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ABSTRACT 

Pulmonary damage resulting from aspiration of gastric contents has 

been reported to be related to the acidity of the aspirate. The purpose 

of this research was to evaluate if Alka-Seltzer Effervescent and/or 

Bicitra, ingested preoperatively, increased gastric pH >2.5 and if so, 

which of the two products sustained the increase for the greatest length 

of time. Twenty-nine subjects ingested either Alka-Seltzer Effervescent 

(n=15) or Bicitra (n=14) during the immediate preoperative period. 

Gastric pH was analyzed at 30 and 60 minutes post-ingestion via oro- or 

naso-gastric tube. Repeated measures Analysis of Variance 

demonstrated that both antacids elevated gastric pH >2.5 at 30 and 60 

minutes post-ingestion. However, Alka-Seltzer Effervescent produced a 

statistically significant greater (p=.032) increase in gastric pH than 

Bicitra at both 30 and 60 minutes post-ingestion. 



11 

CHAPTER 1 

INTRODUCTION 

The severe pulmonary complications associated with gastric acid 

aspiration were first described by Hall (1940) and Mendelson (1946) and 

included "massive atelectasis with the classical picture of cyanosis, 

tachycardia, dyspnea, mediastinal shift, and signs of consolidation over 

the collapsed area." Such pulmonary complications are known as the 

acid-aspiration syndrome. In fact, vomiting and regurgitation of gastric 

contents, with subsequent aspiration into the trachea and lungs, has been 

identified as an important cause of mortality and morbidity in patients 

undergoing general anesthesia (Bannister & Sattilaro, 1962). According 

to many investigators (Mendelson, 1946; Teabeaut, 1952; Roberts & 

Shirley, 1974), a gastric pH of <2.5 and gastric volume of 0.4 milliliter 

(ml) per kilogram (kg) or >25 ml, if aspirated, are critical indicators for 

the development of pulmonary damage in adults. 

Aspiration pneumonitis is a potentially preventable iatrogenic 

complication of general anesthesia provided that prophylactic antacids 

are administered during the immediate preoperative period. This is 
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especially true in patients at high risk of aspiration, i.e., term parturients 

and emergency trauma patients. 

Both particulate, i.e., Mylanta, Maalox, Riopan, (Taylor & Pryse-

Davies, 1966; Roberts & Shirley, 1974) and nonparticulate, i.e., Sodium 

Citrate, Bicitra, Alka-Seltzer Effervescent, (Lahiri, Thomas & Hodgson, 

1973; Viegas, Ravindran & Shumacker, 1981; Gibbs, Spohr & Schmidt, 

1982; Wrobel, Koh & Saunders, 1982; Chen, Toung, Haupt, Hutchins & 

Cameron, 1984; Gibbs & Banner, 1984; Dewan, Floyd, Thistlewood, 

Bogard & Spielman, 1985; Mykleby, Kallar & Ciresi, 1988) antacids have 

proven to be effective in raising gastric fluid pH in a high percentage of 

both obstetrical and surgical patients. However, concern has been 

expressed regarding use of the particulate antacids in anesthesia practice, 

since there are several reports of severe lung damage and death 

following aspiration of gastric contents containing particulate antacids 

(Bond, Stoelting & Gupta, 1979; Gibbs, Schwartz, Wynne, Hood & Kuck, 

1979; Eyler, Cullen, Murphy & Welch, 1982). Therefore, nonparticulate 

antacids are preferred for preoperative use in the clinical area (Eyler et 

al., 1982). 
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Of the nonparticulate antacids, studies have been completed on the 

effectiveness of raising gastric pH by sodium citrate (Lahiri et al., 1973; 

Viegas et al., 1981; Gibbs et al., 1982; Wrobel et al, 1982; Abbound, 

Curtis, Earl, Henriksen, Hughes, Levinson & Shnider, 1984; Frank, 

Evans, Flynn & Aun, 1984; Dewan et al., 1985; Thorburn & Moir, 1987; 

Ormezzano, Francois, Viaud, Bukowski, Bourgeonneau, Cottron, 

Ganansia, Gregoire, Grinand & Wessel, 1990), Bicitra (Eyler et al., 1982; 

Gibbs et al., 1984; Manchikanti, Grow, Colliver, Hadley & Hohlbein, 

1985; Mykleby et al, 1988) and Alka-Seltzer Effervescent (Chen et al., 

1984). Currently, Bicitra 30 milliliters (ml) is being used as an effective 

adjunct for patients who are considered to be at risk for acid aspiration 

pneumonia (Mykleby et al., 1988). The commercially available over-the-

counter antacid, Alka-Seltzer Effervescent, has also been evaluated by 

Chen et al. (1984) and found to elevate the gastric pH to above 2.5. 

Problem Statement 

While numerous studies have demonstrated that various antacids 

increase gastric pH, it is not known which of the two most frequently 

used products (Alka-Seltzer Effervescent and Bicitra) increase the pH 



14 

most effectively and which of the two products affords increased time of 

raised gastric pH. 

Purpose of the Research 

The purpose of this research was two-fold. The first purpose was 

to evaluate if there was a statistically significant difference in gastric pH 

when Alka-Seltzer Effervescent versus Bicitra was ingested during the 

preoperative period. The second purpose was to evaluate which of the 

two products maintain an increased pH at the end of 30 minutes and 60 

minutes following ingestion. 

Research Questions 

1. What was the mean gastric acid pH of selected preoperative 

subjects at 30 minutes and 60 minutes following ingestion of Alka-Seltzer 

Effervescent? 

