
8080

ABSTRACT

Ongoing evolution of prehospital medical care continues to 
advance beyond tactical field care scenarios in the consider-
ation of prolonged field care. This is even more important 
to consider in theaters with extended evacuation times and 
limited local medical assets. The critical regulatory functions 
of electrolytes such as sodium, potassium, calcium, and glu-
cose require medics operating in these environments to have 
a strong, fundamental knowledge of the principles, manifes-
tations, and initial stabilization measures to aid their patients 
prior to, or in lieu of evacuation. Continued development and 
access to point of care testing in increasingly forward deployed 
settings further enables medics to perform these tasks. Here, 
we provide a brief review of these vital electrolytes, as well as 
additional kidney function evaluation considerations, to assist 
medics in their treatment efforts. Specific concerns for battle-
field and atraumatic presentations are addressed.

Keywords: military; laboratory; sodium; potassium; calcium; glu-
cose; electrolytes; creatinine

Introduction
Electrolyte regulation underlies the basic function and stability 
of most body processes, allowing for cellular and physiologic 
homeostasis. Electrolyte evaluation and monitoring may not 
be considered a priority in prehospital patient management, 
however when available its importance in completing an as-
sessment and treatment plan cannot be overstated. Traumatic 
and atraumatic patients can present with significant electro-
lyte derangements, ranging from mild and asymptomatic to 
severe and life-threatening. The current use of urgent evacua-
tion assets is inconsistent between theaters and not guaranteed 
in future conflicts. As such, it necessitates medic foundational 
knowledge of electrolyte pathophysiology to manage patients 
when movement to higher care is unavailable.
Scenarios to consider:
• A 28-year-old man is brought into your aid station for

“nearly passing out” after filling sandbags for the past sev-
eral hours. Your junior medic witnessed the event and de-
scribes that the patient slowly slumped down to the ground 
and that he appeared confused prior to moving him. As your 
medic starts to get vitals, he asks if you want to run an iSTAT 
(Abbott, www.globalpointofcare.abbott/). What are you 
look ing for using this test? How can it help direct your care?

• A 20-year-old woman is rushed into your medical bay
screaming. Those carrying her in describe that she was se-
curing loose crates on the deck due to the stormy weather
when a stack tipped over and fell on her left leg. Her leg
appears mangled and bleeding, although the bleeding is
largely controlled by the tourniquet they applied. While
you look to evacuate her, it appears this may be difficult
due to inclement weather. Could electrolyte evaluation help
you further manage this patient? What treatments would
you consider for abnormalities?

• A 35-year-old man is brought to your tent by his squad
after “having a seizure” a few minutes ago. His Soldiers de-
scribe “shaking all over,” but he appears to be doing better
now. They tell you he has been working through today’s
102°F heat to get their deadline vehicles fixed and that he
has been drinking water throughout the day but are unsure
about food intake. What insight could electrolyte evalua-
tion provide as part of your assessment?

Electrolytes help regulate cellular stability and electrical impulse 
transmission throughout our body, facilitating skeletal muscle 
movements, neural cognition, and routine cardiac function. 
Proper electrolyte function involves maintaining different con-
centrations within the extracellular fluid (ECF) and intracellular 
fluid (ICF), with ECF being the levels tested in blood samples. 
Most electrolyte concentrations are measured in milliequiva-
lents per liter (mEq/L) unless otherwise specified. Problematic to 
initial suspicion of electrolyte derangement is that most symp-
toms can be broad, nonspecific, overlapping, and in some cases 
concurrent in the atraumatic patient, to include headache, mus-
cle cramping, weakness, lethargy, malaise, confusion, agitation, 
combativeness, near-syncope and syncope. These include ab-
normal levels of sodium, potassium, calcium, and glucose, with 
further renal evaluation as available (Table 1). Here, we present 
a brief review of basic electrolyte evaluation and management 
for medics in remote and prolonged field care settings.

