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e Non-Anion Gap-Metabolic Acidosis

e Normal Anion Gap Metabolic Acidosis
e Dilutional Metabolic Acidosis

e Hyperchloremic Metabolic Acidosis
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hloride ddison’s
cetazolamide//ddison’s icarb loss (Gl or renal, incl RTA)
| Loss | | hloride

xtras-RTA, ingestion of rugs (e.g. acetazolamide, acids)

oral acidifying salts,
recovery phase of DKA

reteroenterostomies

mall bowel fistula

xcess Chloride

larrhoea

arbonic anhydrase inhibitors
enal tubular acidosis

yperchloraemia

cetazolamide, ~ddison’s disease

enal tubular acidosis

larrhoea, ileostomies, fistulae

reteroenterostomies ) .
ddisson’s disease

ancreatoenterostomies .
ancreatoenterostomies



Serum Plasma CaT Urine Uriee ascnadol Urinary Minimal Ability to Lirine- Comment
bicar- K excretiomn A gap.mosmikg MHj, urine acidify bl
bonate, mEqg/L in metabalic mEg/day pH urine in P,
mEqg/L acidosis to mm Hg
scideruia
Health Marmal Maormal Mormal +20 b +50 10- b0 —4a 15-6 s =3
Severe diarrhea <2 Ly Mormal -3 fo ~50 =200 High =5.5 Yes
Taoluene/hippurate <24 Lo Mormal Pasitive = 20D High Wes
Dhefective A LT 12-20 Lo Mormsl Megative 1 50 Mormal «5.5 Wes Urine pH =65 during
activity/proximal nirrrnal -3 ko =50 carly phase with
RTA (type 2} bicarbonaturia
Fanconi syndrome 12-18 Ly T Megative = 1500 Mormal <55 YWes Hypophoasphatemia/
proximal RTA -3ty —50 phosphaturia,
ltype 2} hypouricemial
hyperuricosuria
renal ghucosuria
{glucosuria with a normal
serum glucose
oonceniratonl,
aminoaciduria
Hypokalemic distal 10 -20 L t Pasitive < 1 50 Low =55 P <3
BRTA (type 1} {usnally [aften
<50~ 100] =6.5)
Back diffusion E-15 Ly ¥ Paositive ? Lovwr Bar
Hyperkalemic distal E-15 High Mormal Pasitive < 150 Low =55 Py
ETA (volage- or T {u=nally [aften
dependent ET A} < 50— 1001 =6.5)
ETA type 3 Lo Ly T Low =55 i
BTA type 4 I65-2F High Mormsl Pasitive < 1 50 Low «5.5 Wes {(Mien increased
{usnally creatinine
< 50— 1140]

CA, carbonic anhydrase; RT A, renal tubular acidesis; urine-blood pO0Oy, urine-blood pOCr,;, after bicarbonate leading.







RENAL TUBULAR ACIDOSIS TYPE 1 DISTAL RTA

AFFECTS THE RENAL TUBULES AND IMPAIRED RENAL
PE 2 UORINE

RESULTS IN A HYPERCHLOREMIC TY HYDROGEN ION HY S5 HYPOKALEMIA  STONES

METABOLIC ACIDOSIS WITH A PROXIMAL RTA SECRETION v ‘

NORMAL SERUM ANION GAP

IMPAIRED TYPE L HYPERKALEMIC RTA

BICARBONATE
REABSORPTION DECREASED ALDOSTERONE

SECRETION OR ALDOSTERONE
HIGH URINE RESISTANCE
pH INITIALLY,
LATER € 5.5 URINE pH < 5.5

HYPOKALEMIA HYPERKALEMIA

BOWMAN'S LOOP COLLECTING

CAPSULE PROXIMAL TUBULE e HEE DISTAL TUBULE e
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Urinary Ammonium/Urine AG 420 £ +90 mmol/L: OT,

—30 to —50 mEq/L:

Fractional HCO3 excretion 0.5-1.0 mEq/kg/h

Urine pH >7.5 or fractional excretion of HCO3 >15%:
s Urine pH unchanged:
Fractional excretion of HCO3 <5%:

. | urine HCO; || plasma crealinine
Fractional HC :”'1 excretion = .: — - ,
|| plasma HCO, }::-:: | urine creatinine |

Urinary Osmolal Gap

Urine-Blood pCO2 during NaHCO?3 Loading

Furosemide and Fludrocortisone



Confirm the
diagnosis with
renal function

panel and
correct for
serum albumin

Obtain

urinalysis, urine

anion gap, and
fractional
excretion of
bicarbonate
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Review results

Urine Anion Gap Negative

Fractional excretion of
bicarbonate < 5%

Diagnosis is
made

Non-Anion Gap Metabolic
Acidosis

Fractional excretion of
bicarbonate >5%

Nonrenal Bicarbonate
Losses [(eg diarrhea)

Urine pH>5.5, low
potassium, fractional
excretion of bicarbonate
<5%p, normal urinalysis

Proximal RTA

Urine Anion Gap Positive

Distal RTA

Urine pH<5.5, high
potassium, fractional
excretion of bicarbonate
=<5%p, normal urinalysis

Urine pH<5.5, low
potassium, fractional
excretion of bicarbonate
5%%—15%, glycosuria,
preteinuria

Hyperkalemic RTA

Proximal RTA
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“Decreased cardiac contractility >, : Predisposition to
and cardiac output - - ventricular arrhythmias

Arterial vasodilation
and hypotension

Alteration in oxygen Y «7 Resistance to action of
binding to hemoglobin = infused catecholamines

— § | Acute metabolic acidosis

Stimulation of " o
interleukin production - -

Suppression of
Iym ph ocyte func tlcrn

Changes in mental status

irnpa;red cellular
energy production

Generation or
exacerbatlon of bone CiISE-‘BSE? /"

Enhanced production
of B-microglobulin

Chronic metabolic acidosis

’_/ / \ \\\-“' Impalred glucose tolerance

Acceleratlﬂr‘l of prﬂgressnan
of Kidney disease

Increased muscle Waﬁtlﬁg




[[AOTPEVTEPIKO

Anesth Analg. 2001 Oct93(4):811-5.

The effects of balanced versus saline-based hetastarch and crystalloid solutions on acid-base
and electrolyte status and gastric mucosal perfusion in elderly surgical patients.

Wilkes NJ', Woolf R, Mutch M, Mallett SV, Peachey T, Stephens R, Mythen MG.

Anesth Analg. 15999 May,S33(5):999-1003.

The effect of intravenous lactated Ringer's solution versus 0.99% sodium chloride solution on
serum osmolality in human volunteers.

Williams ELT, Hildebrand KL, McCormick S&, Bedel M.J.

Anesth Analg. 2000 Jan;20(1).74-9.

Metabolic acidosis and respiratory acidosis impair gastro-pyloric motility in anesthetized pigs.
Tournadre JP?, Allaouchiche B, Malbert CH, Chassard D.




AiapBnTikn Ketoccwaon

Comparison of Plasma-Lyte A and Sodium Chloride 0.99% for Fluid Resuscitation of Patients With
Diabetic Ketoacidosis.

Oliver WD, willis GC'-2, Hines MC"', Haves BD>.

+) Author information

Abstract

Purpose: The aim of this study was to compare Plasma-Lyte A (PL) and sodium chloride 0.9% (NS) in regard to time to resolution of
diabetic ketoacidosis (DKA) when one fluid was used predominantly over the other for resuscitation. Methods: We performed a
retrospective analysis of the records of patients treated for DKA at a large, academic medical center between July 1, 2013, and July 1,
2015. Patients were placed into the PL or NS group based on the predominant fluid they received during fluid resuscitation. Serum
biochemistry variables were categorized as follows: initial. 2 to 4 hours, 4 to 6 hours, 6 to 12 hours, and 12 to 24 hours. The primary
outcome was mean time to resolution of DKA. Results: Eighty-four patients were included in the study. The primary outcome of mean
time to resolution of DKA was similar between the PL (19.74 hours) and NS (18.05 hours) groups (P = .5080). Patients treated with PL
had a significantly greater rise in pH within the 4- to 6-hour and 6- to 12-hour periods. The chloride level was significantly higher and
the anion gap was significantly lower for the NS group in the 6- to 12-hour period. Conclusion: These data suggest that the use of PL
for fluid resuscitation in DKA may confer certain advantages over NS

J Crit Care. 2012 Apr;27(2):138-45. doi: 10.1016/].jcrc.2012.01.007.