2. What was the mean gastric acid pH of selected preoperative 

subjects at 30 minutes and 60 minutes following ingestion of Bicitra? 

3. Was there a statistically significant difference in gastric pH 

following ingestion of Alka-Seltzer Effervescent when values were 

compared at 30 minutes and 60 minutes? 
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4. Was there a statistically significant difference in gastric pH 

following ingestion of Bicitra when values were compared at 30 minutes 

and 60 minutes? 

5. Was there a statistically significant difference in gastric pH 

between ingested Alka-Seltzer Effervescent and Bicitra when values were 

compared at 30 minutes and 60 minutes following ingestion? 

Definition of Terms 

Neutralized gastric pH. pH>2.5. 

Particulate antacids. Prescribed antacids such as Mylanta, Maalox, 

Riopan which are used to neutralize gastric acid and contain particulate 

matter. 

Nonparticulate antacids. Prescribed antacids such as Sodium 

Citrate, Bicitra and Alka-Seltzer Effervescent which are used to 

neutralize gastric acid and do not contain particulate matter. 

Assumptions 

For the purpose of this research it was assumed that the baseline 

gastric pH was <2.5. However, baseline values were not obtained since 
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it would have been unduly traumatic to place an oro- or naso-gastric 

tube prior to the induction of anesthesia. 

Significance to Nursing 

The risk of acid aspiration is a concern to all practicing nurse 

anesthetists. Most current research data shows that a gastric pH <2.5 

or a gastric volume of 0.4 ml/kg or >25 ml can contribute to the acid 

aspiration syndrome. Olsson, Hallen and Hambreaeus-Jonzon (1986) 

recently reported an estimated incidence of aspiration as 1 per 2,131 

persons receiving anesthesia. Mortality after aspiration of gastric 

contents is from 3% to 70%. Morbidity, being more difficult to define, 

ranges from simple bronchospasm and mild hypoxia to pneumonia to 

lung abscess, myocardial infarction and renal failure. The average 

hospital stay following aspiration is 21 days, mostly spent in the intensive 

care unit (Miller, 1990). 

Nurse anesthetists provide over fifty percent of anesthetics 

delivered in the United States. Therefore, every day nurse anesthetists 

administer general anesthesia to patients who may be at risk of 

developing acid aspiration syndrome. It is imperative that nurse 
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anesthetists know which antacid products are most effective in raising 

gastric pH. This is especially important in emergency surgical procedures 

such as cesarean sections and trauma, where raising the patients gastric 

pH increases their chances for a safer anesthetic outcome. 

Summary 

In this chapter, a description and general overview of the research 

problem has been provided. Important literature relevant to acid 

aspiration and antacids was also discussed. Over the past few years, the 

clinical practice of anesthesia has experienced rapid growth in the area 

of improved anesthesia equipment and safer anesthetics. Each year 

nurse anesthetists get closer to the goal of delivering an even safer 

anesthetic but some problems are always present....for example, the 

ongoing threat of gastric acid aspiration during induction of anesthesia, 

during the intra-operative period or during emergence from a general 

anesthetic. 

The purpose of this research was to evaluate if there was a 

statistically significant difference in gastric pH when Alka-Seltzer 

Effervescent versus Bicitra was ingested during the preoperative period. 
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A second purpose was to evaluate which of the two products maintain 

an increased pH at the end of 30 and 60 minutes following ingestion. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

In this chapter the literature related to pulmonary aspiration of 

gastric contents was reviewed with the emphasis on patient outcomes in 

the anesthesia setting. Mendelson's syndrome was defined along with its 

critical indicators of gastric pH and gastric volume. Studies conducted 

regarding the use of antacids in the neutralization of gastric acid were 

also reviewed. Patients considered at high-risk for acid pulmonary 

aspiration are defined as well. A brief overview of gastric anatomy and 

physiology will precede a discussion of the theoretical basis of the study, 

conceptual model and literature review. 

Gastric Anatomy and Physiology 

The structure of the stomach is continuous with the esophagus at 

the esophagogastric junction and the duodenum at the pyloric sphincter. 

The lower esophageal sphincter provides a barrier to reflux of gastric 

contents into the esophagus. The pyloric sphincter is a well-defined ring 

of smooth muscle which helps regulate the passage of chyme into the 

upper small intestine (Granger, Barrowman & Kvietys, 1985). When the 
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stomach contains food the pyloric sphincter is closed and when it is 

inactive the sphincter is relaxed and open (Wilson, 1990). Both these 

sphincters are important in the anesthetic management of gastric acid 

aspiration. Relaxation of the esophagogastric sphincter may allow 

regurgitation of gastric fluid into the esophagus with subsequent 

pulmonary aspiration. Relaxation of the pyloric sphincter allows for 

gastric emptying thus decreasing gastric volume. 

The motor functions of the stomach are threefold: (1) storage 

(accommodates usually 1,000 ml to 1,500 ml up to 6,000 ml of food), (2) 

production of gastric juice which begins the chemical digestion of protein 

producing a semi-fluid (chyme), and (3) propulsion of chyme into the 

small intestine (Guyton, 1992; Schmidt & Thews, 1989; Wilson, 1990). 

The human stomach may be divided into three distinct regions: the 

cardia, corpus, and antrum (Figure 1). The major exocrine secretory 

Figure 1. Structure of the stomach (adapted from Patton, Fuch, Hiller, Scher 
& Steiner, 1989). 