TABLE 1  Basic Electrolyte Measurements

Electrolyte Normal Range

Sodium (Na+) 135–145mEq/L

Potassium (K+) 3.5–5.0mEq/L

Ionized Calcium (iCa) Hypocalcemia < 1.20 mmol/L

Glucose 70–99mg/dL fasting 
70–140mg/dL nonfasting*

*May be as high as 200mg/dL in nonfasting in nondiabetic persons.
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Sodium
Sodium (Na+), most commonly found in table salt (NaCl) and 
seawater, is also the primary electrolyte found in most routinely 
used resuscitative fluids, such as normal saline (0.9% NaCl) 
and lactated Ringer’s (LR). It is also used as the diluent for ad-
ministration of medications, e.g., tranexamic acid via “piggy-
back.” Normal range for sodium is generally 135–145mEq/L, 
with hyponatremia defined as below 135mEq/L and hyperna-
tremia as above 145mEq/L.6

Hyponatremia (Low Sodium)
Hyponatremia (Na+ <135mEq/L) is the most common electro-
lyte disorder, found in up to 30% of acutely ill patients and of-
ten related to the intense physical nature of military training.6–11 
Hyponatremia can be classified as hyperosmolar (increased 
fluid volume from ICF to ECF without enough commensurate 
increase in sodium), iso-smolar (a displacement of ECF fluid by 
high protein or lipid levels), or hypoosmolar (impaired water 
excretion and increased reabsorption with significant intersti-
tial space redistribution). In most active-duty persons in ex-
treme environmental conditions, hyperosmolar hyponatremia 
will be the most common presentation, resulting from im-
proper hydration with electrolyte-poor fluids (instead of sports 
drinks or oral rehydration salts) during intense physical activ-
ity.6,8,9,12,13 This is commonly referred to as “water intoxication” 
or “exercise-associated hyponatremia.”6,8,9,12,13 In addition to 
vague symptoms common to electrolyte imbalances, presenta-
tions specifically concerning for severe hyponatremia include 
seizures, presenting initially or in the course of management.6,8 
Conversely, some patients may be asymptomatic.6 Monitoring 
for hyponatremia should be considered in burn patients due to 
loss of extracellular sodium caused by increased cellular per-
meability. This should be managed as per Joint Trauma System 
(JTS) clinical practice guidelines (CPG), however they are not 
mentioned in JTS CPGs for prolonged care.14

Severity may be labeled as mild (130–134mEq/L), moderate 
(120–129mEq/L) or severe (<120mEq/L), but these cut-offs 
are not universal, and some equate symptomatic hyponatre-
mia as severe hyponatremia.5 Others propose hyponatremia is 
only clinically significant below 130mEq/L, and these patients 
constitute only about 10% of all hyponatremia cases.1,5,6,15 
Once established, initial hyponatremia treatment balances 
acuity, laboratory values and clinical findings. Acute hypona-
tremia is defined as known or suspected onset less than 48 
hours prior to presentation, likely in military cases of water 
intoxication.6,16 Less likely cases of chronic hyponatremia 
present 48 hours after onset.17,18

Acute hyponatremia should be suspected in most military set-
tings, with a treatment focus on free water restriction and so-
dium replacement. Hyponatremia in the alert patient can be 
treated with oral replacement therapy in the form of rehydra-
tion salts or commercial sports drinks, although intravenous 
(IV) fluid replacement can be concurrently utilized if avail-
able.1,5,6 If the patient cannot tolerate oral fluids, IV therapy –  
normally in the form of saline – should be used.

There is broad support for the use of hypertonic saline (3% 
NaCl) given over 10 minutes when hyponatremia manifests 
with seizures.1,5,6,13 This is generally recommended as a one-time 
IV treatment of 100cc, although some argue for repeat dosing 
up to three times if seizures persist.5,6,13 While correcting se-
rum sodium should be aggressively pursued, medics must be 

cognizant of the dangers posed by overcorrection. Correction 
of hyponatremia aims to prevent cerebral edema and brain her-
niation. However, rapid overcorrection of hyponatremia risks 
osmotic demyelination syndrome (ODS), with myelin sheath 
destruction resulting in severe and sometimes irreversible brain 
damage.16–20 ODS is commonly manifested by gait disturbances, 
seizures, and paresis. Although ODS is more common in over-
correction of chronic hyponatremia, it has been documented 
to occur in treatment of acute hyponatremia.6,18–20 Even most 
severe hyponatremia symptoms, to include seizure, may resolve 
after a 4–6mEq/L rise within the first 24 hours of treatment.1,5,6 
The 24-hour correction targets range from 6–12mEq/L, with 
caution for smaller and slower rates for chronic hyponatre-
mia.1,5 In mildly hyponatremic patients, values can be rechecked 
every 6–12 hours, while more severe patients should be tested 
every 2–4 hours to reevaluate interventions.

