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Introduction

Fluid resuscitation lies at the heart of acute care medicine. Despite the central role
occupied by plasma volume expansion therapeutics, there remains little consensus
regarding the ideal fluid for plasma volume expansion. However, the unintended
consequences of excessive plasma volume expansion as well as those untoward
events directly ascribed to the prescribed fluids have come to the fore. Anasarca,
pulmonary edema, myocardial stress, acute lung injury (ALI), acute kidney injury,
as well as the secondary abdominal compartment syndrome have all been described
as unintended consequences of plasma volume expansion following critical illness or
injury [1–3]. It is important to note that these events occur with both crystalloid
and colloid therapy, although at different rates.

Equally importantly, both crystalloids and colloid may create hyperchloremic
metabolic acidosis. It is clear that colloids will do so at a slower rate than crystal-
loids principally related to their improved efficiency with regard to plasma volume
expansion. Since colloid resuscitation generally requires less total volume, less total
chloride is delivered and hyperchloremic metabolic acidosis occurs less rapidly. The
genesis of hyperchloremic metabolic acidosis, as well as its significance, has been
hotly debated over the last several decades [4–6]. Previously, the forces creating
hyperchloremic metabolic acidosis were ascribed to simple dilution, and the signifi-
cance of the acidosis minimized to a laboratory curiosity. Current investigations
into hyperchloremic metabolic acidosis and its consequences embrace a diametri-
cally opposed perspective. The focus of this chapter is to explore the mechanisms
underpinning hyperchloremic metabolic acidosis as well as the impact of hyperch-
loremic metabolic acidosis on immunobiology, resuscitation, clotting, and oxygen
delivery.

Mechanisms Underpinning pH Regulation: A Physico-chemical
Approach

Plasma volume expansion impacts acid-base balance in predictable manners
depending on the type and volume of infused fluid. The physical chemical approach
articulated by Stewart provides a mechanistic means of understanding how plasma
volume expansion alters pH by assessing changes in plasma charge [7–10]. The phy-
sico-chemical approach describes three independent variables that determine the
pH in an aqueous milieu, such as human plasma: The strong ion difference (SID),
the sum of associated and dissociated weak acid (Atot), and CO2.
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Strong ions are cations and anions that are dissociated from their partner ions at
physiologic pH. Examples of strong ions include Na+, K+, Ca2+, Mg2+ and Cl-. At
physiologic pH, anions with pKa values 4.0 including lactate, sulfate, and β-
hydroxybutyrate also exist as strong ions. Strong cations predominate in the body
leading to a net positive plasma charge that is described as the SID by the following
formula:

SID (�+40) = [Na+ + K+ + Ca2+ + Mg2+] – [Cl- + lactate-]

This net positive charge must be counterbalanced with an equal negative charge to
satisfy the Law of Electrical Neutrality.

The balancing negative charge derives from nonvolatile weak acids accounted for
as Atot. In plasma, these weak acids include albumin and inorganic phosphates.
While the same is true of interstitial fluid, total concentrations in this compartment
are very small. On the other hand, the predominant source of such acids in red cells
is hemoglobin.

Non-volatile weak acids dissociate in body fluids as follows:

Atot ↔ A- + AH

Atot reflects this dynamic equilibrium and provides the second independent control
mechanism for pH as well, as approximately -40 mEq/l of anionic charge to maintain
electrical neutrality. The vast majority of this charge stems from albumin and phos-
phate in patients without organ failure. Sulfates, β-hydroxybutyrate, and other
anionic entities may contribute in those with organ failure.

