Making Sense of Blood Gases

I. Introduction


A. Blood gases are often useful in guiding acute bedside management of unstable patients, and they may 



also provide information about possibly unsuspected acute or chronic conditions.


B. Understanding and knowing how to use the information about oxygenation and acid-base status 



provided by a patient's blood gases is an important skill required of providers of acute care.

II. Oxygenation


A. Oxygen delivery to tissues is dependent on oxygen content in the blood as well as cardiac output and 



distribution. This session will deal only with oxygen content of the blood and factors affecting 



tissue oxygen release. Determinants of pO2 (primarily pulmonary function) as well as cardiac 



output/distribution will not be covered here, though they are also very important.


B. Oxygen content in blood is primarily determined by type and quantity of hemoglobin


1. Normal hemoglobin carries oxygenation according to the following equation:




Oxygen content 
=

(Hb    x     1.34    x     % saturation)     +    (pO2    x    0.0031)




a. Note that in a patient with normal hemoglobin and saturation, the overwhelming majority





of oxygen is carried bound to hemoglobin. For example, if the Hb is 14 and pO2 is 100





(resulting in a saturation of 100%), oxygen content is calculated as follows:





O2 
=
(14    x    1.34    x    1)

+ 

(100    x    0.0031)







=
18.76 mL

+

0.31 cc







= 
19.07 mL, where 18.76 mL is carried by Hb and only 0.31 mL is dissolved





If this patient were placed on high FiO2 which resulted in a pO2 of 550, the oxygen content 






would not be markedly increased:





O2 
=
(14    x    1.34    x    1)

+ 

(550    x    0.0031)







=
18.76 mL

+

1.7 mL







= 
20.46 mL, where 18.76 mL is carried by Hb and 1.7 mL is dissolved




b. Consider instead the patient with severe anemia. When Hb is very low, the dissolved 





fraction becomes more important, particularly if the patient is placed on high oxygen in 





order to increase the dissolved fraction. For example, with Hb 3.5 and pO2 100, 





O2 
=
(3.5    x    1.34    x    1)

+ 

(100    x    0.0031)







=
4.69 mL

+

0.31 mL







= 
5 mL, where 4.69 mL is carried by Hb and 0.31 mL is dissolved





If this patient is placed on high FiO2 and achieves a pO2 of 550, the oxygen content will be






significantly increased (though still appallingly low):





O2 
=
(3.5   x    1.34    x    1)

+ 

(550    x    0.0031)







=
4.69 mL

+

1.7 mL







= 
6.39 mL, where 4.69 mL is carried by Hb and 1.7 mL is dissolved





The clinical implication of these calculations is that patients with profound anemia must 





be placed on high oxygen until their hemoglobin can be increased via transfusion.


C. Factors affecting oxygen binding (and hence release in tissues)



1. Oxygen dissociation curves of hemoglobin
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2. Normal adult pO2 is about 97 torr, which corresponds to a saturation of about 97%. (Note that 




the result will vary with sleep state or exercise, and it also varies with age. In particular, 




neonatal pO2 is normally in the 70s, and is also normally lower in geriatric patients).



3. The curves are sigmoid shaped, i.e., they are steepest in the mid-range, where even small




changes in pO2 can make a significant difference in saturation. By the time the pO2 reaches 




100 torr or so, the hemoglobin is fully saturated and increasing the pO2 further will not 




increase saturation further. 



4. Note that several factors can affect the position of the curve of normal hemoglobin, that is, there




is a family of curves rather than one even for normal hemoglobin. One way which is commonly




used to denote which curve is applicable is to use the p50, i. e., the pO2 at which the Hb is




50% saturated. Normal adult hemoglobin at normal pH, temperature, etc. has a p50 of 27 torr,




i. e., it is 50% saturated when the pO2 is 27 torr.