Hypernatremia (Excess Sodium)
Hypernatremia (Na+ > 145mEq/L) describes a hyper-osmolar 
state with excess sodium in the ECF. Hypernatremia can be 
classified as hypervolemic (excessive sodium retention without 
commensurate water retention), isovolemic (loss of free wa-
ter), or hypovolemic (decreased fluid volume from ICF to ECF 
without excretion of sodium). In military patients, hypernatre-
mia could stem from excessive water loss in acute illness (fever, 
diarrhea), or low free water intake (due to nonavailability or 
poor hydration).2–4,21,22 Isolated high sodium intake occurs less 
frequently.5 Additionally, environmental heat can trigger ex-
cessive water loss relative to sodium, to include thermal burn 
injuries.14,23

Hypernatremia symptoms may present vaguely, but more 
suggestive symptoms include excessive thirst and/or excessive 
urination (polyuria).2,22 Neurologic symptoms occur as brain 
cells shrink secondary to intracellular fluid shifts, which can 
trigger cerebral vascular rupture and intracranial hemorrhage, 
resulting in severe headache syndromes.2,5 Hypovolemic hy-
pernatremia present with extreme thirst complaints and an 
overall “dry” appearance, including abnormal skin turgor.3,24 

Conversely, patients may be completely asymptomatic.3,25

Severity classifications are not universal, although concentra-
tions greater than 160mEq/L generally establishes a “severe” 
diagnosis.5 Treatment of hypernatremia balances symptom se-
verity with laboratory values and rates of correction. While 
overall volume replacement is generally the goal of treatment, 
correction should be pursued over a 24- to 48-hour period 
to avoid cerebral edema from rapid water movement into de-
hydrated brain cells.3,5 Despite variation in correction rates, 
most agree serum sodium should not be lowered more than 
8–12mEq/L within a 24-hour period.2,3,5,22,26 Alert patients can 
be encouraged to drink free water, while those unable to take 
oral fluids can be treated with hypotonic IV fluids such as dex-
trose 5% (containing 0mEq/L of Na+), 0.45% NaCl (77mEq/L 
Na+), or LR (130mEq/L Na+) for likely hypovolemia.2,5,22 Free 
water via nasogastric tube may be considered in the uncon-
scious or intubated patient. Correction rates should be deliber-
ate and controlled with serial lab draws, but no consensus on 
frequency exists, requiring telemedicine consult in prolonged 
field care.

Potassium
Potassium (K+) is the most abundant intracellular cation, 
with over 75% of body stores found within skeletal muscle 
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compared to only about 2% of total body stores found in 
ECF.27–29 Along with sodium, potassium helps to maintain 
electrical membrane stability, and altering ECF sodium con-
centrations (as in cases of IV saline administration), can im-
pact potassium levels.27 Potassium homeostasis is controlled 
partly by the kidneys, and despite its relatively low levels in the 
circulating ECF, shifts in potassium concentrations can have 
significant effects on muscle, specifically cardiac tissue.27–30 
The normal range for potassium is generally 3.5–5mEq/L, 
with hypokalemia defined below 3.5mEq/L and hyperkalemia 
as above 5mEq/L.27,28,30

Hypokalemia (Low Potassium)
Hypokalemia (K+ < 3.5mEq/L) commonly results from im-
paired renal regulation and retention of potassium, with much 
rarer instances of insufficient intake.27,29–31 Given pervasive 
hypertension diagnoses, and treatment to include the use of 
diuretics (such as hydrochlorothiazide), a brief medical his-
tory is important in suspected or diagnosed hypokalemia. 
However, in an otherwise healthy servicemember, more acute 
losses through vomiting and/or diarrhea are the most com-
mon causes of hypokalemia.27,30 Additionally, hypokalemia 
has been documented in military cases of environmental hy-
pothermia and hyperthermia, the latter both with and without 
significant exertion.32–34

Hypokalemia is often asymptomatic, but beyond vague elec-
trolyte derangement symptoms, patients may present with 
numbness, tingling, and palpitations, with decreased deep 
tendon reflexes on exam.30,35,36 If electrocardiogram (ECG) is 
used, hypokalemia can manifest with decreased or flattened 
T waves and the growth of a subsequent U wave.27,30,35,37 As 
severity progresses, sinus bradycardia, ventricular tachycar-
dia or fibrillation and torsades de pointes can develop.30,35,37,38 
Cardiac monitoring should be used to monitor treatment ef-
fects when an abnormal ECG is present. Additionally, all pa-
tients with hypokalemia should be evaluated for magnesium 
levels, if available, as refractory hypokalemia can result from 
hypomagnesemia.30