Finally, the partial pressure of CO2 (PCO2) is a direct measure of blood-dissolved
CO2 versus pulmonary CO2 clearance efficiency. The arterial PCO2 (PaCO2) is, there-
fore, an equilibrium value determined by the balance between CO2 production
(�15,000 mmol/day) and pulmonary CO2 elimination (ventilation). In areas where
PCO2 is less directly controlled by alveolar ventilation (e.g., venous blood and inter-
stitial fluid during low flow states), the total CO2 concentration (TCO2) becomes a
significant independent variable [11]. The relative charge balance between SID and
Atot determines the direction of the following equation, which describes water disso-
ciation in human plasma:

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3
-

Other nomenclatures that need to be recognized and understood are as follows:

The apparent strong ion difference (SIDa) is the difference between the sums of
all measured cations and strong anions.
The effective strong ion difference (SIDe), on the other hand, represents the
effect of the corrected PCO2 and the non-volatile weak acids on the balance of
electrical charges in plasma.
The difference between the calculated SIDa and SIDe defines the strong ion gap
(SIG). The calculated SIG is, therefore, an estimation of the actual SIG as only
the most abundant ions are measured and used for its calculation.

In healthy humans, the SIG should equal zero, although ranges of 2 have been
reported in healthy volunteers as well as hospitalized patients without critical illness
[12, 13]. Increases or decreases in SIG occur with critical illness as well as with plasma
volume expansion [12, 14]. For instance, an increased SIG, defined as > 2 mEq/l, indi-
cates the accumulation of unmeasured anions in blood as a cause of acidosis [15]. A
strong correlation between the SIG and the albumin- and lactate-corrected anion gap
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Fig. 1. Charge balance in blood
plasma. “Other cations” include
Ca++ and Mg++. The strong ion dif-
ference (SID) is always positive (in
plasma) and SID–SIDe (effective)
should equal zero. Any difference
between SIDe and apparent SID
(SIDa) is the strong ion gap (SIG)
and presents unmeasured anions.
A- is the dissociated weak acids
(mostly albumin and phosphates).
From [55] with permission

has been demonstrated [16]. It is unclear what species contribute to SIG elevation or
depression and these species are therefore termed ‘unmeasured ions’ (Fig. 1).

Understanding the principles that govern the three independent pH control
mechanisms allows one to explore how different fluids generate hyperchloremic
metabolic acidosis.

Effects of Plasma Volume Expansion on pH

Commonly utilized fluids for plasma volume expansion are either absolutely or rela-
tively hyperchloremic with regard to human plasma (Table 1). For instance, 0.9 %
saline solution has 154 mEq/l of both sodium (Na+) and chloride (Cl-). This gener-
ates a SIDa of zero for saline. While the Na+ is higher than plasma, the Cl- is mark-
edly higher, making saline absolutely hyperchloremic with regard to plasma. Lac-
tated Ringer’s solution has 130 mEq/l of Na+ and 110 mEq/l of Cl-. The Na+ is below
that of plasma while Cl- is at the upper limit of many laboratory reference ranges.
Thus, lactated Ringer’s solution is relatively hyperchloremic since the Na+ is much
lower than normal. Delivering both of these fluids should predictably increase
plasma Cl- concentrations.

The net effect of hyperchloremia may be most easily understood by evaluating its
impact on SIDa. As Cl- concentration increases, the net positive charge of the SIDa
diminishes. As a result, compensatory mechanisms designed to preserve plasma

Table 1. Composition of common crystalloids

Na+ (mEq/l) K+ (mEq/l) HCO3
- (mEq/l) Cl- (mEq/l) Ca2+ (mEq/l)

0.9 % sodium chloride
(normal saline)

154 – – 154 –

0.45 % sodium chloride
(half-strength normal saline)

77 – – 77 –

Hartmann’s solution 131 5 29 111 2

Lactated Ringer’s solution 130 4 28 109 2.7

Hyperchloremic Metabolic Acidosis: More than Just a Simple Dilutional Effect 223

VI



electrical neutrality act to increase the plasma positive charge. Humans are 55 molar
with respect to water, providing a readily available and exchangeable pool of pro-
tons. By driving the following equation to the right, plasma positive charge increases
as a result of increased proton concentration that one clinically detects as a dimin-
ished pH.

