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DDx/Algorithms

Table 8–1. Acid–Base Disturbance: Laboratory Characteristics of Primary or Single Acid–Base Disturbance

Disturbance
Acute

Primary
Change

Partial
Compensatory

Response
Arterial

pH

Serum
[K+]

(meq/L)

Unmeasured
Anions
(Anion
Gap1)

Clinical Features

Normal None None 7.35–
7.45 3.5–5.0 12–18 None

Respiratory
acidosis

Pco2 ↑
(co2
retention)

↑ Hco3– ↓ ↑ N

Dyspnea, polypnea, respiratory
outflow obstruction, ↑ anterior-
posterior chest diameter, rales,
wheezes. In severe cases, stupor,
disorientation, coma.

Respiratory
alkalosis

Pco2 ↓
(co2
depletion)

↓ Hco3– ↑ ↓ N or ↓
Anxiety, occasional complaint of
breathlessness, frequent sighing, lungs
usually clear to examination, positive
Chvostek and Trousseau signs.

Metabolic
acidosis

Hco3−

depletion
↓ Pco2 ↓ ↑ or ↓ N or ↑

Weakness, air hunger, Kussmaul
respiration, dry skin and mucous
membranes, poor skin turgor. In
severe cases, coma, hypotension,
death.

Metabolic
alkalosis

Hco3−

retention
↑ Pco2 ↑ ↓ N Weakness, positive Chvostek and

Trousseau signs, hyporeflexia.

1Anion gap = ([Na+] + [K+]) − (Hco3− + [CI−]) = 12–18 meq/L normally.

Reproduced, with permission, from Stobo JD et al (editors). The Principles and Practice of Medicine, 23rd ed.
Originally published by Appleton & Lange. Copyright © 1996 by Appleton & Lange.
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ACID–BASE DISTURBANCES: Diagnostic approach. GI = gastrointestinal.
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ADRENAL MASS: Diagnostic evaluation. CT = computed tomography; DHEA-S = dehydroepiandrosterone
sulfate; 17-KS = 17-ketosteroids; MRI = magnetic resonance imaging.

ADRENOCORTICAL INSUFFICIENCY (HYPOCORTISOLISM): Laboratory evaluation of suspected
adrenocortical insufficiency (hypocortisolism). ACTH = adrenocorticotropic hormone. (Modified, with
permission, from Miller WL, Tyrrell JB. The adrenal cortex. In: Endocrinology and Metabolism, 3rd ed. Felig P,
Baxter JD, Frohman LA [editors]. McGraw-Hill, 1995.)

AMENORRHEA OR OLIGOMENORRHEA: Diagnostic laboratory evaluation for amenorrhea or
oligomenorrhea. Primary amenorrhea is defined as the failure of menses to appear by age 16. Secondary
amenorrhea is defined as occurring in women who have secondary sexual characteristics, have experienced
menarche, and are presenting with consistently absent menses (more than 3 consecutive months).
Oligomenorrhea is defined as scanty menses, or menses occurring at intervals of >35 days with only 4–9
menstrual periods in 1 year. Pregnancy must be ruled out before pursuing the testing outlined in the algorithm.
APS = autoimmune polyglandular syndrome; CAH = congenital adrenal hyperplasia; E2 = estradiol; FSH =
follicle-stimulating hormone; FT4 = free thyroxine; LH = luteinizing hormone; MRI = magnetic resonance
imaging; PCOS = polycystic ovarian syndrome; PRL = prolactin; TSH = thyroid-stimulating hormone.
(Modified, with permission, from Gardner DG, Shoback D [editors]: Greenspan's Basic & Clinical
Endocrinology, 9th ed. Copyright © 2011 by The McGraw-Hill Companies, Inc.)