5. The factors which affect the curves are those which tend to make physiologic sense, that is, they 




facilitate oxygen release in the tissues that need it most. Note that if the hemoglobin curve




shifts to the right, the hemoglobin is less-well saturated, that is, it will release more of its




oxygen load. Tissues which are very metabolically active (e. g., exercising muscles) tend to 




have higher temperature and lower pH than quiescent tissues, and these factors facilitate




oxygen release in those tissues.




a. pH: lower pH shifts the curve to the right, while higher pH moves the curve leftward




b. Temperature: increased temperature shifts the curve to the right, while lower temperature





moves it to the left




c. pCO2 : increased pCO2 shifts the curve to the right; lower pCO2 has the opposite effect




d. 2,3-diphosphoglycerate (2,3-DPG)





1). This intraerythrocyte substance plays a significant role in determination of oxygen 






affinity; as its concentration falls, the hemoglobin curve shifts to the left.





2). Note that stored blood tends to suffer a fall in 2,3-DPG level, rendering it less able to






release oxygen in the recipient's tissues (this is less true of deglycerolized cells which 






are frozen rapidly after collection).



5. Other hemoglobins




a. Fetal hemoglobin has a left-shifted curve, i. e., it is better saturated at lower pO2 . The





p50 of fetal hemoglobin is about 19 torr for fetal hemoglobin. This makes physiologic sense 





for the fetus, since a left-shifted curve facilitates oxygen extraction from the mother's 





adult hemoglobin. Note, however, that fetal hemoglobin lingers in significant quantity in 





the young infant for some weeks after birth.




b. Sickle hemoglobin has a right-shifted curve and is only 80% saturated at pO2 100 (which of





itself adversely affects tissue oxygen delivery independent of the decrease in oxygen 





delivery which results from the poor capillary flow of sickled red cells).




c. Methemoglobin binds oxygen almost irreversibly, i. e. it does not function as an oxygen carrier 





for the victim of methemoglobinemia.




d. Carboxyhemoglobin is produced when CO binds to hemoglobin. Because CO has about 250 





times the affinity of oxygen for hemoglobin, it essentially displaces oxygen and renders the 





hemoglobin useless for oxygen transport. Thus the victim of carbon monoxide poisoning has





no tissue oxygen delivery from his COHb, even though his measured pO2 may appear 





reassuringly normal (or even high if he is placed on high FiO2 ).


F. Causes of decreased oxygen content



1. Associated with decreased arterial pO2 




a. Pulmonary disease (intrapulmonary shunt, hypoventilation, diffusion barrier)




b. Decreased FiO2 (e. g., high altitude)




c. Extrapulmonary shunt (e. g., cyanotic heart disease)




d. Decreased mixed venous pO2 associated with decreased cardiac output



2. May be associated with normal or high pO2 




a. Anemia




b. Abnormal hemoglobin

III. Acid-base physiology


A. Cell metabolism proceeds optimally within a fairly tight range of optimal pH, and it is desirable



under most circumstances to maintain the pH within that range. Deviations from normal can be 



sufficiently deleterious to the patient that correction should be undertaken. In addition, recognition



of certain deviations from normal may permit the diagnosis of a chronic condition which may also



affect the optimal clinical approach.


B. Definitions/basics



1. An acid is a substance which serves as a hydrogen ion donor, while a base is a substance which




accepts hydrogen ions. Consider the following reaction in equilibrium:





HA

(       H+       +      A -




In this equation, HA is an acid which can donate a hydrogen ion, while A- is the associated 





base which can accept a hydrogen ion to form the acid. The reaction can proceed in either





direction, depending on the quantities of each of the constituents. Thus adding the acid HA 





to the mixture will tend to drive the equilibrium to the right, liberating more hydrogen 





ions, while adding base will bind hydrogen ions and produce more of the undissociated acid.



2. Note that pH is defined as the negative logarithm of the hydrogen ion concentration, i.e.,
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Two important consequences of this definition are:






a. An increase in pH means a decrease in hydrogen ion concentration





b. The relationship is not linear: a change of 1 pH unit represents a 10-fold change in 







hydrogen ion concentration.