CO2 + H2O ↔ H2CO3 ↔ H+ + HCO3
-

Other compensation mechanisms similarly act to decrease the plasma negative
charge, minimizing the absolute increase in proton concentration (and decreased
pH) required to restore electrical neutrality. According to the Law of Conservation
of Mass, the most readily available pool of negative charge that may be consumed to
change the attributable charge is albumin; approximately 78 % of the negative
charge stems from exposed histidine residues [17]. Thus, the decrease in albumin
observed with plasma volume expansion, which is often attributed to simple dilu-
tion, truly reflects albumin consumption to decrease plasma negative charge. More-
over, since phosphate exists in small concentration in plasma, renal excretion as well
as bone uptake will serve to decrease the negative charge of SIDe as well

Thus, the genesis of hyperchloremic metabolic acidosis is readily understood
based on changes in plasma charge as a result of electrolyte derangements, not just
simple dilution. An in-depth analysis of the various permutations of pH derange-
ments has been published previously [18]. The previously unanswered question is
whether the decreased pH derived from hyperchloremia is clinically relevant or just
an unimportant laboratory curiosity. Several lines of evidence highlight hyperchlo-
remic metabolic acidosis as a clinically relevant entity that deserves therapeutic
abrogation and, perhaps more importantly, conscious avoidance.

Clinical Consequences of Hyperchloremic Metabolic Acidosis

The clinical consequences of hyperchloremic metabolic acidosis may be conve-
niently grouped into several discrete domains, including fluid resuscitation and
electrolyte manipulation, pulmonary compensation, ALI, coagulation cascade,
microvascular flow, and immune activation or suppression. Exploring the data
underpinning each of these areas will highlight the clinical relevance of hyperchlo-
remic metabolic acidosis and the attendant therapeutic interventions available to
the intensivist.

Fluid Resuscitation and Electrolyte Manipulation

It is clear that well-intentioned plasma volume expansion with sufficient volume of
hyperchloremic solutions will lead to hyperchloremic metabolic acidosis. However,
recognition of acidosis in the early phase of critical illness or injury often incorpo-
rates arterial blood gas analysis, or increasingly, venous blood gas analysis with
some manipulation to correct for the expected increase in venous PCO2 compared to
the arterial side. These analyses are often accompanied by a lactate level, further
enabling acid-base analysis. Later, especially for patients in the intensive care unit
(ICU), arterial access is limited, and acid-base analysis hinges on the relationship
between bicarbonate and standard base excess (SBE).

Metabolic acid-base disturbances arise from abnormalities in SID, Atot, or both.
Of note, neither SID nor Atot need to be measured independently to quantify the
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metabolic acid-base status at the bedside: The SBE was developed to specifically
address this situation [13, 14, 19, 20]. The SBE is calculated from buffer base offsets
by assuming a mean extracellular hemoglobin concentration of 50 g/l and relies on
the measured plasma bicarbonate level to arrive at its value according to the follow-
ing formula:

SBE = 0.93 × {[HCO3
-] + 14.84 × (pH – 7.4) – 24.4}

A standard reference range for SBE is 3.0 mEq/l. The range around zero reflects
the change in extracellular SID needed to normalize metabolic acid-base status with-
out changing Atot. A negative deviation exceeding –3.0 mEq/l reflects the increase in
extracellular SID needed to correct an existing metabolic acidosis. Likewise, if the
SBE is greater than +3.0 mEq/l, a metabolic alkalosis exists and the positive devia-
tion from zero represents the extracellular SID needed to correct this.

Given the reliance of the SBE on the measured plasma bicarbonate level, and
understanding that bicarbonate is a dependent variable, hyperchloremic metabolic
acidosis will necessarily decrease the plasma bicarbonate and, therefore, the SBE. If
this relationship is not appreciated, a decreased bicarbonate and SBE may be misin-
terpreted for acidosis related to hypoperfusion [21]. Paradoxically, the prescription
(plasma volume expansion) may worsen the underlying problem (acidosis) by fur-
ther worsening hyperchloremia.

