolemia and overhydration -> tissue edema, decreased oxygenation and GFR

Four phases of intravenous fluid therapy: a conceptual model
· Rose approach
· Rescue
· Optimization
· Stabilization
· Deescalation
· Rescue -> hemodynamic instability, shock -> handled via fluid bolses, etc.
· Optimization -> life threatening shock managed, next few days is optimization
· Questions for optimization
· Is there truly evidence of tissue oxygenation is inadequate?
· What mechanisms can be contributing?
· Cardiac preload
· Cardiac contractility
· Heart rate
· Vascular tone
· Hemoglobin concentration
· Oxygenation status
· Is there evidence cardiac output is preload responsive?
· Review article on hemodynamic status in the ICU
· Categorize clinical data by which question(s) it helps to answer

Healthcare exists in a system
· Documentation and communication is key

Fluid type matters – chloride
· TGF (tubule-glomerular feedback) during hypoperfusion
· Rein & Coca Am J Physiology Renal Physiology 2019
· Chloride gets into tubular fluid during GFR -> macula densa senses amount of chloride
· Uses chloride amount as indicator of amount of fluid through tubule
· Sees more chloride, decrease GFR
· Needs a normal chloride to fluid ratio
· Hyperchloremia -> heaps of chloride hit macula densa even without high fluid in tubues
· Afferent vasoconstriction, efferent vasodilation -> AKI
· Balanced crystalloids over 0.9% NaCl
· NEJM -> Balanced crystalloids vs Saline in Critically Ill adults vs. noncritically ill adults
· Two paired papers
· Critically ill patients – major adverse kidney events within 30 days -> NaCl higher rates
· Non-critically ill patients – also saw an increase in major adverse kidney events
· Incidence and Prognosis Associated with hyperchloremia and hypochloremia in dogs and cats
· 21.3% dogs, 9.4% hyperchloremic
· Hospital acquired hyperchloremia
· 39.5% dogs, 48.7% in cats with hyperchloremia
· Greater mortality than community acquired
· Hyper and Hypochloremia associated with mortality
· Reverse bell curves seen in survival rates based on chloride levels
· Dogs with hyperchloremic metabolic acidosis
· Prevalence 24.7%, hospital acquired in 30% of cases
· Detailed analysis of 52 dogs
· 0.9% NaCl not used as crystalloid
· KCl administered to 50%
· Sources of total chloride load
· Maintenance/resuscitation crystalloid
· Drug diluent (NaCl? ->how many CRIs is your patient on?)
· Electrolyte supplementation (KCl most common)
· Hypertonic crystalloids (7.2% NaCl)
Fluid type matters – colloids
· Associated with kidney injury in human medicine -> strong recommendations to avoid this use in human patients
· Dog/cat studies are mostly retrospective and mixed findings
· Evaluation of biomarkers of kidney injury following 4% succinylated gelatin and 6% hetastarch 130/0.4 administration in a canine hemorrhage shock model
· Gelatin based colloids – UK/Australia -> massive increases in kidney injury biomarkers
· Hetastarch doesn’t seem to be associated with kidney injury increases
· Histologic changes also seen in the gelatin dogs
· Prospective randomized controlled blinded clinical trial evaluating biomarkers of AKI following 6% hetastarch – no injury seen

Can colloids offset fluid overload?
· Silverstein et. al JVECC 2005
· Saline quickly expands intravascular space, then drops
· Colloids maintained intravascular volume
· Unsure if they’re clinically translating to our patients

Nephrotoxic drugs
· SCCM list
· Multiple small insults
· Consider each to risk/benefit ratio
· Be sure to treat underlying disease
· Subtherapeutic dose worse than nothing

Treat underlying disease
· Recognizing sepsis
· Treat according to guidelines promptly
· Antimicrobials
· Source control
· Sensible fluid resuscitation
· Consider new renal and extra-renal infection as a risk

Recognition
· Serial monitoring of creatinine
· Early warning signs

Serial monitoring of creatinine
· VAKI, IRIS Stage AKI
· Electrolytes
· Abnormalities or changes in handling
· Hyperkalemia (absolute or relative)
· Unexpected increase of K
· Htyperchloremic metabolic acidosis (cause and potentially effect via renal tubular acidosis)
· Change in sodium balance
· Prompt closer assessment of AKI risk factors and increased creatinine and UOP monitoring

Urinalysis
· Signs of tubular dysfunction
· Proteinuria
· Glucosuria without hyperglycemia
· Inappropriately alkaline pH
· Casts not very common

Novel biomarkers
· Not ready yet for clinical use, next stages coming with new studies

Silver bullets?
· Not dopamine, fendoldopam, or resveratrol
· Good critical care is our only tenet proven to work

Fluid balance
· Effects of AKI on urine output
· Oliguria/anuria
· Polyuria
Reassess drugs, underlying disease

Electrolye disturbances
· K becomes labile, hyperkalemia can develop rapidly
· Close monitoring and treatment
· Metabolic acidosis
· Increased AG
· Bicarb as isotonic to patient and in place of maintenance crystalloid
· Monitor electrolytes/blood gas closely
· Calculate HCO3 deficit
· Recheck every 25-50% administered
· Make up fresh every day -> CO2 will leach through plastic

Recognize and treat infection
· Start new empiric broad spectrum IV antimicrobials if evidence clinically supports it
Renal replacement therapy
Remember that it won’t get better overnight – phases of AKI -> 10 days potentially
· Initiation, extension, maintenance, recovery
· Takes a week to get better usually
· Can still result in CKD

IRIS Stage CKD
· 2 stable measurements 2 weeks apart
Likely some permanent nephron loss with AKI -> treat as IRIS stage 1 if non-azotemic