3. Normal pH in most patients is 7.38-7.42 (range of 1 standard deviation), while normal pCO2 is 




38-42 torr. However, in newborns in the first week of life, normal pH is 7.35-7.40, despite the 




fact that normal pCO2 in that age range is lower at 33-35 torr. (Thus newborn blood gases 




suggest mild metabolic acidosis in comparison to normal adult values.




a. Acidosis = pH <7.35, i. e., more than usual free hydrogen ions present




b. Alkalosis = pH >7.45, i. e., fewer than usual free hydrogen ions

C. Compensation for changes in acid-base status



1. Acute compensation is usually achieved by body buffer systems.



2. Chronic compensatory changes are a result of renal, respiratory, and to a lesser extent, of 




gastrointestinal mechanisms.


D. Buffer systems



1. Buffers are generally solutions of a weak acid (i. e., one which does not strongly tend to donate its 




hydrogen ion) and its conjugate base with another cation:






HA

+
A-     +         B  +



One of the best-known buffer systems in the body is the bicarbonate system. In that system, the




the weak acid is carbonic acid, the base is bicarbonate ion, and the alternate cation is usually




sodium:






H2CO3       +   
HCO3-
+          Na+



Note that if hydrogen ion is suddenly added to this mixture, the bicarbonate will bind it to 




produce carbonic acid, thus tying up the otherwise potentially harmful hydrogen ions. If a base 




is added, the carbonic acid will donate hydrogen ions and tend to lessen the acute decrease in




hydrogen ions. Buffer systems thus tend to lessen the pH effect of addition of acid or base.



2. Buffers in organisms are compartmentalized into plasma, red blood cells, and extracellular fluid. 




The bicarbonate system is an important buffer in all compartments, but plasma proteins and 




phosphates have buffering roles in plasma, while hemoglobin (both oxygenated and reduced) 




also plays a role in red blood cells. Only the bicarbonate system will be considered further here.



3. The Henderson-Hasselbalch equation relates pH to the major components of the bicarbonate 




system, which plays a dominant role in pH determination.
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or
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Examination of this equation makes it obvious that if the concentration of bicarbonate rises,





so does the pH, while if pCO2 increases, the pH will fall. Since bicarbonate is controlled to 





major extent by the kidneys, while pCO2 is a result of pulmonary status, this equation has





been written conceptually as:
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E. Longer-term compensatory mechanisms (i. e., slower than the acute buffering systems)



1. Respiratory system regulates pCO2 




a. Note that pCO2 is proportional to the ratio of CO2 production and its excretion in the lungs.







 [image: image6.wmf]



b. In situations of metabolic acidosis, patients will tend to hyperventilate in order to maintain 





a satisfactory pH by decreasing blood pCO2 .




c. In unusual patients with metabolic alkalosis, patients may hypoventilate to some degree in





order to avoid a very high pH.



2. Renal system regulates bicarbonate




a. Resorption of filtered bicarbonate (usually total) tends to maintain the status quo.




b. Alkalinization of urine = incomplete resorption of bicarbonate (note that a cation is required





to accompany the bicarbonate). Excretion of bicarbonate in the urine lowers the plasma





concentration of bicarbonate, that is, it makes the plasma more acidic.




c. Acidification of urine = net excretion of acid in the urine





H2O
+
CO2 

(        H 2CO3  

(  

H+
+ 

HCO3-




The production of carbonic acid from carbon dioxide and water requires carbonic anhydrase 





enzyme. The hydrogen ions produced are excreted in urine combined with phosphate or 





ammonia, while the bicarbonate is returned to the plasma.



3. Gastrointestinal




a. This is usually a relatively unimportant mechanism.




b. In situations of significant chronic metabolic acidosis (e. g., diabetic ketoacidosis), vomiting





results in loss of hydrochloric acid which may lessen total body acid load. 


F. Causes of acid-base derangement



1. Metabolic acidosis




a. Increased acid production





1). Tissue hypoxia resulting in anaerobic metabolism and lactic acid production (this can result not 






only from the previously described deficiencies of tissue oxygen delivery, but it can also result 






from exceedingly high tissue metabolic rate where oxygen demand exceeds oxygen supply, and 






it can also result from poisons such as cyanide which interfere with oxygen usage in the cells).