ANEMIA: General considerations and initial evaluation. The initial evaluation of anemia should include
complete blood cell count, reticulocyte count and review of peripheral blood smear. G6PD = glucose-6-
phosphate dehydrogenase; HE = hereditary elliptocytosis; HS = hereditary spherocytosis; LDH = lactate
dehydrogenase; MAHA = microangiopathic hemolytic anemia; MCV = mean corpuscular volume; PK =
pyruvate kinase; PNH = paroxysmal nocturnal hemoglobinuria.

ASCITES: Diagnostic evaluation. CHF = congestive heart failure; GLU = glucose (mg/dL); LDH = lactate
dehydrogenase (IU/L); PMN = polymorphonuclear neutrophil (cells/mm3); RBC = red blood cell count
(cells/mm3); SAAG = serum-ascitesalbumin gradient (g/dL); TP = total protein (g/dL); WBC = white blood cell
count (cells/mm3). (Modified, with permission, from Feldman M, Friedman LS, Brandt LJ [editors]. Sleisenger
and Fordtran's Gastrointestinal and Liver Disease: Pathophysiology, Diagnosis, Management. 9th ed. Saunders,
2010.)

BLEEDING DISORDERS, INHERITED: Evaluation of suspected inherited bleeding disorders. PAI-1 =
plasminogen activator inhibitor 1; PFA-100 CT = platelet function analyzer-100 closure time; PT =
prothrombin time; PTT = partial thromboplastin time; TT = thrombin time; vWD = von Willebrand disease;
vWF = von Willebrand factor.

CUSHING SYNDROME (HYPERCORTISOLISM): Diagnostic evaluation of suspected Cushing syndrome
(hypercortisolism). ACTH = adrenocorticotropic hormone; CT = computed tomography; HPLC = high-
performance liquid chromatography; MRI = magnetic resonance imaging.

GOITER: Diagnostic evaluation and management strategy. CT = computed tomography; FNA = fine-needle
aspiration; MRI = magnetic resonance imaging; RAI = radioactive iodine; T4 = L-thyroxine. TSH = thyroid-
stimulating hormone. (Modified, with permission, from Goldman L, Bennett JC [editors]. Cecil's Textbook of
Medicine, 22nd edition. Saunders, 2004.)

HEMOCHROMATOSIS: Diagnostic evaluation of suspected hemochromatosis. HHC = hereditary
hemochromatosis. SF = serum ferritin; TS% = transferrin-iron saturation percentage (serum iron/total iron
binding capacity × 100%).

HIRSUTISM: Evaluation of hirsutism in females. Exceptions occur that do not fit this algorithm. CT =
computed tomography; DHEAS = dehydroepiandrosterone sulfate; FSH = follicle-stimulating hormone; LH =
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luteinizing hormone. (Reproduced, with permission, from Fitzgerald PA [editor]. Handbook of Clinical
Endocrinology, 2nd edition. Originally published by Appleton & Lange. Copyright © 1992 by the McGraw-Hill
Companies, Inc.)

HYPERALDOSTERONISM: Laboratory evaluation of suspected hyperaldosteronism. AVS = adrenal venous
sampling; CT = computed tomography; MRI = magnetic resonance imaging; PAC = plasma aldosterone
concentration (ng/dL); PRA = plasma renin activity (ng/mL/hr); PAC/PRA ratio = plasma aldosterone
concentration to plasma renin activity ratio.

HYPERCALCEMIA: Diagnostic approach to hypercalcemia. PTH = parathyroid hormone (measured by intact
PTH assay); PTHrP = PTH related protein; PSA = prostate specific antigen; SPEP = serum protein
electrophoresis; UPEP = urine protein electrophoresis; ↑ = increase; ↓ = decrease.

HYPERTHYROIDISM: Laboratory evaluation. FT4 = free thyroxine; T3 = 3,5,3′-triiodothyronine; TSH =
thyroid-stimulating hormone. (Modified with permission from Gardner DG, Shoback D [editors]. Greenspan's
Basic & Clinical Endocrinology, 9th edition. Originally published by Appleton & Lange. Copyright © 2011 by
the McGraw-Hill Companies, Inc.)