Cordia 

jj Corpul 
'/ 
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region of the stomach is the corpus. The gastric pits in this region are 

lined with parietal or oxyntic cells, which secrete hydrochloric (HC1) acid 

and intrinsic factor (a protein necessary for the absorption of Vitamin 

B12, important in the body's defense of pernicious anemia), and peptic 

or chief cells, which secrete the enzyme precursor pepsinogen. 

Pepsinogen is activated to pepsin by HC1 acid and pepsins already 

present in the stomach. Pepsin begins digestion of proteins and is most 

effective at pH 1.5 to 3.5 with activity lost at pH 7.0 (Granger et al., 

1985). The antrum (referred to as the pyloric gland) synthesizes and 

releases the hormone gastrin which acts directly on the parietal cells to 

stimulate release of HQ acid which then causes peptic cells to release 

pepsinogen. The cardia region contains glands that are similar to those 

in the antrum. The surface epithelium in all three regions contains 

mucous neck cells, which secrete a viscous, alkaline mucous which 

adheres to the stomach walls and provides protection to the gastric 

mucosa. 

Nerve supply to the stomach is from both parasympathetic (vagus 

nerve) and sympathetic (mainly the celiac plexus) fibers. Vagal 
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stimulation increases secretion of histamine (which both transmits and 

facilitates the stimulation of acid secretion by gastrin), HC1 acid, pepsin, 

and mucous, as well as increasing gastric motility. Sympathetic 

stimulation reduces both gastric juice secretion and motility (Goodman 

& Gilman, 1990; Patton et al., 1989; Wilson, 1990). 

Gastric Acid Secretion 

The normal human stomach contains approximately one billion 

parietal cells, which produce hydrochloric acid at a concentration of 150 

mN HC1 and is isosmotic with plasma, but between plasma and the 

gastric lumen there is a hugh gradient of hydrogen ions (plasma: 0.00005 

mN; parietal cell secretion: 150 mN). Transport against such a gradient 

involves an active process which requires adenosine triphosphate (ATP). 

The biochemical steps for the production of hydrogen ions (H+) 

can be summarized as: 

HzO = H+ + OH" (1) 

hydrolysis of water yields a hydrogen ion and a hydroxide ion 

carbonic anhydrase 
H20 + COz = H2C03 (2) 

carbonic acid is generated by the action of carbonic anhydrase on 
water and carbon dioxide 
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H2C03 = H+ + HCO3- (3) 

carbonic acid dissociates into a hydrogen ion and bicarbonate ion 

H+ + OH" = HzO (4) 

hydrogen ion from hydrolysis of water (1) reacts with hydroxide ion 
from carbonic acid dissociation (3) to form water 

Several membrane pumps are active during the secretion of acid. First, 

there is an H+, K+ -ATPase pump which catalyzes the exchange of 

intracellular H+ for extracellular K+, and, with the concomitant increase 

in the permeability of the apical membrane to K+ and CI". Stimuli for 

acid secretion also causes secretion of mucous and bicarbonate, which 

serve to protect the mucosa from damage. The other essential parietal 

membrane pump is the Na+, K+" ATPase pump which catalyzes the 

exchange of intracellular Na+ for extracellular K+ and an Na+, H+ 

exchange system (Figure 2). 

As previously mentioned, the stomach is capable of producing 20 

to 40 mEq of HC1 per hour (480-960 mEq/day); this capacity accounts 

for the use of 960 mEq of antacid per day in many therapeutic regimens 

(Goodman & Gilman, 1990; Patton, et al., 1989). 
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Figure 2. Intracellular mechanism of gastric acid secretion (adapted from 
Granger, et al., 1985). 



25 

Control of Gastric Secretion 

The unstimulated "fasting" stomach secretes about 10% of the acid 

volume secreted after maximal stimulation. Thus the stomach, emptied 

of food, contains a relatively small volume of gastric juice with the pH 

usually less than 2.0 (Johnson, 1991). 

The stimulation of gastric secretion is divided into three phases: 

cephalic, gastric, and intestinal. The cephalic phase is initiated by the 

anticipation of eating, followed by sight, smell and finally taste; and is 

mediated by the vagus-induced release of gastrin. The stimulus must be 

a nutrient as water intake elicits no secretory response. This fact is 

important in anesthesia as it allows patients some oral intake for 

hydration but not breaking their fast as well as allowing for intake of oral 

medications preoperatively. 

The gastric phase is initiated by the arrival of food in the stomach 

through the distention and chemical actions of specific food components. 

This phase is responsible for most of the acid secretion. Gastrin release 

occurs primarily through vagal stimulation but certain food components, 

such as protein, ethanol and caffeine, cause release of gastrin as well 
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(Granger, et al., 1985). Stress can also induce stimulation of gastric 

secretion (Patton, et al., 1989). Many patients, who are considered at 

risk for acid aspiration, present for emergency surgery and general 

anesthesia with ethanol intoxication as well as high stress levels. 

Intestinal phase contributes to gastric secretion increase from 

protein digestion products in the duodenum (small amounts of gastrin). 

This phase results in much less acid secretion than do stimuli from either 

cephalic or gastric phases (Spence, 1987). 

Gastric Emptying 

The time required for the stomach to empty is important to the 

anesthetist. However, because many factors influence gastric emptying, 

it is impossible to predict when a patient's stomach is empty. Pain, 

anxiety, labor, and narcotics all delay gastric emptying (Miller, 1990). 

Digestible solids, empty more slowly than liquids. Indigestible solids 

leave the stomach even more slowly. Carbohydrates empty faster than 

proteins and proteins empty faster than fats. Acid solutions empty more 

slowly than neutral solutions. Isotonic contents empty faster than hypo-

or hyperosmolar contents as the latter must remain to allow for 
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correction of osmolar concentration (Granger, et al., 1985). Finally, 

disease states such as, inflammatory bowel disease, peptic ulcer disease, 

diabetes, myxedema, and electrolyte disturbances decrease gastric motility 

(Miller, 1990). 