Hypokalemia treatments are dependent on level of severity, 
with a focus on identifying and treating underlying causes as 
well as direct electrolyte replacement. Severe hypokalemia can 
be defined as a serum level less than 2.5mEq/L; however, ECG 
or other abnormal exam findings supersede laboratory values 
in making the diagnosis.30,36 Conversely, nonsevere hypoka-
lemia can then be defined in patients with potassium above 
2.5mEq/L without symptoms or ECG findings.

In stable, alert patients, oral potassium supplementation is 
preferred, although caution is warranted for gastric irritation 
and possible ulceration.29 Low dosages (20–40mEq tablets) 
should be diluted in other oral fluids to reduce this risk.30 IV 
potassium replenishment in more severe or otherwise unstable 
patients is given as a “piggyback” fluid with saline or LR due 
to its caustic nature on vasculature, but should not be given 
in dextrose-containing fluids as this can prolong hypokale-
mia due to triggered endogenous insulin release.30 For every 
1mEq/L deficit, approximately 200–400mEq of potassium is 
required for correction.27,29,39 In non-severe hypokalemia, oral 
potassium tablets or IV doses of 10–20mEq/L can be given 
hourly, with no more than four doses in a 24-hour period.30 
More severe cases require repeat up to 40mEq/L adminis-
tered three to four times a day.27,29,39 Replacement with IV 

concentrations greater than 40mEq/L generally requires cen-
tral venous access due to its vesicant effect in smaller vessels 
which can cause loss of IV access.29 Serum levels can be re-
checked every 2–4 hours, although there is no firm consensus 
on frequency. Resuscitation should proceed slowly to avoid 
overcorrection and risk of rebound hyperkalemia (below).30,36

Hyperkalemia (High Potassium)
Hyperkalemia (K+ > 5mEq/L) has numerous causes, most com-
monly from pseudohyperkalemia, or a false elevation due to 
cell lysis during blood collection.30,40 Despite this, findings of 
hyperkalemia should not be lightly dismissed. Rhabdomyoly-
sis is the most common cause of hyperkalemia in the setting 
of extreme exertion. This diagnosis is associated with diffuse 
muscle aches, as well as dark urine (myoglobinuria). Military 
trauma patients who have sustained battlefield injuries such 
as crush and burn injuries, should be evaluated for hyperkale-
mia, as high levels of ICF potassium are released into the ECF 
during tissue destruction.30,41,42 Specifically, prolonged field 
care of trauma patients are at risk of acute kidney injury (AKI) 
which may worsen hyperkalemia.41

Hyperkalemia assessment focuses on cardiac manifestations 
with complaints of symptomatic palpitations, best evaluated 
through ECG and cardiac monitoring. Although not always 
present, peaked T waves are pathognomonic for hyperkale-
mia; however, ECG manifestations may also show PR interval 
prolongation, loss of p waves, and widening QRS as severity 
progresses.30,35,41,43 Conversely, ECGs may appear largely unre-
markable despite the presence of significant hyperkalemia.35,42

Regardless of mild (K+ = 5.5–6.5mEq/L) or moderate-severe 
(K+ > 6.5mEq/L) hyperkalemia classification, the initial evalu-
ation of hyperkalemia in the mild or asymptomatic atraumatic 
patient should include consideration of repeat sampling to 
confirm initial findings and exclude pseudohyperkalemia.30,40 
Once this is done, treatment should be initiated with concerns 
for short progression of severity and possibly fatal dysrhythmia 
manifestations from cardiac effects.29,30,42 A largely two-prong 
approach for treatment focuses on cellular membrane stabili-
zation and transcellular shifting therapies (from ECF to ICF). 
Calcium, generally given in the form of calcium gluconate (1g 
ampule via slow IV push), aids cardiac membrane stabiliza-
tion and should be administered as a temporizing measure in 
the presence of ECG changes.30,41,44 Alternatively 1g of calcium 
chloride can be given via IV push or diluted in a 50mL mini-
bag and given over 10 minutes. The use of calcium gluconate 
to treat trauma-induced coagulopathy may make this interven-
tion readily available, although calcium chloride can be given 
(via central line access only given its caustic nature and risk 
of tissue necrosis).30,41 Medics should be mindful that calcium 
supplementation is strictly for membrane stabilization, and 
will not significantly lower serum potassium levels.30,45 Cal-
cium administration can be repeated after 5 minutes if there is 
no significant ECG changes.30,45

