Final update on the Respiratory System

Objectives: Arterial Blood Gas Analysis and Fungal Disease of the Lung

*Values are approximate; criteria for individual parameters may vary. Some institutions define academia at a pH of less than 7.38

-ABG Primer
An arterial blood gas analysis quantifies several important parameters and provides valuable information about a patient’s ventilatory status. Parameters examined in the typical ABG include:

	pH
	Acid/alkaline balance. Measure of H+ concentration in arterial blood. Low pH indicates acidosis, and elevated pH indicates alkalosis
	7.35-7.45

	Pa02
	Partial pressure of oxygen. Indicative of hypoxemia
	80-100 mm Hg

	PaC02
	Partial pressure of carbon dioxide. Low PaC02’s usually indicate hypoventilation, while elevated levels indicate hyperventilation
	38-42 mm Hg

	Hc03
	Bicarbonate, a buffer. Derangements of bicarbonate levels indicate a metabolic, rather than respiratory problem.
	22-26 mEQ/L 

	Sa02
	Saturation of oxygen in arterial blood. Typically will correlate with pulse oximetry readings in the well-perfused individual.
	95-100%


TYPICAL BLOOD GAS DERANGEMENTS:

Respiratory Acidosis: For acidosis to exist, the pH must be lower than 7.35. To determine the etiology of the disturbance, examine the levels of PaCo2. Since Pac02 is the body’s fastest means of acid/base regulation, it will rapidly change in during stress. Respiratory acidosis correlates with elevated PaCo2 levels. Elevated PaC02 levels consequently indicate Co2 retention. Respiratory acidosis is commonly observed in obstructive lung pathologies. The typical patient with COPD, for example, will exhibit great difficulty breathing during an acute exacerbation. The patient will not exhale completely, and the work of respiratory muscles is greatly increased. Co2 is not “blown off,” and the PaC02 levels rise. As the PaCo2 levels rise, the pH decreases. 

Respiratory Alkalosis: The typical presentation of respiratory alkalosis is hyperventilation. When both the rate and depth of respiration are increased, excess CO2 is exhaled. PH will therefore rise. Patients hyperventilating secondary to anxious states will often exhibit respiratory alkalosis. Curative measures are aimed at normalization of the respiratory rate. It is important to obtain ABG studies on female patients presenting with dyspnea in order to rule out pulmonary embolism. If patients suffer from true anxious hyperventilation,, then an a decrease in paCo2 is discovered on the blood gas analysis. Patients suffering from acute pulmonary embolism will present with hypoxemia (low Pa02) and poor peripheral 02 saturation. Central neurogenic hyperventilation, caused by a catastrophic head injury, leads to a respiratory pattern that will cause a respiratory alkalosis. 

*Respiratory derangements are easier to correct than metabolic disturbances. Normalization of alveolar ventilation usually ameliorates respiratory alkalosis and acidosis.Metabolic derangements typically require hospitalization. 

Metabolic acidosis: When the body’s cellular respiration mechanisms are impaired, lactic acid is produced. The kidneys then make more bicarbonate available to “buffer”the decline in pH. Low bicarbonate levels are therefore indicative of long-standing metabolic acidosis. The classic case study of metabolic acidosis is the patient with uncontrolled diabetes. Diabetics who are poorly regulated will have chronically elevated blood sugar levels. The body breaks down fatty acids for energy, and keto-acids are circulating in the blood stream. Since the acidosis is chronic, the renal-buffer system will kick in to mediate the pH disturbance. The metabolic acidotic state is represented by an elevated pH and low bicarbonate levels. Low bicarb levels are sometimes called, “base deficits.” Metabolic acidosis also occurs in myocardial infarction, congestive heart failure, and other chronic hypo-perfusive shock states.

Metabolic alkalosis: Characterized by an increase in pH and an increase in bicarbonate, this derangement can be caused by excessive vomiting (loss of HCL) or excess antacid ingestion. Chronic vomiting and depletion of gastric acids can cause elevations in pH and HC03 levels. 

Blood gas disturbances can also present as, “mixed”derangements. Patient presentation does not always correlate with one of the four typical classifications. For example, one body system will often attempt to compensate for another’s failure. In metabolic acidosis, for example, patients might hyperventilate in order to blow off Co2 and consequently normalize the pH. When derangements of individual parameters exist simultaneously with a NORMAL pH range, the patient is said to be, “compromised.” Consider the following blood gas analysis (not real: for illustrative purposes only!):


ABG #1:
pH:
7.31

PC02:
60

P02:
80

HCO3:
26

This patient’s pH indicates acidosis. The patient is attempting to compensate via an  induction of renal compensatory mechanisms. This is an UNCOMPENSATED respiratory acidosis because 1) the pH is abnormal and 2) Bicarbonate is elevated in an attempt to normalize the pH. 

ABG #2:
pH:
7.35

PC02:
46 

P02:
80

HCO3:
25 

This patient’s pH is (low) normal, indicating a trend towards “compensation.” Because the PC02 is elevated, respiratory dysfunction exists. The renal compensatory mechanism, however, has functioned to bring the pH back in line and assist with normalization of the pH. This blood gas analysis indicates a COMPENSATED respiratory acidosis. 

Fungal diseases of the lung

These diseases are taken from Robbins Pathologic Basis of Disease. Fungal diseases were not specifically mentioned in the assignments from Weinberer’s. 