Plasma-Lyte 148 vs 0.99% saline for fluid resuscitation in diabetic ketoacidosis.

Chua HR' Venkatesh B, Stachowski E, Schneider AG, Perkins K, Ladanyi S, Kruger P, Bellomo R.

+ Author information

Abstract
PURPOSE: The purpose of the study was to determine the effects of Plasma-Lyte 148 (PL) vs 0.9% saline (NS) fluid resuscitation in

diabetic ketoacidosis (DKA)

METHODS: A multicenter retrospective analysis of adults admitted for DKA to the intensive care unit, who received almost exclusively
PL or NS infusion up until 12 hours, was performed

RESULTS: Nine patients with PL and 14 patients with NS were studied. Median serum bicarbonate correction was higher in the PL vs
NS groups at 4 to 6 hours (8.4 vs 1.7 mEQgQ/L) and 6 to 12 hours (12.8 vs 6.2 mEQg/L) from baseline (P < .05). Median standard base
excess improved by 10.5 vs 4.2 mEQ/L at 4 to 6 hours and by 16.0 vs 9.1 mEg/L at 6 to 12 hours in the PL and NS groups.
respectively (P < .05). Chloride levels increased significantly in the NS vs PL groups over 24 hours. Potassium levels were lower at 6
to 12 hours in the PL group. Mean arterial blood pressure was higher at 2 to 4 hours in the PL group. whereas cumulative urine output
was lower at 4 to 6 hours in the NS group. There were no differences in glycemic control or duration of intensive care unit stay

CONCLUSION: Patients with DKA resuscitated with PL instead of NS had faster initial resolution of metabolic acidosis and less
hyperchloremia, with a transiently improved blood pressure profile and urine output.




Fluid resuscitation with lactated Ringer's solution vs normal
saline in acute pancreatitis: A triple-blind, randomized, 0 C-reactive protein ER
controlled trial. 500 @ C-reactive protein 48 h

de-Madaria E, et al. United European Gastroenterol J. 2018 O C-reactive protein 72 h
Show full citation -

Abstract 400 A
Background: Little is known regarding the optimal type of fluid resuscitation in
acute pancreatitis (AP).

Objective: The objective of this article was to compare the effect of lactated 300 A
Ringer's solution (LR) vs normal saline (NS) in the inflammatory response in AP.

Methods: We conducted a triple-blind, randomized, controlled trial. Patients = 18
admitted with AP were eligible. Patients were randomized to receive LR or NS. 200 +
Primary outcome variables were number of systemic inflammatory response

syndrome (SIRS) criteria at 24 hours, 48 hours and 72 hours and blood C-reactiv
protein (CRP) levels at 48 hours and 72 hours. In vitro complementary experimer

AN\
I

|
were performed to further explore the interaction between pH, lactate and 100 !
inflammation. il E
Results: Nineteen patients receiving LR and 21 receiving NS were analyzed. The 04 =3 1 l - i
median(p25-p75) numberof SRS criterita at 48 hours were 1+ {(1=2) for NS vs1
(0O-1) for LR, p=0.060. CRP levels (mg/l) were as follows: at 48 hours NS 166 b o
Saline Ringer

(78-281) vs LR 28 (3-124), p=0.037; at 72 hours NS 217 (59-323) vs LR 25 Fluid
(3-169), p=0.043_ In vitro, LR inhibited the induction of inflammatory phenotype ¢
macrophages and NF-kB activation. This effect was not observed when using

Ringer's solution without lactate, suggesting a direct anti-inflammatory effect of I,Figure 2. C-reactive protein (CRP, mg”) at randomization
lactate.