Concurrent treatment to shift excess potassium from the ECF 
to ICF should be considered for continued patient manage-
ment. These include the use of β-agonist medications, such as 
albuterol (20mg in 4mL of saline nebulized over 10 minutes), 
given to alert patients with positive airway control.30,41,44 In-
sulin (10–20 units IV) is highly recommended to drive potas-
sium back into the ICF, but should be given concurrently with 
one ampule of D50W per 10U of regular insulin) to prevent 
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hypoglycemia.30,41,45,46 Sodium bicarbonate (one 50mEq am-
pule IV push) may be considered, but is generally reserved for 
patients with concomitant acidosis (military literature spe-
cifically advises against its use unless blood pH is less than 
7.2).41,44,46 Especially in cases of suspected rhabdomyolysis, 
IV fluids should be given often and early to replenish fluid 
losses and dilute ECF potassium.34 The diuretic furosemide 
may be considered to aid renal excretion, but this should be 
balanced against suspected renal injury, as abnormally high 
doses may be required to attain effect.30,41 Although unlikely 
to be available in remote settings, medics may consider the use 
of potassium removing oral agents such as sodium polystyrene 
sulfonate (better known as Kayexalate), although some cau-
tion may be warranted given a few extremely rare case reports 
of bowel necrosis.41,44,45 

Potassium reevaluation frequency is scattered but can be 
considered at 1- to 4-hour intervals or longer depending on 
severity and evaluation capacity.30,41,42 Continuous cardiac 
monitoring should be utilized until potassium levels return to 
normal ranges, with repeat ECGs performed with subsequent 
laboratory evaluation.30,41,42 

Calcium and Hypocalcemia
Calcium (Ca2+) helps regulate cellular membrane stability, es-
pecially important in cardiac muscle. Prehospital point of care 
testing generally measures calcium not bound to proteins, 
known as ionized calcium (iCa). In military medicine, calcium 
loss is primarily concerning in traumatic hemorrhage given its 
coagulation cascade prominence and the “lethal diamond” 
resulting when combined with hypothermia, acidosis, and co-
agulopathy that demonstrates increased patient mortality.47–49 
Definitions of hypocalcemia vary (generally iCa < 4.5mg/dL 
or < 1.2 mmol/L), but severity focuses beyond laboratory cut-
offs to include symptomatic progression, cardiac findings, and 
hemorrhage implications.47,50 The transfusion of chelated blood 
products risks citrate toxicity and worsening hypocalcemia in 
hemorrhage.47,50,51 Acute evaluation in atraumatic patients may 
reveal perioral paresthesias, muscle cramping, Chvostek’s sign 
(facial muscle twitching with facial nerve tapping), and Trous-
seau’s sign (involuntary wrist flexion when blood pressure cuff 
is inflated 20mmHg above systolic blood pressure for 3 min-
utes).52,53 Hypocalcemia-induced prolonged cardiac cell repo-
larization manifests as QT prolongation on ECG, which can 
progress to lethal torsades de pointes if untreated.54

Treatment of hypocalcemia in the hemorrhagic shock patient 
should be initiated immediately with blood product resuscita-
tion. JTS guidelines advise for initial dosing of 1g of calcium 
(as 30mL of 10% calcium gluconate or 10mL of 10% calcium 
chloride) with initial transfusion, and an additional gram after 
every 4 units of blood products are given.50 Although calcium 
monitoring is recommended, no specified frequency is recom-
mended in military literature. Additional measurements may 
be considered with each calcium dose, specifically with every 
4 units of blood products given, and after any cardiac changes 
on monitoring, in order to maintain an iCa > 1.2 mmol/L.