	DISEASE
	MORPH/PATH
	S/S
	TX/CLINICAL

	Histoplasmosis
	Infection acquired by dust particle inhalation. Also caught from contaminated bird feces. Histoplasma is an intracellular parasite. Morphology resembles tuberculosis. It is a self limited and often latent primary pulmonary disease which may result in coin lesions. It can also be a chronic, progressive, secondary lung disease localized to apices. Infection produces epitheliod GRANULOMAS which undergo coagulative necrosis and coalese to produce large consolidated areas. Histologic differentiation requires ID of the 2-5  micrometer thin walled yeast forms that may persist for many years. Endemic  in Ohio/Mississippi river areas. Most common pulmonary mycosis of humans. T cell immunity key to combating disease. Extracellular killing mediated by NK cell responses. 

FULMINANT HISTOPLASMOSIS: occurs in immunosuppressed individuals. Focal accumulations of mononuclear phagocytes filled with fungal yeasts occur throughout the body. Overloading of reticulo-endothelial system. 
	Cough

Night sweats
Localized lesions in mediastinum, adrenals, liver, meninges

May present as coin nodule

Fever, chills, myalgias

Peridarditis
	DDX: Fungal lysate test, lung biopsy. Serologic markers


TX: Includes sporonox, fluconazole, ketoconazole (azoles)

Amphotericin B

	Coccidiodomycosis
	Almost everyone who inhales the spores of coccidiodes becomes infected. Develops delayed type hypersensitivity. Endemic in SW and western US. Lesions in the lung are similar in morphology to histomplasmosis. C. immitis is present as thick-walled non budding spherules. Infection can also be disseminated and progressive. Spores are endemic in soil. Most infections remain confined to lungs and hilar lymph nodes. 
	Most primary infections are asymptomatic but 10% of people can develop:
lung lesions

Cough

Pleuritic pain


Rare progessive lesions can involve the lung, bone, meninges, adrenals, or lymph nodes
	USE EXTREME CARE. In laboratory, spores can spread via the air. 

Spherules that rupture can produce a pyogenic reaction.

TX:

 Itraconozole (sporonox), fluconazole, ketoconazole

	Cryptococcosis
	Encapsulated yeast. Can cause meningoencephalitis in normal individuals, more frequently in individuals with immunocompromise. Patients receiving high dose steroids are also at risk for developing cryptococcus infections. Parasite is present in soil and bird shit. It is resistant to killing by alveolar macrophages. Preferentially attacks brain, but primary site of localization is the lung.  
-AIDS associated

-Aged pigeon droppings

-Opportunistic

***per emedicine.com: Do not use currently available azoles in tx of disseminated or CNS disease. These do not cross the BBB adequately. If using flucytosine, do not use alone. Resistance develops rapidly.***
	Pulmonary infection is mild and asymptomatic. Patients may exhibit:
solitary pulomary granuloma
Major pathologic change of c. neoformans is in the CNS. Immunosuppressed patients may not mount a response against this parasite, and gelatinous massive lesions may appear in CNS. 

Nonspecific s/s (non meningococcal form): 
fever

Malaise

Cough with scant sputum

Pleuritic pain
	Wide dissemination may occur in compromised individuals. 

Serologic testing for c. immitis. Skin tests not reliable.

TX:

Amphotericin B
Flucytosine (inhibits RNA and protein synthesis, syngergism with Amphotericin-B).



	Aspergillosis
	Ubiquitous mold that causes allergies and serious sinusitis, pneumonia, and fungemia (in neutropenic persons). Invasive aspergillosis is usually confined to immunosuppressed individuals and debilitated hosts. Widespread hematogenous dissemination may occur. Pulmonary lesions take the form of necrotizing pneumonia with sharply delineated, rounded, gray foci. Fungus ball appearance associated with aspergillosis. Toxins from this fungus are a potent producer of IgE antibodies, and allergic bronchopulmonary aspergillosis is associated with superficial colonization of the bronchial mucosa.
	Dyspnea

Cough

Hemoptysis in severe cases

Pneumonia like symptoms
	Tx:
Itraconozole (greater anti-aspergillus activity than other azole agents)

Amphotericin B


Common form of fungal infection in COPD affected individuals. Other predisposing conditions include advanced age, steroid administration.

	Mucormycosis
	Opportunistic infection of neutropenic persons and ketoacidotic diabetics. Disease is caused by bread-mold fungi. Widely distributed molds usually cause no disease in the immuno-competent individual. Primary sites are nasal sinuses, lungs, and GIT. Ubiquitous environmental organism.
	Invasion of orbit

Rhinocerebral mucormycosis

Periorbital infiltration

Meningoencephalitis

Local tissue necrosis

Pulmonary mucormycosis:
fever, dyspnea, cough
	TX:
Amphotericin B

	Pneumocystis carinii pneumonia
	Ubiquitous organism that causes no disease in normal individuals. Severe pneumonia in AIDS patients and in malnourished children. Leading cause of death in HIV. DDX by 4 to 6 micrometer cup or boat shaped cysts in bronchoalveolar lavage fluid, sputum, or transbronchial biopsy specimens. Studies strongly suggest that p. carinii is a fungus. They attach to type I alveolar cells and multiply within the alveolar space. Causes diffuse and patchy pneumonia. Alveoli filled by foamy, amorphous material resembling proteinaceous edema fluid. 
	Interstitial inflammation

Interstitial pneumonia

Hyaline membrane formation

Superinfection with other fungus

CLASSIC:
Non productive cough

Dyspnea on exertion


	TX: 

Pentamidine

Folic acid inhibitors

SMZ/TMP

Clindamycin is an alternative therapy for milder forms of PCP. (Schreibman, T. “Pneumocystis carinii pneumonia, Emedicine.com online journal,2001).


FUNGAL PEARLS:


The azoles generally inhibit the conversion of sterols. Amphotericin B, in contrast, punches holes in fungal membranes. Flucytosine is used synergistically with amphotericin B and inhibits protein/RNA synthesis. 