In the fasting state, the human stomach contains 20 to 30 ml of 

gastric secretion, small amount of air, saliva, and debris. The pH is low, 

usually between 1.0 and 2.0 (Granger, et al., 1985). In a sedate patient, 

liquids pass into the duodenum within 2 hours. For a mixed meal 

emptying time is usually 4 hours. However, according to Miller (1990) 

some clinicians have observed patients who have vomited undigested 

food more than 24 hours after a meal. 

Vomiting vs. Regurgitation 

Vomiting is a forceful expulsion of gastric contents of the upper 

gastrointestinal tract through the mouth. It is an active process that can 

be stimulated by irritation and distention of the stomach, drugs, rapid 

body motion, and psychological stimuli. 

Regurgitation is a passive process whereby gastric contents 

passively flow from the stomach across the gastroesophageal sphincter 
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into the esophagus and on into the pharynx. Aspiration can occur when 

the larynx is incompetent. "Silent" regurgitation is said to occur when 

there are no immediate clinical signs or symptoms and no stomach 

contents are apparent in the oropharynx. Both active vomiting and 

passive regurgitation pose a threat to patients undergoing general 

anesthesia (Bannister & Sattilaro, 1962; Miller, 1990). 

Theoretical Basis of the Study 

Respiratory gas exchange between alveolar tissue and capillary 

blood occurs through diffusion across the alveolar-capillary membrane 

(Tortora & Anagnostakos, 1987). Capillary blood is separated from 

alveolar gas by a series of anatomic layers including the capillary 

endothelium, endothelial basement membrane, interstitial space, 

epithelial basement membrane and alveolar epithelium. Within the fluid 

and gas-exchanging side of the alveolar septum, the epithelial and 

endothelial basement membranes are separated by the interstitial space 

(IS) continuing connective tissue fibrils, elastic fibrils, fibroblasts, and 

macrophages. The gas-exchanging side of the alveolar septum contains 

only epithelial and endothelial basement membranes. 
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Junctions between the individual epithelial and endothelial cells 

provide a pathway for fluid to move from the intravascular space to the 

interstitial space and from the interstitial space to the alveolar space. 

The junctions between the epithelial cells are relatively small ("tight"); the 

junctions between the endothelial cells are relatively large ("loose"). 

Therefore, pulmonary capillary permeability is a direct function of and 

equivalent to the size of the junctions between the epithelial and 

endothelial cells (Miller, 1986). Due to the possibility of fluid movement 

between and within pulmonary tissues, aspirated gastric acid has a 

pathway to cross multiple tissue layers and subsequently damage the 

lungs. 

Studies designed to evaluate the effect of aspirated gastric contents 

on lung tissues have demonstrated the ease with which the lung 

parenchyma can be damaged. Most of our knowledge is based on 

experimental animal studies (Wynne & Modell, 1977). After gastric fluid 

aspiration, acid is rapidly distributed throughout the lungs, and damage 

occurs immediately. Hamelberg and Bosomworth (1964) demonstrated 

that acid gastric fluid stained with methylene blue and aspirated into an 
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isolated dog lung can be seen on the surface of the lung within 12 to 18 

seconds. When the dye appeared, isolated areas of atelectasis became 

visible and there was extensive atelectasis within 3 minutes. Post-mortem 

studies in experimental animals, within the first few hours of acid 

aspiration, revealed epithelial degeneration of the bronchi, pulmonary 

edema and hemorrhage. Histologically, there was significant alveolar-

capillaiy breakdown with necrosis of type I alveolar cells (primary lining 

cells of the alveoli) noted initially. Within 4 hours, there was an acute 

infiltration of polymorphonuclear cells and fibrin could be seen in the 

alveolar space. Degeneration of type II alveolar cells (responsible for 

production of surfactant) and continuing necrosis of type I alveolar cells 

with detachment from the basement membrane occurred as well 

(Ganong, 1987). During the next 24 to 36 hours, marked 

polymorphonuclear infiltration resulted in alveolar consolidation, and 

damage to the airways resulted in mucosal sloughing. Hyaline 

membranes were seen after 48 hours (Greenfield, Singleton, McCaffree 

& Coalson, 1969). Gross examination of lungs at this stage showed that 

they were edematous, boggy and hemorrhagic (Bartlett & Gorbach, 
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1975). Moran (1955) and Downs, Chapman, Modell & Hood, (1974) 

sacrificed experimental animals 2 to 3 weeks after acid aspiration and 

found that the lungs were normal or slightly increased in weight with 

parenchymal scarring and pleural retraction. 

The severe chemical burn caused by gastric acid aspiration results 

in loss of alveolar-capillary integrity and exudation of fluid and protein 

into the alveoli and bronchi. This exudation of fluid and protein causes 

an increased lung weight, decreased pulmonary compliance and 

pulmonary edema. The accompanying loss of intravascular volume may 

cause severe hypotention (Wynne & Modell, 1977). 

Arterial hypoxemia (Pa02<60 mmHg) is the earliest, most dramatic 

and most consistent clinical response seen, within minutes, after 

inhalation of acidic gastric fluid. Hypoxemia has a myriad of causes. 