The clinician has several options open to correct a pre-existing hyperchloremic
metabolic acidosis, usually related to plasma volume expansion. Since the underly-
ing mechanism is providing a chloride excess (relative to sodium), providing fluids
that are hypochloremic with regard to plasma creates a simply applied repair strat-
egy. The authors employ the following fluids to achieve this goal:

Maintenance: 5 % dextrose in water + 75 mEq/l NaHCO3 at a body weight
calculated rate
Plasma volume expansion: half strength normal saline solution + 75 mEq/l
NaHCO3 provided at bolus fluid volumes.

Colloids are also used as another mechanism to decrease total chloride loading.
Since the authors are constrained to use US Food and Drug Administration (FDA)
approved plasma volume expanders, Hextend (6 % hydroxyethyl starch [HES] in a
balanced salt solution; Hospira; Abbott Park, IL) is the fluid of choice as albumin is
suspended in saline. Hextend is suspended in a less hyperchloremic solution (Cl- =
120 mEq/l) than is 5 % albumin (Cl- = 154 mEq/l).

Pulmonary Compensation/Acute Lung Injury

The most critically ill patients often require massive plasma volume expansion, espe-
cially in the current era heralded in by the sentinel early goal-directed therapy study
in 2001 [22]. An emergency department study interrogating the interplay of plasma
volume expansion and the onset of ALI for patients with non-pulmonary injury
delineated a strong correlation between the post-resuscitation base deficit (more
strongly than fluid volume or injury severity score [ISS]) and the likelihood of devel-
oping ALI [23]. Patients who developed ALI received approximately four additional
liters of plasma volume expansion compared to those who did not. Those additional
four liters of plasma volume expansion translated into a lower pH and a greater base
deficit (SBE) that was judged to be due to hyperchloremic metabolic acidosis as lac-
tate levels and organ failures were similar on arrival in the emergency room.
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The juxtaposition of ALI and massive plasma volume expansion (with or without
blood component transfusion) creates a vast potential for ventilator-induced lung
injury (VILI). Since critical illness and injury commonly create a capillary leak syn-
drome, extravascular lung water accumulation is predictable, and contributes mark-
edly to decreased compliance. As the pulmonary compensation for acute acidosis is
an increased minute ventilation to deliberately decrease PCO2 and increase pH, this
strategy carries a significant risk of accelerated intra-tidal shear and biotrauma due
to an increased frequency of gas exchange through swollen, narrowed airways and
partly collapsed alveolar units [24, 25].

Furthermore, acidosis interacts with the inducible nitric oxide (NO) synthase
(iNOS) enzyme pathway according to a rat model of pulmonary epithelium. Overac-
tivity of iNOS can lead to peroxynitrite-induced protein destruction and provide an
apototic trigger for endothelial cells. Rat lung function was assessed at two different
pHs (7.36 and 7.14) [26]; acidotic rats demonstrated increased iNOS activity as well
as lower PO2 levels in the absence of another cause for ALI. Of note, interleukin (IL)-
6 levels were also markedly increased in acidotic rats compared to their normal pH
counterparts. Thus, acidosis of any cause impairs pulmonary function on multiple
levels, providing a strong impetus for pH correction and avoidance of iatrogenically
induced acidosis.

Coagulation Cascade

The ‘lethal triad’ of hypothermia, acidosis and coagulopathy is well described fol-
lowing injury [27]. The interplay of acidosis and coagulopathy is less well described,
and often these entities are thought of as accompanying each other rather than hav-
ing a causal relationship. Recall that the clotting cascade relies on both platelet con-
formational changes as well as the activity of serine proteases. As proteases, the clot-
ting factors have pH optima and enzyme kinetics that are impaired by both acidosis
and hypothermia [28, 29]. Since the dominant fluid utilized in conjunction with
blood component therapy infusion is saline, careful attention should be paid to
avoiding hyperchloremic metabolic acidosis in that setting. Clearly, relatively small
volumes (< 2000 ml) will have little impact on pH. However, patients with exsangui-
nating hemorrhage often receive plasma volume expansion with large volumes of
crystalloid fluids in addition to massive transfusion of blood component elements.