HYPOCALCEMIA: Diagnostic approach to hypocalcemia. PTH = parathyroid hormone.

HYPONATREMIA: Evaluation of hyponatremia. CHF = congestive heart failure; CNS = central nervous
system; GI = gastrointestinal; NG = nasogastric; RTA = renal tubular acidosis; SIADH = syndrome of
inappropriate antidiuretic hormone; UNa+ = urinary sodium (mg/dL). (Adapted, with permission, from Narins
RG et al. Diagnostic strategies of fluid, electrolyte, and acid-base homeostasis. Am J Med 1982;72:496.
[PubMed: 7036739])

HYPOTHYROIDISM: Diagnostic approach. FT4 = free thyroxine; TPOAb+ = thyroid peroxidase antibodies
positive; TPOAb– = thyroid peroxidase antibodies negative; TSH = thyroid-stimulating hormone.

INFERTILITY, FEMALE: Evaluation of female infertility. FSH = follicle-stimulating hormone; GnRH =
gonadotropin-releasing hormone; LH = luteinizing hormone; PID = pelvic inflammatory disease; PRL =
prolactin; TSH = thyroid stimulating hormone.

INFERTILITY, MALE: Evaluation of male factor infertility. ART = assisted reproductive technologies; FSH
= follicle-stimulating hormone; LH = Luteinizing hormones; PRL = prolactin; TSH = thyroid-stimulating
hormone. (Adapted, with permission, from Gardner DG, Shoback D [editors]. Greenspan's Basic and Clinical
Endocrinology, 9th edition. McGraw-Hill, 2011.)

PHEOCHROMOCYTOMA: Evaluation and localization of a possible pheochromocytoma. Clinical suspicion
is triggered by paroxysmal symptoms (especially hypertension); hypertension that is intermittent, unusually
labile, or resistant to treatment; family history of pheochromocytoma or associated conditions; or an incidentally
discovered adrenal mass. BP = blood pressure; MIBG = 131I- or 123I-labeled metaiodobenzylguanidine; MRI
= magnetic resonance imaging; PET = positron emission tomography.

POLYCYTHEMIA: Diagnostic evaluation. CBC = complete blood cell count; EPO = erythropoietin; Hb =
hemoglobin; JAK2 = Janus kinase 2 gene.

ISOLATED PROLONGATION OF PTT: Laboratory evaluation. dRVVT = dilute Russell viper venom time;
PTT = activated partial thromboplastin time; vWF = von Willebrand factor; vWD = von Willebrand disease.

PULMONARY EMBOLISM: Diagnostic strategy for patients with suspected pulmonary embolism. CT =
computed tomography; DVT = deep venous thrombosis; PE = pulmonary embolism; V/Q scan = ventilation-
perfusion scan. (Modified from Le Gal G et al. Prediction of pulmonary embolism in the emergency department:
the revised Geneva score. Ann Intern Med 2006;144:165. [PubMed: 16461960])

http://www.ncbi.nlm.nih.gov/pubmed/7036739
http://www.ncbi.nlm.nih.gov/pubmed/16461960
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SLEEP DISTURBANCE: Diagnostic evaluation. Poor sleep hygiene refers to products or behaviors that can
interfere with sleep, such as caffeine, alcohol, and tobacco, intense exercise in the evening, and irregular sleeping
schedule. CNS = central nervous system; CPAP = continuous positive airway pressure; EMG =
electromyelogram; MSLTs = multiple sleep latency tests (note: patient must be off antidepressants and
stimulants to undergo an MSLT); PSG = polysomnography.

ACQUIRED THROMBOCYTOPENIA: Diagnostic approach to acquired thrombocytopenia. DIC =
disseminated intravascular coagulation; HELLP syndrome = hemolytic anemia, elevated liver enzymes, and
low platelet count; HIT = heparin-induced thrombocytopenia; HIV = human immunodeficiency virus; HUS =
hemolytic uremic syndrome; ITP = idiopathic thrombocytopenic purpura; TTP = thrombotic thrombocytopenic
purpura.