First, reflex airway closure (bronchospasm) occurs in response to the 

aspiration of fluid. Second, surfactant activity decreases when surfactant 

is diluted, altered or destroyed by acid leading to alveolar instability and 

atelectasis. Third, the outpouring of protein and fluid into damaged lung 

tissues causes interstitial and alveolar noncardiogenic pulmonary edema 
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resulting in further airway closure and atelectasis. Fourth, alveolar 

hemorrhage and consolidation occurs, followed by hyaline membrane 

formation (cause of respiratory distress syndrome) (Ganong, 1987). All 

of these conditions contribute to the large alveolar-arterial oxygen 

differences as well as the significant increase in venous admixture 

(Wynne & Moddell, 1977; Schwartz, Wynne, Gibbs, Hood & Kuck, 1980; 

Stoelting & Miller, 1989). 

Pulmonary vasculature is also effected by acid aspiration. At the 

onset, pulmonary artery pressure may rise rapidly; however, it declines 

quickly in association with decreased cardiac output resulting from loss 

of intravascular volume (Greenfield et al., 1969). As a result, pulmonary 

artery pressure is usually low or normal. Pulmonary vascular resistance 

is elevated due to hypoxic vasoconstriction or anatomic obstruction 

causing pulmonary hypertension (Greenfield et al., 1969; Miller, 1990). 

Figure 3 illustrates the theoretical basis of the study in relation to the 

impact of gastric acid aspiration on lung tissue. 



FIGURE 3. Theoretical Basis: Impact of Gastric Acid Aspiration on Lung Tissue 
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Most patients who aspirate gastric acid survive (Wynne & Modell, 

1977); however, radiologic evidence of fibrosis and continued physiologic 

derangements has been reported after long-term follow-up (Sladen, 

Zanca & Hadnott, 1971). In light of this knowledge, it can be 

anticipated that the resultant pathophysiology of gastric fluid aspiration 

will produce extremely grave clinical consequences. 

Conceptual Model 

The conceptual model (Figure 4) illustrate the Construct, Concept 

and Operational Level investigated within this research. Gastric acidity, 

the overall construct, has been depicted at < 2.5, the known pH of 

gastric contents prior to neutralization. Neutralization of gastric acidity, 

the concept, was accomplished by the administration of two different 

nonparticulate antacids. Finally, at the operational level, gastric pH 

levels were measured at 30 and 60 minutes post-ingestion of one or the 

other antacids. 

Aspiration Pneumonitis - Mendelson Syndrome 

Vomiting and regurgitation of gastric acid contents with subsequent 

aspiration into the tracheobronchial tree is still an important cause of 
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morbidity and mortality in patients undergoing general anesthesia today 

(Bannister et al., 1962). The outstanding clinical features of pulmonary 

gastric acid aspiration are acute dyspnea, cyanosis, bronchospasm, 

tachypnea, tachycardia, coarse asthmatic rhonchi and production of 

frothy, nonpurulent sputum. Cardiovascular collapse, evidenced by 

hypotension and pulmonary edema, may be observed during the 

asthmatic stage of the syndrome. The most characteristic physiological 

feature is hypoxia, with arterial PaOz determinations often in the range 

of 35-50 mm Hg, in association with a normal or low PaC02 (indicating 

ventilation-perfusion disturbances). Chest films illustrate changes 

consisting of soft, irregular, mottled densities in the right lower lobe or 

both lower lobes. Pulmonary function tests indicate reduced compliance 

related to microatelectasis, edema and hemorrhage. Severity of lung 

damage progresses to adult respiratory distress syndrome with stiff lungs 

and physiologic shunting (Bannister & Sattilaro, 1962; Bartlett, J.G., 

Gorbach, S.L., 1975; Gibbs, et al., 1979) often ending in death (DalSanto, 

1986). 
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In 1940, Hall described the effects of aspiration of gastric contents 

in 15 obstetric patients and coined the term chemical pneumonitis. Of 

the 15 cases of aspiration pneumonitis, 5 resulted in death. A study of 

these cases did not disclose any singular "factor which was present in 

enough instances to make it seem a predisposing cause" (Hall, 1940). In 

reporting these cases he hoped to arouse the interest of others to pursue 

the cause and to propose treatment. 

In 1946, Mendelson described the effects of gastric aspiration in 66 

laboring obstetric patients and performed a series of experiments on 

rabbits in an attempt to elucidate the cause of the clinical syndrome. In 

his survey of the records of the patients that aspirated gastric contents 

during obstetric anesthesia, he described the clinical syndrome of 

pulmonary aspiration of gastric contents (Mendelson's syndrome). Five 

of the 66 patients aspirated solid material resulting in massive acute 

respiratory obstruction and suffocation. The remainder exhibited a 

clinical picture consisting of cyanosis, tachycardia, hypoxia, dyspnea and 

wheezing. Through his experimentation with rabbits he showed that the 

reaction produced in the lungs of the rabbits by acid gastric juice was 
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similar to that produced by 0.1N hydrochloric acid, namely cyanosis, 

hypoxia, dyspnea, pulmonary edema and death. He found that 

pulmonary aspiration of neutralized gastric juice produced little reaction. 

Further studies by Teabeaut (1952) reproduced the syndrome by 

instilling into rabbits' lungs gastric juice of varying pH. His experiments 

showed when the pH of the aspirate was >2.5, the physiological upset 

and pulmonary morphological changes were minimal and transient. 

However, when the pH was <1.5, severe pulmonary damage and high 

mortality followed. Later, Bannister and Sattilaro (1962) suggested that 

the critical pH for severe lung damage in humans was <2.5. Therefore, 

many workers have taken a critical pH of 2.5 as the value which must be 

exceeded in order to prevent severe lung damage in the likelihood of 

aspiration (Vandam, 1965). 