2). Diabetes mellitus or starvation ketosis (ketoacidosis)





3). Congenital metabolic disorders (methylmalonic aciduria, propionic acidemia, etc.)




b. Inadequate excretion of acid (uremic acidosis, Diamox effect, Sulfamylon use)




c. Unusual loss of bicarbonate





1). Renal tubular acidosis (including the acidosis of aldosterone deficiency)





2). Diarrhea




d. Exogenous acid administration (e. g., ingestion of aspirin, isoniazid, ethylene glycol)




e. Dilutional acidosis (when body water is excessive, serum bicarbonate becomes diluted)




f. Hyperchloremia (e. g., administration of significant quantities of normal saline or 3% saline)




g. Acidosis following prolonged respiratory alkalosis (during which bicarb was excreted)



2. Metabolic alkalosis (note that many of these problems are iatrogenic!)




a. Exogenous bicarbonate administration




b. Unusual loss of gastric acid (e. g., excessive NG suction; can also be seen with emesis of 





primarily stomach contents as in pyloric stenosis)




c. Volume contraction




d. Excessive renal (Lasix!) or GI potassium losses




e. Inadequate intake or excessive losses of chloride (especially in infants with diarrhea)




f. Cystic fibrosis




g. Other (hyperaldosteronism, Bartter syndrome, licorice poisoning, compensation for





chronic respiratory acidosis, etc.)



3. Respiratory acidosis




a. Hypoventilation





1). May result from abnormalities of lungs or airway or thoracic cage/pulmonary mechanics





2). May be due to abnormal respiratory drive (e. g., poisoning, head trauma, seizures)





3). May result from weakness (e. g., myopathies, SMA, Guillain-Barre, botulism)




b. Occasionally may result from increased CO2 production (e.g., malignant hyperthermia)



4. Respiratory alkalosis




a. Iatrogenic hyperventilation




b. Hypoxemic drive (e. g., asthma)




c. Compensation for metabolic acidosis




d. Primary stimulation of the respiratory center (e. g., emotion, aspirin ingestion, pregnancy, 





metabolic encephalopathy, fever, severe liver disease, sepsis, etc.)


G. Clinical interpretation of acid-base disorders



1. Check the pH first in order to determine if the patient is acidotic or alkalotic.



2. Next note the pCO2 and assess whether it may account for any derangement of pH, i. e., does the 




direction of the pCO2 derangement potentially account for the pH abnormality. 




a. If there is acidosis and the pCO2 is high, then primary respiratory acidosis may account for 





the patient's condition, while if there is acidosis with a low pCO2 , the patient probably 





has primary metabolic acidosis and is attempting to compensate by hyperventilating.



3. Note that disorders may be simple (one primary disorder with or without compensation) or




mixed (both respiratory and metabolic components are primarily deranged).



4. Recall that compensatory mechanisms require time, especially renal compensation, which 




requires at least 24 hours to retain excess bicarbonate. Note also that compensatory mechanisms 




generally do not restore pH fully to normal and never overshoot.



5. In assessing the relationship of pH and pCO2 more carefully, not only the direction but the 




magnitude of the abnormalities should be noted. Then it can be seen if the pCO2 abnormality 




fully accounts for the pH change or whether a primary metabolic problem may also be present. 




Quick and dirty rules are:




a. An increase of 10 torr in the pCO2 results in a pH fall of 0.08 and vice versa.




b. An increase in sodium bicarbonate of 10 mEq/liter results in a pH increase of 0.15 and vice versa.




c. Some blood gas machines save the caregiver the need to use such rules and simply 





calculate base excess or base deficit in the results.





1). Base excess (BE) is the amount of acid (in mmol/liter) which would need to be added to 






bring the blood pH to 7.40 if pCO2 were 40. When base excess is positive, the patient 






has metabolic alkalosis and would need the addition of acid to neutralize his pH, 






while the patient with metabolic acidosis has a negative base excess (i. e., acid needs 






to be subtracted to normalize his pH). Normal BE is 0 mmol/liter in adults, while it is 






about -3 mmol/liter in infants. 