While enhanced survival is reported with massive transfusion protocol activation
following near-exsanguination after injury, recent attention has focused on the ratio
of packed red blood cells (RBCs) to units of fresh frozen plasma (FFP) citing
improved survival with a 1:1 ratio [30]. While blood components generally have nor-
mal electrolytes, these components are transfused into patients who have already
undergone plasma volume expansion with dilution of clotting cascade elements in
the setting of lactic acidosis that is compounded by an iatrogenic hyperchloremic
metabolic acidosis. Thus, avoiding hyperchloremic metabolic acidosis is an intelli-
gent means of supporting the activity of the clotting cascade, which is already
impaired from hypoperfusion-associated acidosis and further crippled by hypother-
mia [31].

A provocative operating room study assessed patients undergoing open abdomi-
nal aortic aneurysm repair as a model for large volume blood loss and resuscitation
[32]. Patients were resuscitated intra-operatively with either saline or lactated
Ringer’s solution according to a pre-established protocol. The saline resuscitated
patients demonstrated the predicted acidosis, received sodium bicarbonate infusion
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to correct the acidosis, and evidenced greater cell saver volumes of shed blood and
required greater amounts of packed RBC, FFP, and platelet transfusion. The
increased resource utilization and allogeneic exposure was linked to the induced aci-
dosis in this study.

Microvascular Flow

While tremendous effort has been devoted to measuring and supporting cardiac
performance as a means of providing oxygen delivery to support oxygen utilization,
less effort is devoted to measuring microvascular flow at the organ level. Several
studies have investigated microvascular flow in the buccal mucosa, and skeletal mus-
cle domains [33–35].

Two important studies bear directly on this topic with regard to acidosis. The first
study evaluated deltoid tissue oxygen by means of an implanted probe pre-, intra-,
and post-operatively for the 1st 24 hours after elective major surgery [36]. Two groups
were created based on the fluid choice for plasma volume expansion – one group
received lactated Ringer’s solution and one received a low molecular weight (130 kDa)
and degree of molar substitution (0.4) HES. Resuscitation was performed according to
a protocol including blood transfusion for hemoglobin concentration < 8 g/dl. While
no demographic or care differences were noted between the groups, the deltoid tissue
PO2 was markedly decreased in the crystalloid group and enhanced in the colloid
group by the end of surgery and was more pronounced by the following morning. The
explanation for this observation stems from the second study.

Normal human RBC were assessed in media of different pH and queried for RBC
volume and viscosity at low and high flow rates [37]. Importantly, acidosis predict-
ably increased RBC volume by �7 % (as assessed by hematocrit) – an effect that was
reversed by acidosis abrogation with NaOH, akin to correction of pH with NaHCO3
in the clinical circumstance. It is currently unclear whether the RBC volume increase
is sufficient to impair spectrin function in supporting RBC rheology, but merits fur-
ther investigation [38, 39]. Moreover, acidosis also resulted in an increase in viscos-
ity at both low and high flow rates. These data support the need to correct hyperch-
loremic metabolic acidosis, and indeed any acidosis, as a means of supporting
microvascular flow. Moreover, these data may provide an explanation for the ‘no-
reflow’ phenomenon identified after tissue ischemia and oxygenated reperfusion.