A critical volume of aspirate is also considered a factor in 

widespread pulmonary damage. The exact volume of acid aspirate 

required to produce pulmonary acid aspiration syndrome in man is 

unknown. Roberts and Shirley (1974) in their work in Rhesus monkeys 

and extrapolating data to humans have proposed a critical volume of 0.4 
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ml per kg, which corresponds to a volume of approximately 25 ml. In 

1984 (James, Modell, Gibbs, Kuck, & Ruiz) a study was conducted to 

ascertain the mortality rates for rats after aspiration of solution of 

various pH's and volumes. This study demonstrated that the critical 

volume depends on the pH of the aspirate. A volume as low as 0.3 ml/kg 

was deadly 90% of the time with liquid aspirate at a pH<1.8. The 

mortality rate was 14% in the population of rats that aspirated 1 or 2 

ml/kg of solution but with a pH>1.8. Once again the study clearly shows 

that the effect of volume on mortality depends on the pH of the liquid 

aspirate. 

Neutralization of gastric acid preoperatively was suggested by 

Mendelson (1946) and initially studied and recommended by Taylor and 

Pryse-Davies (1966). The investigators showed that 42.3% of the control 

group, obstetric patients requiring emergency surgery, had intragastric pH 

<2.5. Hester and Heath (1977) found that more than 50% of untreated 

patients had intragastric pH of <2.5. Since this 1977 study, numerous 

authors (Collins, V. J., 1993; Coombs, D.W., 1983; Cunningham, A.J. & 

Slazenger, M., 1984; Manchikanti, L., Colliver, J.A., Marrero, T.C., & 
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Roush, J.R., 1985; McCammon, R.L., 1986; McCammon, R.L., 1988; 

Miller, 1990; Morgan, M., 1984; Wetchler, B.V., 1991) have reported a 

variety of instances (Table 1) of pH values below this critical level 

particularly the obese patient (Vaughan, R.W., Bauer, S., & Wise, L., 

1975), term or near-term parturient (Wetchler, 1991) and the patient for 

emergency surgery (Miller, 1990). Finally another large group of 

patients, particularly important to the anesthetist, are those known or 

believed to have recently eaten and are considered to have a "full 

stomach." 

Prevention 

The most effective means of preventing aspiration is to avoid 

general anesthesia. When regional anesthesia is not possible, and general 

anesthesia is necessary, the following steps will help prevent or 

ameliorate its consequences: 

-Nothing by mouth after midnight, night before surgery 
-Antacids 
-Histamine-2 blocking agents (cimetidine or ranitidine) 
-Anticholinergic agents (glycopyrolate or atropine) 
-Metoclopromide 
-Head up position 
-Rapid sequence induction of anesthesia 
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TABLE 1. Susceptible Population for Aspiration 

Reduced level of consciousness 
General anesthesia 
CNS abnormalities (CVA, coma) 
Alcohol intoxication, drug overdose 

Difficulties in swallowing mechanism 
Elderly 
Tracheostomy 
Nasogastric tube 
Obstructive lesion 
Esophageal stricture 
Previous colon swing 

Incompetence of the gastroesophageal junction 
Hiatal hernia 
Reflux 
Pregnancy (especially second and third trimester) 
Scleroderma 

Delayed gastric emptying 
Pain, fear, anxiety 
Alcohol 
Analgesics 
Trauma 
Pregnancy, labor 
Smoking 
Shock, coma, diabetes, peritonitis 
Bowel obstruction (small and large bowel) 

Material in the stomach 
Recent ingestion of food 
Ongoing upper gastrointestinal hemorrhage 

Adapted from McCammon, 1988. 
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-Cricoid pressure 
-Endotracheal intubation 
-Extubation awake 
-Continued observation in the Post Anesthesia Care Unit 

(Burgess, R.W., & Crowhurst, J.A., 1989; Miller, 1990) 

Discussion of all of the above steps is not within the scope of this paper; 

however, antacid therapy will be reviewed. 

Antacids neutralize gastric acidity resulting in an increase in gastric 

acid pH. They do not reduce the volume of HC1 acid secreted and may 

increase it, but by increasing the gastric pH they diminish the activity of 

pepsin in gastric secretion. Increased lower esophageal sphincter tone 

is also noted with antacid use (Drug Facts and Comparisons, 1994; 

Reynolds, J.E., 1989). The duodenum accepts neutral gastric contents 

more readily than highly acidic contents, so that, in patients with normal 

gastric motility, antacids may decrease gastric volume rather than 

increasing it (McCammon, 1986). In general the duration of action of 

antacids is determined principally by gastric emptying time. In fasting 

subjects, antacids have a duration of action of 20 to 60 minutes; a longer 

duration of action is assumed with delayed gastric emptying (AHFS Drug 

Information). 
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Particulate antacids, namely magnesium trisilicate mixture, were 

first used in anesthetic practice by Taylor and Pryse-Davies (1966). Their 

study showed that of the 23 patients presenting for emergency obstetric 

surgery who were given 14 ml before induction of anesthesia all had a 

gastric pH >2.5, compared with 42.3% in a control group who did not 

have antacids. Roberts and Shirley (1974) used magnesium and 

aluminum hydroxide and showed that 55% of patients who received no 

antacid had a pH <2.5. Antacid given within 4 hours of surgery reduced 

this figure to 16% of patients. Those who received antacid within 90 

minutes of surgery were most protected in that none had a pH <2.5. 