Glucose
Glucose is the body’s primary energy source, generally ob-
tained from carbohydrate breakdown or hepatic glucone-
ogenesis. It additionally functions as a vital cotransporter 
for cellular electrolyte movement. Blood glucose levels are 
primarily regulated through a balance of insulin, facilitating 

cellular storage, and glucagon, which mobilizes stored energy 
for conversion to glucose (gluconeogenesis). Both hormones 
are produced by the pancreas. Normal glucose levels gener-
ally range between 70mg/dL and 99mg/dL in a fasted state 
and less than 140mg/dL in a non-fasted state, but random lev-
els can generally be as high as 200mg/dL without concerns.55 
Dysregulation of blood glucose primarily results from diabetes 
mellitus, occurring from an outright lack of insulin (type 1) or 
insulin receptor resistance (type 2). As diabetic patients can 
require specialty care and may quickly deteriorate in the set-
ting of trauma or disease, the diagnosis is considered a bar to 
deployment status and by regulation results in submission for 
medical discharge.56 However, the remote medic should not 
therefore assume all military patients do not have these condi-
tions, as both can present after entering active service, and can 
be present in co-located civilian counterparts.57,58

Hypoglycemia (Low Blood Glucose)
The most common cause of hypoglycemia is overdose of diabe-
tes controlling medications. While recent strenuous activity, di-
etary restrictions, and starvation may suggest the diagnosis, this 
information may be unavailable on initial evaluation. Hypogly-
cemia (blood glucose < 70mg/dL) can manifest with diaphoresis, 
palpitations, and behavioral and neurocognitive changes (given 
the brain’s high glucose consumption relative to other body sys-
tems). While 70mg/dL is often the cut-off for diagnosis, more 
severe symptoms generally present with levels below 55mg/
dL.55,59,60 Immediate treatment depends largely on patient cogni-
tion. If able, oral supplementation with 15–20g of simple carbo-
hydrates is recommended via an apple juice box or 2 tablespoons 
of cake frosting or table honey.60,61 Resourceful medics can like-
wise use small amounts of candy or other carbohydrate-rich bev-
erages. Patients unable to tolerate oral supplementation (severely 
altered or impaired) should be treated with IV glucose. While 1 
ampule of dextrose 50% (D50W) is traditionally recommended, 
administration should be done only via 18g or larger angiocath-
eter, with caution for risk of extravasated tissue necrosis with if 
extravasation occurs, as well as for rebound hypoglycemia.62,63 
Lesser complication concerns exist for IV D10W, though a greater 
volume is required to have a significant effect.62,63

Hyperglycemia (random blood glucose > 200mg/dL) may man-
ifest with excessive thirst, frequent urination or less specific 
symptoms. This can occur secondary to insulin dysregulation 
(undiagnosed or improperly treated diabetes mellitus) or stress 
release of the hormone cortisol as occurs secondary to infec-
tion.64,65 Evaluation includes search for underlying cause, with 
further evaluation (including venous blood gas and lactate, if 
available) to exclude diabetic ketoacidosis and hyperosmolar 
hyperglycemia state.66 The use of IV fluids may help initially, 
but persistent hyperglycemia generally requires short-acting 
insulin (0.1mg/kg given subcutaneously or intravenously).66,67 
Particular care should be made to evaluate for potassium lev-
els prior to insulin administration, as insulin can shift potas-
sium and cause hypokalemia (described above). Labs should 
be repeated every 30–120 minutes, depending on presentation, 
and additionally within 20–30 minutes after completion of in-
terventions. Medics should note that subsequent blood sugar 
levels below 200mg/dL are a relative goal, and further evalu-
ation and management should include specialty consultation.

Creatinine and Blood Urea Nitrogen
Though not common to all point of care testing, evaluation 
for overall renal dysfunction can help explain electrolyte 
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derangements, and if available, should be pursued. Renal pro-
cessing of metabolic wastes depends on the proper function 
of the glomerulus (the functional unit of the kidney). This 
is best estimated by the glomerular filtration rate (GFR), a 
measurement not available with most point of care testing. 
However, serum creatinine (Cr) serves as an effective marker 
of kidney function, helps estimate GFR and can establish a 
diagnosis of AKI, with assistance from blood urea nitrogen 
(BUN) levels.68–70 A byproduct of natural muscle catabolism, 
creatinine is continuously produced and found in a normal 
range of 0.6–1.2mg/dL.68,71 The constant clearance of circu-
latory wastes (with low and stable levels) signifies healthy re-
nal function, while elevated levels establishing AKI. Military 
literature varies on AKI incidence, with 13–34% of modern 
battlefield casualties, but no significant trends for disease and 
non-battle injury.72–74 Additionally, rhabdomyolysis and crush 
injuries can cause significant AKI through traumatic cellular 
destruction.72