The no-reflow phenomenon was comfortably attributed to lipid peroxidation and
endothelial dysfunction as a result of toxic oxygen metabolites during oxygenated
reperfusion of previously dysoxic tissue beds [40, 41]. However, it is important to
recall that these beds are also vasodilated and acidic from anaerobic metabolism
with high regional lactate concentrations [42]. Flow resumption directs RBCs into a
zone of significant acidosis, which in turn leads to RBC swelling. If swollen RBCs are
delivered to capillary beds that are in tissue beds swollen from edema accrued dur-
ing plasma volume expansion, the capillary cross-sectional diameter may be nar-
rowed leading to RBC sludging, capillary obstruction and rouleaux formation [43].
This hypothetical scheme is plausible based upon the above physiology, and would
also help understand how restoration of systemic oxygen delivery may not meet oxy-
gen utilization during the reperfusion phase after significant hypoperfusion [44, 45].
Hyperchloremic metabolic acidosis may also impair hemoglobin’s ability to trans-
port and unload oxygen at the tissue level as a result of the Haldane effect.

Initially articulated in 1914, the Haldane effect relates the interplay of hemoglobin
with oxygen, chloride, and protons [46]. The Haldane effect hinges on the premise
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that the reduced (deoxygenated) form of hemoglobin is a better proton acceptor
than the oxidized (oxygenated) form. Le Chatelier’s principle is described by the fol-
lowing equation:

CO2 + H2O H2CO3 H+ + HCO3
-

Accordingly, it is apparent that deoxygenated hemoglobin will drive the reaction to
the right as a result of the Law of Mass Action. Therefore, the enhanced affinity of
deoxyhemoglobin for protons enhances the synthesis of bicarbonate, which is the
major transport form that CO2 assumes in blood. In essence, more HCO3

- is carried
in the RBC interior than would otherwise be possible, and consequently more H+

binds to hemoglobin. Conversely, the Haldane effect promotes the dissociation of
CO2 from hemoglobin in the presence of oxygen. Thus, the summative equation for
the Haldane effect may be best summarized as:

H+ + HbO2 H+ Hb + O2

It has been demonstrated that the reversible binding of chloride to hemoglobin in
deoxygenated blood occurs at those sites that have been newly protonated by the Hal-
dane effect [47]. Accordingly, the converse may also be true: Cl- binding enhances the
Haldane effect, as Cl- binding electrostatically stabilizes the deoxygenated state (with
the effect that Cl- decreases hemoglobin’s oxygen affinity). Thus, hyperchloremic meta-
bolic acidosis may impair tissue level oxygen delivery by stabilizing hemoglobin in the
deoxygenated state while enhancing hemoglobin’s CO2 transport ability [48].

Immune Activation or Suppression

Fluid resuscitation strategies have employed several different regimens spanning
crystalloids and colloids including albumin, starches of different molecular weights
and degrees of molar substitution as well as dextrans. When incubating human
polymorphonuclear leukocytes (PMNs) with each of these different solutions, the
most potent trigger of oxidative burst activity is crystalloids [49]. Thus, it would
appear that standard US resuscitation strategies prime human neutrophils for
immune activation and inflammation.

A rat cecal ligation and puncture model of intra-abdominal sepsis explored the
immune activating effects of deliberate acidosis induction using a 0.1N HCl solution
[50]. The more negative the SBE, the lower the achieved mean arterial pressure
(MAP). Nitrite levels peaked in the group with SBE of -5 to -10 mEq/l and then
decreased with progressive acid load. A separate study tied NO activity to lipopoly-
saccharide (LPS) stimulation as a necessary component to increase nitrite production
in a RAW cell model [51]. In this model, NO production was maximal at a pH of 7.0
and then declined at a pH of 6.5, perhaps reflecting enzymatic derangements with
progressive acidosis. Similar pH-linked effects were noted for IL-6 and IL-10 release
in this model as well. However, when assessing the IL-6:IL-10 ratio as a measure of
the intensity of inflammatory to anti-inflammatory influences, maximal pro-inflam-
matory activity was noted at the lowest pH range (6.5). These data support the notion
that acidosis progressively and independently increases inflammation. The clinically
relevant corollary is that acidosis merits correction as a means of potentially reduc-
ing inflammatory stimuli in an integrated approach to managing patients with severe
sepsis and septic shock.