THROMBOCYTOSIS: Diagnostic evaluation of sustained thrombocytosis. CML = chronic myeloid leukemia;
ET = essential thrombocythemia; FISH = fluorescence in-situ hybridization; JAK2 = Janus kinase 2 gene;
MPL = myeloproliferative leukemia gene; MPN = myeloproliferative neoplasms; PCR = polymerase chain
reaction; PMF = primary myelofibrosis; PV = polycythemia vera.

VENOUS THROMBOSIS: Evaluation for possible hypercoagulability (thrombophilia) causing venous
thrombosis. CHF = congestive heart failure; CMPD = chronic myeloproliferative disorder; dRVVT = dilute
Russell viper venom clotting time; MTHFR = methylene tetrahydrofolate reductase; PCR = polymerase chain
reaction; PNH = paroxysmal nocturnal hemoglobinuria.

THYROID NODULE: Diagnostic evaluation. FNA = fine-needle aspiration; TSH = thyroid-stimulating
hormone. (Modified, with permission, from Burch HB. Evaluation and management of the solid thyroid nodule.
Endocrinol Metab Clin North Am 1995;24:663.)

TRANSFUSION: Blood donation and preparation of blood components. CMV = cytomegalovirus; FFP = fresh
frozen plasma; HBV = hepatitis B virus; HCV = hepatitis C virus; HIV = human immunodeficiency virus;
HTLV = human T-cell leukemia virus; WNV = West Nile virus.

ACETAMINOPHEN TOXICITY: Nomogram for prediction of acetaminophen hepatotoxicity following acute
overdosage. The upper line defines serum acetaminophen concentrations known to be associated with
hepatotoxicity; the lower line defines serum levels 25% lower than those expected to cause hepatotoxicity. To
give a margin for error, the lower line should be used as a guide to treatment. (Modified and reproduced, with
permission, from Rumack BH, Matthew H. Acetaminophen poisoning and toxicity. Pediatrics 1975;55:871.
Reproduced by permission of Pediatrics. Copyright © 1975.)

ACID–BASE NOMOGRAM: Shown are the 95% confidence limits of the normal respiratory and metabolic
compensations for primary acid–base disturbances. (Reproduced, with permission, from Brenner BM, Rector FC
[editors]. Brenner & Rector's the Kidney, 8th ed. Saunders/Elsevier, 2008.)

THE COAGULATION CASCADE: Schematic representation of the coagulation pathways. The central
precipitating event is considered to involve tissue factor (TF), which under physiologic conditions, is not
exposed to the blood. With vascular or endothelial cell injury, TF acts together with Factor VIIa and
phospholipids (PL) to convert Factor IX to IXa and Factor X to Xa. The "intrinsic pathway" includes "contact"
activation of Factor XI by XIIa-activated high molecular-weight kininogen complex (XIIa-HKa). Factor XIa
converts Factor IX to IXa, which, in turn, converts Factor X to Xa, in concert with Factor VIIIa and PL. Factor
Xa is the active ingredient of the "prothrombinase" complex, which includes Factor Va and PL, and converts
prothrombin to thrombin (TH). TH cleaves fibrinopeptides from fibrinogen, allowing the resultant fibrin
monomers to polymerize, and converts Factor XIII to XIIIa, which cross-links the fibrin clot. TH also accelerates
and augments the process (in dashed lines) by activating Factor V and VIII, but continued proteolytic action also
dampens the process by activating protein C, which degrades Factor Va and VIIIa. TH activation of Factor XI to
XIa is a proposed pathway. There are natural plasma inhibitors of the cascade: tissue factor pathway inhibitor
(TFPI) blocks VIIa/TF and thus inactivates the "extrinsic pathway" after the clotting process is initiated;
antithrombin (AT) blocks IXa, and Xa, and thrombin. Arrows = active enzymes; dashed lines with arrows =
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positive feedback reactions, which are considered important to maintain the process after the "extrinsic pathway"
is shut down by TFPI; dashed lines with solid dots = inhibitory effects; PK = prekallikrein. Note that the contact
system (PK, HK, and XII) actually contributes to fibrinolysis and bradykinin formation in vivo, and its role in
initiation of the intrinsic pathway in vivo is questionable.