2). Note that some blood gas machines (just to confuse the user) report base deficit (BD)






instead of base excess. Base deficit is the negative of base excess. 




d. Use of the algorithms included at the end of this section will permit clarification of simple





and mixed disturbances.




e. The Siggaard-Andersen nomogram allows more precise calculation of BE and other





variables from pH and pCO2 and is a visual representation of the calculations the 





computers in the blood gas machines are using (see end of section).



6. Anion gap 




a. May also be helpful in the interpretation of metabolic acid-base disorders




b. Anion gap is the difference between the major cations and major anions in the blood:






Anion gap 
=
[Na+]
-
{[Cl-] + [HCO3-]}






Normal anion gap is 12 ± 4 mmol/liter




c. Note that some authors include serum potassium among the cations, in which case the normal 





anion gap is proportionately larger. However, most practitioners consider potassium, 





magnesium, calcium, and other cations unimportant in their charge contribution compared





to the sodium , and thus they are usually excluded.




d. The patient is, of course, always electrically neutral, so the anion gap which one calculates 





is an apparent, not a real one. However, plasma proteins, phosphates, sulfates and other 





anions are not routinely measured on blood chemistries, and they account for the "missing" 





anions in the normal anion gap. 




e. Anion gap can be used to assist in the evaluation of metabolic acidosis. Normal anion gap 





metabolic acidosis implies hyperchloremic acidosis, whereas an increased anion gap





implies an unmeasured anion (lactate, sulfate, phosphate, etc.)




f. Causes of increased anion gap acidosis (e. g., normochloremic or hypochloremic acidosis)





1). Lactic acidosis





2). Ketoacidosis





3). Uremia (accumulation of phosphates and sulfates)





4). Ingestion of certain toxins:






a). Salicylates






b). Methanol






c). Ethylene glycol






d). Paraldehyde





4). Inborn errors of metabolism




g. Causes of normal anion gap (hyperchloremic) acidosis





1). Renal loss of bicarbonate (renal tubular acidosis, Diamox or Sulfamylon effect, 






aldosterone deficiency)





2). Gastrointestinal bicarbonate loss (diarrhea)





3). Excess chloride administration





4). Acidosis following prolonged respiratory alkalosis 





5). Dilutional acidosis



7. Note that blood gas results may convey useful information about chronicity of a patient's condition. In 




particular, if a child shows hypercarbia and metabolic alkalosis on his first blood gas (without having 




been given bicarbonate), it suggests that he is chronically hypercarbic or has at least been hypercarbic for 




>24 hours, given that his kidneys have had time to retain bicarbonate. This understanding may modify 




therapy; a child whose pCO2 is always 76 torr probably does not need acute intubation for that pCO2 .

IV. Practicalities of blood gas measurement


A. Source of specimen: arterial versus venous versus heelstick versus bone marrow



1. Arterial blood obtained from an indwelling A-line yields the most accurate results. However, 




clinical practicalities require that alternate sampling means be undertaken in many patients.



2. Capillary blood gases are often obtained in infants and young children. 




a. If the site is well-warmed and the child's cardiac output is sufficient to produce reasonably 





rapid flow, then the pO2 obtained may be clinically useful for assessment of trends. 





However, it is usually significantly different from arterial pO2 .




b. pH and pCO2 in capillary blood are close enough to be used so long as perfusion is reasonable.



3. Bone marrow pO2  has not been studied extensively, but it has been said to approximate a 



capillary result. pH and pCO2 may be used clinically unless the child has severe shock. 



4. Venous gases are often used in place of arterial gases in children with indwelling central lines. 




a. Venous pO2 is not useful in assessing arterial oxygenation. However, a mixed venous pO2 





(ideally obtained from a Swan-Ganz catheter) is sometimes termed "poor man's cardiac 





output" because under circumstances of shock in which tissue oxygen extraction is maximal, 





the mixed venous pO2 will be significantly lower than normal. 