"(emergency room, ER), 48 hours and 72 hours. *p < 0.05 between
Conclusions: Lactated Ringer's is associated with an anti-inflammatory effect in patients receiving normal saline (saline) or lactated Ringer‘s

patients with acute pancreatitis. luti (R' )
SOIGLION YRINGELT de-Madaria E etal. 2018 PMID 29435315
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BrJ Anaesth. 2018 Feb;120(2):274-283. doi: 10.1016/.bja.2017.11.088. Epub 2017 Dec 2.

Normal saline versus a balanced crystalloid for goal-directed perioperative fluid therapy in major
abdominal surgery: a double-blind randomised controlled study.

Pfortmueller CA', Funk GC2, Reiterer C2, Schrott A%, Zotti 02, Kabon B2, Fleischmann E2, Lindner G>.

Anesth Analg. 2015 Jan;120(1):123-9. doi: 10.1213/ANE.0000000000000418S.

An acetate-buffered balanced crystalloid versus 0.99% saline in patients with end-stage renal
disease undergoing cadaveric renal transplantation: a prospective randomized controlled trial.

Potura E', Lindner G, Biesenbach P. Funk GC, Reiterer C, Kabon B, Schwarz C, Druml! W, Fleischmann E.

Chest. 2004 Jan;125(1}243-8.

Effects of hyperchloremic acidosis on arterial pressure and circulating inflammatory molecules in
experimental sepsis.

Kellum 147, Song M, Venkataraman R.

+ Author information




Ann Intensive Care. 2018; 8- 43.
FPublished online 2018 Mar 27_. doi

Hyperchloraemia in sepsis

Christos Filis_?

| . s> __ 0f the human organism. Hyperchloraemsa, whether a result of the sepsis process or a consequence of its
cannis Vasileiadis, anc “

treatment with supraphystologic chloride fluids, appears to have a negative mpact on the clinical outco

of septic pattents. The detrimental effect of hyperchloraemic acidosts on the inflammatory response, on
Crit Care Med. 2015 Sep;43(9):1938-44. doi: 10.1097/CCM.0000000000001161.

Association of Hyperchloremia With Hospital Mortality in Critically Il Septic Patients.

Neyra JA!, Canepa-Escaro F, Li X, Manllo J, Adams-Huet B, Yee J, Yessavan L: Acute Kidney Injury in Critical lliness Study Group.

ONCLUSIONS: In critically ill septic patients manifesting hyperchloremia (CI = 110 mEg/L) on ICU admission, higher CI levels and

within-subject worsening hyperchloremia at 72 hours of ICU stay were associated with all-cause hospital mortality. These associations
were independent of base deficit, cumulative fluid balance, acute kidney injury, and other critical illness parameters.

J Crit Care. 2011 Apr;26(2):175-9. doi: 10.1016/}.jcrc.2010.04.013. Epub 2010 Jul 8.

Is hyperchloremia associated with mortality in critically ill patients? A prospective cohort study.
Boniatti MM?, Cardoso PR, Castilho RK, '

CONCLUSIONS: Hypoalbuminemia and hyperchloremia were associated with mortality. This result involving chloride is something new
and should be tested in future studies
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Saline versus Plasma-Lyte A in initial resuscitation of trauma patients: a randomized trial.

YOLJﬂQJB’_ Utter GH, Schermer CR, Galante JM, Phan HH, Yanqa Y. Anderson BA, Scherer LA.

J Trauma. 2009 Jul;67(1):202-8; discussion 208-9. doi: 10.1097/TA.0b013e3181a602a7.

Coagulopathy by hypothermia and acidosis: mechanisms of thrombin generation and fibrinogen
availability.

J Trauma. 2007 Mar;62(3):636-9.
Lactated Ringer's is superior to normal saline in the resuscitation of uncontrolled hemorrhagic

shock.
Todd SR, Malinoski D, Muller PJ, Schreiber MA.

Journal of Critical Care
Volume 26, Issue 2, April 2011, Pages 175-179

Is hyperchloremia associated with mortality in
critically ill patients? A prospective cohort

study
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