Elevated creatinine levels indicate AKI with varying severity 
generally on a three-tier system alongside urine output (UOP) 
findings (Tables 2 and 3).68 While UOP levels are diagnostically 
helpful, they are best used in cases of prolonged care and are 
difficult to quantify in the initial evaluation of the acutely pre-
senting patient. The use of creatinine as a surrogate marker for 
GFR, and subsequent diagnosis of AKI, has been repeatedly 
trialed for diagnostic calculators, including the Acute Kidney 
Injury Network (AKIN) classification system for patients with-
out prior kidney disease (Table 4).75–77 As part of initial patient 
evaluation, medics should be aware of nutritional supplements, 
as supplemental creatine is popular amongst military popula-
tions and can result in artificially elevated serum levels.78–81

TABLE 2  AKI Diagnostic Criteria

Measurement Timeframe

Increase SCr ≥ 0.3mg/dL Within 48 h

Increase SCr ≥ 1.5 × baseline Known or presumed within 7 days 
of measurement

UOP < 0.5mL/kg/h 6 continuous hours

SCr = serum creatinine, UOP = urine output.

TABLE 3  AKI Staging

Stage

Serum Creatinine

Urine OutputMultiplier from baseline Increase

1 1.5–1.9 × baseline ≥ 0.3mg/dL < 0.5mL/kg/h for 
6–12 hours

2 2.0–2.9 × baseline n/a < 0.5mL/kg/h for 
> 12 hours

3 3.0 × baseline ≥ 4.0mg/dL < 0.3mL/kg/h for 
≥ 24 hours
OR 
anuria ≥ 12 hours

During the course of initial evaluation, medics and telemedicine 
consultants may find it helpful to utilize a BUN to creatinine 
ratio model, which helps discriminate prerenal causes, such as 
dehydration, from those intrinsic to the kidney itself.82,83 Urea 
helps to regulate fluid and sodium levels in conjunction with 
the kidneys. Normal BUN levels range from 5–20mg/dL.84 A 
reduction in BUN excretion can stem from dehydration, in-
creasing serum levels disproportionately above that of serum 
creatinine.83,84 Therefore, an elevated BUN/creatinine ratio 
greater than 20:1 is suggestive of prerenal azotemia, generally 
secondary to dehydration.84 However, medics should be aware 

that significant gastrointestinal bleeding (from peptic ulcer 
disease, cancer, or other causes) can increase BUN secondary 
to intestinal red blood cell digestion.85,86 Additionally, other 
less emergent causes of BUN elevation should be considered, 
including exogenous corticosteroid use (dexamethasone, pred-
nisone, methylprednisolone), general muscle catabolism (re-
cent weight loss), and increased protein intake (namely from 
red meat).84,85

A BUN/creatinine ratio less than 20:1 suggests intrinsic renal 
failure, which can result from a number of causes.84,85 These 
include acute tubular necrosis from ischemic injury or toxins, 
glomerulonephritis from infection complications (streptococ-
cal pharyngitis) or idiopathic complications.85 Ischemic injury 
can result from decreased renal perfusion secondary to se-
vere hypovolemia, especially prominent in cases of traumatic 
hemorrhage.72–74

While there are numerous concerning causes for AKI described 
above, in the absence of trauma immediate concerns for re-
mote medicine should focus on likely prerenal causes, primar-
ily dehydration, and subsequent treatment with IV fluids. The 
liberal use of IV crystalloids for resuscitation can significantly 
improve subsequent laboratory findings and the overall clini-
cal picture, and may begin with clinical suspicion of diagnosis 
or risk of AKI given non-hemorrhagic presentation (to include 
initial treatment of crush injuries), but vigilance for compre-
hensive patient evaluation and continued monitoring is im-
portant.42 Laboratory levels may temporarily improve after IV 
fluids, but medics must continue to consider and evaluate for 
other underlying causes with repeated laboratory checks every 
2–4 hours to evaluate for fluid responsiveness in addition to 
consultation depending on suspected mechanism. 

Conclusion
With emergent evaluation in austere environments and the 
possibility of protracted remote care in prolonged field care 
scenarios, medics should be prepared to assess and treat com-
mon electrolyte derangements. The increasing availability of 
point-of-care testing devices for electrolytes necessitates con-
current increased knowledge of these pathologies and initial 
stabilization modalities.
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