Nuclear factor-kappa B (NF-κB) activity has been hailed as a means of assessing
subcellular triggering along inflammatory pathways. Similar to the IL-6:IL-10 ratio,
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LPS-stimulated cells demonstrate enhanced NF-κB activity compared to unstimula-
ted cells. Curiously, all acidoses do not appear similar with regard to immunomodu-
lation (in this model). While a general pattern of decreased activity or production in
a wide variety of inflammatory markers was demonstrated for decreased pH ranges
from the addition of lactic acid to the media, a different pattern was observed when
pH was decreased using HCl. In particular, increased NO activity and iNOS mRNA
were noted with HCl (similar to hyperchloremic metabolic acidosis) while these
were decreased at identically decreased pH ranges due to lactic acid.

Survival

Whether hyperchloremic metabolic acidosis impacts survival in an independent
fashion has been assessed in a variety of pre-clinical and clinical studies. Using an
Escherichia coli LPS (endotoxin) infusion sepsis model, rats were resuscitated with
either saline, lactated Ringer’s solution or Hextend to identical pre-determined
goals. Predictable and anticipated changes in SID as a result of chloride loading were
noted in the saline animals with concomitant decreased SBE and pH (i.e., hyperchlo-
remic metabolic acidosis) [52]. Mean survival time inversely correlated with the
absolute increase in Cl- concentration and was, therefore, significantly reduced for
the saline resuscitated animals compared to those resuscitated with Hextend (lowest
total chloride delivery group).

Lactic acid represents a readily measurable metabolic acid the absolute value of
which as well as its trend over time has been utilized to predict outcome after injury
[6, 53]. In a recent retrospective study of overall hospital mortality, lactic acidosis
portended the worst prognosis (mortality rate = 56 %) compared to other forms of
acidosis [54]. In this study, acidosis derived from unmeasured ions (i.e., SIG-associ-
ated) accrued a 39 % mortality rate, while that attributable to hyperchloremic meta-
bolic acidosis was 29 % (Fig. 2). It is important to note that patients without acidosis
who required critical care had a 26 % mortality rate.

Fig. 2. Mortality associated with the major ion contributing to the metabolic acidosis [54]. Hospital mortal-
ity associated with the various etiologies of metabolic acidosis (standard base excess (SBE) < –2). Mortality
percentage is mortality within each subgroup, not a percentage of overall mortality. ‘Lactate’ indicates that
lactate contributes to at least 50 % of the SBE; ‘SIG’, SIG contributes to at least 50 % of SBE (and not lac-
tate); ‘hyperchloremic’, absence of lactate or SIG acidosis and SBE < –2; ‘none’, no metabolic acidosis (SBE

–2 mEq/l). SIG, strong ion gap. p < 0.001 for the four-group comparison.
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Conclusion

It is increasingly clear that plasma volume expansion in sufficient quantity to alter
plasma electrolyte concentrations may significantly impact plasma acid-base bal-
ance. As evidence mounts that iatrogenically driven electrolyte abnormalities create
deleterious effects on diverse systems, it becomes increasingly incumbent upon the
practitioner to regard plasma volume expanders as medications instead of as
expected commensals of care. This chapter has explored how hyperchloremic meta-
bolic acidosis influences the pulmonary system, coagulation, immune activation,
and survival. Insufficiently explored aspects of electrolytically driven acidosis and
immune activation includes how fluid selection drives unmeasured ion genesis and
how those species influence survival [12, 14]. Early data suggest a negative impact
upon survival, but longitudinal study is required. At present, the clinician can
understand how hyperchloremic metabolic acidosis is generated, repair strategies
once hyperchloremic metabolic acidosis is established, and the deleterious conse-
quences of leaving hyperchloremic metabolic acidosis unrepaired.
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