This efficacy of particulate antacids was again confirmed in 1985 

(O'Sullivan, Sear, Bullingham, & Carrie) when 16 patients received 

magnesium trisilicate and all but 1 had a pH >2.5. 

Despite their overall effectiveness in raising gastric fluid pH, 

particulate antacids came under criticism when Gibbs, et al. (1979) 

demonstrated that when a dilute solution of particulate suspension 

antacid (aluminum and magnesium hydroxide) was introduced into the 

lungs of dogs, resulting in decrease in Pa02 and increased pulmonary 
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shunting was as severe as in dogs instilled with HC1 acid of pH 1.8. 

After one month the lungs of the animals which aspirated HC1 acid were 

normal while those treated with antacid still showed extensive intra-

alveolar cellular reaction. The cause of this pulmonary reaction 

appeared to be due to antacid particles which were still visible in samples 

of lung tissue 48 hours to one month post aspiration. 

Although there is no doubt that particulate antacids are effective 

in reducing gastric acidity, concern has been expressed regarding their 

use in anesthesia practice, since there are reports of severe lung damage 

and death following inhalation of gastric contents containing particulate 

antacids (Bond, et al, 1979). Eyler, et al. confirmed these outcomes in 

their 1982 study regarding the effect of aspiration of Mylanta (a 

particulate antacid) mixed with 2 ml of HC1 acid (pH 1.5), 2 ml of half-

strength Bicitra (a soluble antacid) mixed with 2 ml of HC1 acid (pH 1.5) 

and 4 ml HQ acid (pH 1.5) on arterial blood gas tensions and lung 

pathology in anesthetized rabbits. Comparisons showed Pa02 decreased 

similarly in all animals 15 minutes after aspiration, but recovered to 

normal 48 hours after Bicitra. Pa02 remained depressed after aspiration 
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of HC1 and Mylanta. Gross and microscopic evidence of lung injury was 

most severe in animals that aspirated Mylanta. 

Based on these research studies, an intense interest has been 

sparked in soluble (nonparticulate) antacids. The two most clinically 

investigated to date are 0.3 molar (M) sodium citrate (not available 

commercially, must be prepared by the hospital pharmacy) and Bicitra 

(Willen Drug Company Correspondence 1990 - available by prescription). 

The clinical evidence suggests that soluble antacids are as effective 

as particulate antacids at raising gastric fluid pH if given within 15 to 60 

minutes prior to induction of anesthesia (McCammon, 1988; Moir, 1983). 

A study in 1984 (Abbound, et al.) demonstrated that 30 ml of 0.3 M 

sodium citrate was as effective as 30 ml Gelusil in raising gastric pH to 

above 3.5 in all patients. Also in 1984, Frank, et al., did a comparison 

study of a particulate antacid (magnesium trisilicate 15 ml) and a 

nonparticulate antacid (0.3 M sodium citrate 15 ml). They found sodium 

citrate to be more consistent, as all 15 patient's pH was >2.5; whereas, 

all but 1 of the 12 patients in the particulate group had a pH >2.5. 



Early work by Lahiri, et al. (1973) suggested that 15 ml of 0.3 M 

sodium citrate raised gastric pH above 3.0 in 95% (n=22) of women in 

labor. Viegas, et al. (1981) demonstrated that 15 ml of 0.3 M sodium 

citrate was 100% effective in raising gastric pH above 3.5 in all patients 

studied. In 1982 (Wrobel, et al.) a clinical study had similar outcomes 

with 92% of 61 patients gastric pH raised above 3.0. Not all work is in 

agreement with the above observations, Hester and Heath (1977) 

conducted their study with the same dosage of sodium citrate and 

recorded a gastric pH <2.5 in 37% of the patients. 

Gibbs, et al., (1982) increased the dosage to 30 ml of 0.3 sodium 

citrate and demonstrated a pH >3.2 in all 26 patients. In 1984, 

O'Sullivan and Bullingham showed that after incremental addition of 0.1 

M HC1 to 15 ml and 30 ml of sodium citrate; 30 ml of sodium citrate 

neutralized twice as much acid as 15 ml sodium citrate. 

Qinical trails conducted by Dewan et al. (1985) and Thorburn and 

Moir (1987) both demonstrated that 30 ml or 0.3 M sodium citrate raised 

pH >2.5 in all patients. Dewan et al., (1985) added a time factor to his 
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study. He showed that at <60 minutes all patients' pH was >2.5; at >60 

minutes 52% of patients pH was >2.5. 

The effectiveness of Bicitra as a preoperative antacid has been 

confirmed by a number of investigators. In 1984, Gibbs and Banner 

studied 26 patients scheduled for cesarean section under general 

anesthesia. Bicitra 30 ml was administered preoperatively and 88% 

showed a gastric pH >2.5. Manchikanti, et al., (1985) compared the 

effectiveness of 15 ml versus 30 ml Bicitra and found 68% and 84% 

respectively showed a rise in gastric pH above 2.5. In 1988 (Mykleby, et 

al.) 15 patients received 15 ml Bicitra prior to induction of anesthesia 

and demonstrated a pH value >2.5 74% of the time. These studies show 

that Bicitra is an effective antacid in neutralizing gastric pH. 

In an attempt to add another antacid to our armamentarium Chen 

and colleagues (1984) evaluated, experimentally and clinically, Alka-

Seltzer Effervescent for its efficacy in neutralizing 0.1 N HC1 and gastric 

contents. Using dogs, Chen et al. demonstrated that Alka-Seltzer 

Effervescent buffered 5-30 times the volume of HC1 with a pH between 

1.0 and 2.0 to above a pH of 2.5. In the clinical study, 40 patients 
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admitted for emergency surgery were given 2 tablets dissolved in 30 ml 

of water orally 5-40 minutes prior to induction of general anesthesia. 