Normal mixed venous pO2 is 40 torr.




b. Venous pH and pCO2 are usually close enough to arterial values to guide clinical 





management.





Normal venous pH is 7.34-7.36, compared to 7.38-7.42 in arterial blood.





Normal venous pCO2 is 44-46 torr, compared to 38-42 in arterial blood.


B. Sampling



1. Fresh stick versus indwelling line




a. Arterial puncture is painful, and in children with shock or inherently small vessels, it is also 





potentially difficult.




b. If the procedure of arterial sampling turns out to be a prolonged ordeal, then the child's





crying or breath-holding in the interim is likely to affect the results significantly.




c. If the child has serious airway pathology (e. g., foreign body at risk to move to a lethal site 





or, in an unimmunized child, epiglottitis), the pain and agitation resulting from attempted





blood gas sampling may be sufficient to provoke arrest. 



2. Risks of arterial blood gas sampling or line placement




a. Spasm or hematoma of the artery chosen may result in distal ischemia and, on occasion, even 





long-term sequelae.




b. Infection is always a risk with an in-dwelling catheter. 




c. If an A-line is flushed too aggressively, back-flow may also result. In the days when 





temporal A-lines were placed in newborns, stroke turned out to be a significant 





possible complication. Even a radial A-line may permit backflow to the central arterial 





circulation, particularly if the child's arm is short and excessive rate or force of infusion is 





used when the line is flushed.



3. Once obtained, the sample must be handled properly. In particular, it should be cleared of all 




bubbles and stored on ice or (ideally) run immediately. 


C. Blood gas oxygen measurement



1. pO2 versus oxygen content: the importance of hemoglobin revisited




a. Note that most blood gas machines measure pO2 and use that result to calculate saturation. 





They do not measure oxygen content, which may be very low if Hb is low or there is 





significant carboxyhemoglobin or methemoglobin, even if pO2 is high. One must always 





note hemoglobin quantity, and if there is suspicion of carbon monoxide poisoning or 





methemoglobinemia, one must specifically measure for those altered hemoglobins.




b. Chronic hypoxia (e. g., from chronic lung disease or cyanotic heart disease) stimulates





Hb production in the patient able to mount such a response. Thus noting a high Hb





(polycythemia) may allow one to assume chronicity of the child's low pO2 .



2. In clinical practice, pulse oximetry is being used in place of blood gas assessment of oxygenation in 




many patients. If a good signal is achieved, saturation is a clinically useful measurement in 




most children. However, it has some limitations which must be recalled:




a. It does not measure oxygen content, so the usual caveats about hemoglobin type and quantity 





must be taken into account as is true with pO2 measurement. In particular, recall that 





pulse oximetry is of no value in the victim of significant carbon monoxide poisoning, and it is 





likely to be reassuringly normal in a very anemic patient as well.




b. It is insensitive in patients in whom high pO2 is of concern: a pO2 of 120 and 550 will 






both result in a measured saturation of 100%.


D. Blood gas assessment of acid/base



1. Blood gas machines measure pH and pCO2 directly and calculate the other variables from those 




results by using the Siggaard-Andersen nomogram (see attachment). Note that some machines 




provide bicarbonate, total CO2 , and base excess or base deficit values in the results, while 




others provide only pH, pCO2 , and pO2 results.



2. If the blood gas specimen is handled properly, the bicarb level calculated may in fact be more




accurate result than that obtained from a chemistry analyzer, since specimens sent for 




electrolyte assay are often allowed to sit for extended periods at room temperature.