DERMATOME CHART: Cutaneous innervation. The segmental or radicular (root) distribution is shown on
the right side of the body, and the peripheral nerve distribution on the left side. A: anterior view; B: posterior
view. (Reproduced, with permission, from Simon R et al [editors]. Clinical Neurology, 7th ed., McGraw-Hill,
2009.)

HEPATITIS A: Usual pattern of serologic changes in hepatitis A. ALT = alanine aminotransferase; Anti-HAV
= hepatitis A virus antibody; HAV = hepatitis A virus; IgM = immunoglobulin M; IgG = immunoglobulin G.
(Reproduced, with permission, from Koff RS: Acute viral hepatitis. In: Handbook of Liver Disease. Friedman LS,
Keeffe EB [editors], 2nd ed. © Elsevier, 2004.)

HEPATITIS B: Usual pattern of serologic changes in hepatitis B. ALT = alanine aminotransferase; Anti-HBc =
hepatitis B core antibody; Anti-HBe = antibody to hepatitis B e antigen; Anti-HBs = hepatitis B surface
antibody; HBeAg = hepatitis B e antigen; HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus; HBV
DNA = Hepatitis B viral DNA; IgG = immunoglobulin G; IgM = immunoglobulin M. (Reproduced, with
permission, fromKoff RS: Acute viral hepatitis. In: Handbook of Liver Disease. Friedman LS, Keeffe EB
[editors], 2nd ed. © Elsevier, 2004.)

HEPATITIS C: The typical course of chronic hepatitis C. ALT = alanine aminotransferase. Anti-HCV =
antibody to hepatitis C virus by enzyme immunoassay; HCV RNA [PCR] = hepatitis C viral RNA by
polymerase chain reaction. (Reproduced, with permission, from McPhee SJ, Papadakis MA, Rabow MW
[editors]. Current Medical Diagnosis & Treatment 2012. McGraw-Hill, 2012.)

PARATHYROID HORMONE AND CALCIUM NOMOGRAM. Relation between serum intact parathyroid
hormone (PTH) and serum calcium levels in patients with hypoparathyroidism, pseudohypoparathyroidism,
nonparathyroid hypercalcemia, primary hyperparathyroidism, and secondary hyperparathyroidism. HPT =
hyperparathyroidism. (Used with permission from Gordon Strewler, MD.)

Note: A recent study suggests that a multivariate model that adds clinical and demographic information may
perform better than the nomogram alone. (See O'Neill SS et al. Multivariate analysis of clinical, demographic,
and laboratory data for classification of disorders of calcium homeostasis. Am J Clin Pathol 2011;135:100.
[PubMed: 21173131])

PULMONARY FUNCTION TESTS: SPIROMETRY. Representative spirograms (upper panel) and
expiratory flow-volume curves (lower panel) for normal (A), obstructive (B), and restrictive (C) patterns.
(Reproduced, with permission, from Tierney LM Jr, McPhee SJ, Papadakis MA [editors]. Current Medical
Diagnosis & Treatment 2005, 44th ed. McGraw-Hill, 2005.)

SALICYLATE TOXICITY: Nomogram for determining severity of salicylate intoxication after acute ingestion
of non–enteric-coated aspirin preparation. (Modified and reproduced, with permission, from Done AK.
Significance of measurements of salicylate in blood in cases of acute ingestion. Pediatrics 1960;26:800.
Reproduced by permission of Pediatrics. Copyright © 1960.)
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