3. Continuous pCO2 monitoring has become popular in critical care and emergency settings. 




a. Transcutaneous pCO2 monitoring may correlate reasonably well in children with good





perfusion and thin skin, but a blood gas must be done in order to assess the correlation with





the actual pCO2 . In addition, the monitor must be calibrated and requires significant 





equilibration time after placement, which precludes its use in resuscitation and imposes a





delay whenever the probe is inadvertently dislodged and must be replaced.




b. End-tidal CO2 monitoring is commonly used for intubated patients. However, the reading 





usually is lower than actual pCO2 , and in patients with severe lung disease or shock with





decrease in pulmonary blood flow, the gradient may be very large. (Recall that in arrested





patients, end-tidal CO2 may be very low or even absent, a very negative prognostic factor).
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SA nomogram
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Blood Gas Questions

1. A 2 year old is brought to the ED with acute respiratory distress. His frantic mother says he choked on 


some corn nuts and has been gasping since then. You note that he is anxious and retracting markedly.


He also appears somewhat dusky. A radial artery sample is obtained, and the results are: pH 7.30,


pCO2 56, pO2 39, BE 0


a. How would you characterize this child's acid-base status?


b. What is the oxygen content of this child's blood, assuming his Hb = 12?


c. Is he likely to have suffered damage from his current pO2 or pCO2 ?


d. Were the blood gases a good idea?


e. What therapy does he need?

2. A 3 year old girl with a history of recurrent tonsillitis and snoring has been scheduled for tonsillectomy. 


Pre-op preparations have been completed in standard fashion, but the transport assistant who comes 


to the Short Stay Unit to bring the child to the OR rushes to the nurses' station to report that the child 


is dusky and unarousable. As resuscitation is begun, a femoral arterial stick is undertaken, and the 


following results are obtained: pH 7.30, pCO2 73, pO2 47, BE +6


a. How would you characterize this child's acid-base status?


b. Why do you suppose that she has metabolic alkalosis?


c. What is likely to be responsible for her acute crisis?


d. What therapy should be undertaken at this point?

3. A 4 week old infant is brought to the ED with a history of frequent emesis after feedings. He is otherwise 


alert and feeds eagerly, but his mother notes that he is not gaining weight. (You note that he appears


almost emaciated). His urine output has been decreased over the past few days. Physical exam is 


performed, and a tentative diagnosis is made. Admission labs include:


pH 7.48, pCO2 44, pO2 89 (radial), BE +8; Na+ 136, K+ 3.2, Cl- 90


a. What is this child's bicarbonate level?


b. How would you describe this infant's acid-base status?


c. To what do you attribute the derangement?


d. What therapy does he require at this point?

4. A term male infant is brought to the NICU following delivery complicated by abruption and thick 


meconium staining. Tracheal suctioning was productive of thick meconium and blood. The infant was 


depressed with Apgars 1 and 5. He is now receiving positive pressure ventilation via a 3.5 ET tube. 


Capillary gases are obtained from the left foot on admission: pH 7.04, pCO2 64, pO2 26, BE -14 on 


50% FiO2 .


a. How would you characterize this baby's acidosis?


b. Why might a heelstick gas be inaccurate in this infant?


c. If the capillary gas happened to be true, what would be the expected effect of administering sodium



bicarbonate in the absence of any other changes?


An umbilical artery catheter is inserted. Arterial blood gases are sent: pH 7.15, pCO2 56, pO2 42, BE -10


d. A pulse oximeter on the right hand registers 100% saturation? Is it possible that both the blood gas



and the pulse oximeter are correct?


e. If this infant were to suffer ongoing metabolic acidosis, what factors might be contributing to tissue 



hypoxia?

5. A 6 month old Hispanic male is brought to the ED with fever. His mother states that he has "problemas 


con el corazón" but can give no further details. You note that he is dusky and rather plethoric. There are 


no apparent surgical scars. Arterial blood gases show: pH 7.34, pCO2 40, pO2 32, BE -4, Hb 16.6


a. Characterize his acid-base status.


b. What clue do you have that he is chronically hypoxic?


c. What diagnosis do you suspect in the child?


d. Will oxygen help him?


e. Would you treat him differently than the average 6 month old with fever?

6. Two siblings who were rescued from a house fire are transported to your facility for care. The first child,


a four year old girl, is unconscious with HR 140, R 45, BP 100/78. A chest X-ray is only slightly hazy. 


Arterial blood gases are drawn: pH 7.22, pCO2 36, pO2 260, BE -12; pulse oximeter reads 100%.


a. How would you describe this child's blood gas status?


b. Her electrolytes are: Na+ 141, K+ 4.9, Cl- 99. What is her anion gap?


c. A resident looks at the gases and remarks, "Well, she doesn't need that oxygen; let's take it off so 



the mask doesn't frighten her when she wakes up!" Is that a good idea?


d. Is the pulse oximeter reading reassuring?


e. What is her real problem?


f. What therapy does she need?

7. The 7 year old brother of the preceding patient is also in your hospital. He is somnolent but arousable. He is 


extremely dyspneic, with marked retractions. His respiratory rate is 48. Burns are visible on his face and upper 


chest. Venous gases show pH 7.20, pCO2 55, pO2 35, BE -7 on mask oxygen. His saturation is 99%.


a. Characterize his acid-base status.


b. What are his most likely acute problems?


c. Why do you suppose he has respiratory acidosis?


d. What therapy does he need?


e. What is the fastest way to improve his brain pH?

8. A 10 year old victim of head trauma has been in your PICU for several days. He has an ICP monitor in 


place and has required occasional Lasix and mannitol for ICP control. He has also been ventilated to


maintain his pCO2 in the mid-30s. Routine blood gases are obtained: pH 7.55, pCO2 35, pO2 120, BE +8


a. How would you expect a patient to respond to hyperventilation to pCO2 in the mid-30s? 


b. What BE would you expect in such a patient?


c. What factors may be over-riding this patient's ability to compensate for respiratory alkalosis?


d. How could you bring his pH down to a more appropriate level while keeping his pCO2 at its current level?

9. A 6 year old asthmatic is admitted for status asthmaticus. He is placed on mask oxygen, hourly 


albuterol, and intermittent Atrovent as well as steroid therapy. His saturation is 92%.


a. You are about to draw blood gases when his mother stops you and asks, "Doctor, couldn't you 



have done that when you started his IV? He hates to be poked!" Is she right?


b. Fortunately, the peripheral IV draws, and a venous gas is obtained: pH 7.45, pCO2 33, pO2 36, BE 0.



Why is he hyperventilating?


c. 30 minutes later, he appears more dyspneic, and his saturation is 88% on 100% oxygen via a non-rebreather 



mask. A repeat venous gas shows: pH 7.35, pCO2 46, pO2 34, BE 0. Does this gas concern you?


d. What further therapy does this patient require?

10. A 4 year old girl is rushed to your facility for fever and lethargy. On physical exam, she is gray and 


mottled with a petechial rash. Her HR is 196, and her BP is 70/50. Her respirations are shallow but 


rapid with a rate of 48. Her temperature is 103.8 degrees. She is placed on mask oxygen, and labs are 


obtained. A femoral artery is inadvertently poked in the course of attempting femoral venous access,


so the blood is sent for gases: pH 7.12, pCO2 26, pO2 335, BE -20


a. What other information do you need to calculate her oxygen content?


b. Assuming she has normal adult hemoglobin in a concentration of 9 gm%, what is her O2 content?


c. Why will increasing her FiO2 not improve her oxygen content satisfactorily?


d. What is the fastest way to increase her oxygen content?


e. What would be the likely effect of attempting to correct this child's pH to normal with bicarbonate?


f. If a mixed venous pO2 were available (recall that this is optimally obtained from a pulmonary 



artery catheter), what would it likely show?


g. Apart from immediate volume expansion and use of pressor of choice in order to improve oxygen 



delivery, what other maneuvers should be instituted to ameliorate her oxygen demand/supply 



ratio?


The child is intubated and placed on 50% FiO2 , and massive transfusion is undertaken to support her


cardiac output and correct her coagulopathy. Her metabolic acidosis improves. However, it 


becomes necessary to suction her with increasing frequency, and her saturation declines to 82%. A blood 


gas from a radial A-line shows: pH 7.27, pCO2 46, pO2 46, BE -6


h. Given the following shunt graph, is it likely that increasing this patient's FiO2 will help? If not,



what therapy should be considered?
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