The clinical trail demonstrated that Alka-Seltzer Effervescent solution 

effectively elevated the gastric juice pH above the critical level of 2.5 

without increasing volume of gastric contents. It has been shown by 

Gibbs et al. (1982) that the effect of sodium citrate given orally before 

surgery lasted from 60-180 minutes. Since the active ingredient of Alka-

Seltzer Effervescent solution is sodium citrate, a similar duration of effect 

could be expected. Currently no research has been done to determine 

if Alka-Seltzer Effervescent is as efficacious as Bicitra in raising the 

gastric fluid pH above its critical value of 2.5. 

Summary 

Presented within this chapter was a review of the gastric anatomy 

and physiology as well as the historical and current research findings on 

the need for an efficacy of antacid use in the preoperative setting in 

anesthesia practice. The conceptual model and corresponding review of 

the literature was also presented. 
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There is a wide variation in the policies for preoperative gastric 

antacid prophylaxis; just as there is a diverse population at risk for 

pulmonary acid aspiration. Patients presenting for emergency surgery, 

obese individuals, term or near-term parturients, and patients with 

gastrointestinal disorders, to name a new, face an increased risk of 

aspiration pneumonitis. It seems reasonable to conclude that, 

theoretically, most patients undergoing surgery, with general anesthesia, 

should receive prophylactic antacid therapy to reduce gastric acidity. 

The efficacy of various drugs to modify acid aspiration risk factors 

is highly variable. Further studies can only add to our already ever-

increasing knowledge base with better patient outcomes as our eventual 

goal. 
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CHAPTER 3 

RESEARCH METHODOLOGY 

The research method was described in this chapter including the 

research design, setting, sample, and data collection protocol. The 

instrument used to collect the data was reviewed. The data analysis plan 

is also addressed. 

Design 

A two group repeated measures experimental research design was 

used to examine the relationships between and within the independent 

variables, Bicitra and Alka-Seltzer Effervescent, and the dependent 

variable gastric fluid pH. This design enabled the determination of 

significant differences in gastric pH within each individual group as well 

as significant differences between each group over two time intervals 

(Munro, B.H., Visintainer, M.A., & Page, E.B., 1986). 

Setting 

This study was conducted in the operating room suites of a one 

hundred-four bed military hospital in Southern California. This military 
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hospital served active duty as well as retired military personnel and their 

dependents. 

Sample 

A randomly selected sample of 29 patients scheduled for elective 

surgery, who received general anesthesia, were included in the research. 

The patients were computer randomized by the True Epistat Computer 

Program (Tracy Guotafson, 1987) into two groups. Group 1 was labeled 

Bicitra and Group 2 was labeled Alka-Seltzer Effervescent. 

Criteria for sample inclusion were: 

1. Patients agreed to participate in the study as unpaid 

volunteers, 

2. Assignment of American Society of Anesthesiologists 

(A.S.A.) physical status classification I, II or III (Table 2) 

(Barash, P.G., Cullen, B.R., & Stoelting, R., K., 1991). 

3. Patients were at least 16 years of age or older 

4. Patients weighed at least 100 pounds 

The A.S.A. criteria were used in order to avoid the A.S.A. IV 

("patient with incapacitating disease that is a constant threat to life") or 
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"moribund patient not expected to live 24 hours" (A.S.A. V) (Barash, et 

al., 1991). The age and weight criteria was used in order to assure an 

adult population. 

Criteria for sample exclusion criteria were: 

1. Patient refused to be in the study 

2. A.S.A. IV or V patients (Table 2) 

3. Patients less than 16 years of age 

4. Patients who weighed less than 100 pounds 

5. Patients with gastric regurgitation or peptic ulcers 

6. Any patient receiving H2 antagonists for 30 days prior to the 

study. 

Protection of Human Subjects 

Approval for the study was obtained through the Hospital 

Commander of March Air Force Base, Moreno Valley, California 

(Appendix A). Each subject was assigned an identification number to 

assure the confidentiality of the data and the anonymity of the subjects. 
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TABLE 2. American Society of Anesthesiologists (A.S.A.) Physical 
Status Classification. Currently accepted nomenclature for 
categorizing health status of a patient and his/her potential 
anesthesia risk. 

ASA 1 A normal healthy patient 

ASA 2 A patient with a mild systemic disease (mild diabetes, 
controlled hypertension, anemia, chronic bronchitis, morbid 
obesity) 

ASA 3 A patient with a severe systemic disease that limits activity 
(angina, obstructive pulmonary disease, prior myocardial 
infarction) 

ASA 4 A patient with an incapacitating disease that is a constant 
threat to life (heart failure, renal failure) 

ASA 5 A moribund patient not expected to survive 24 hours 
(ruptured aneurysm, head trauma with increasing intracranial 
pressure) 

For emergency operations, add the letter E before classification. 
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Data Collection 

After obtaining the Hospital Commander's approval for the study, 

data were collected over a two month period. All data were collected 

within the operating room suites of March Air Force Base Hospital. 

Preoperatively, the patient was visited by either a Certified 

Registered Nurse Anesthetist (C.R.N.A.) or a Medical Doctor 

Anesthesiologist (M.D.A.) on the hospital staff. Patients were counseled 

regarding the research project with respect to purpose, method, risks, 

and benefits. The risks associated with the study were those associated 

with the temporary introduction of naso- or orogastric tube: 

1. minimal irritation of the mucosal lining of the naso- or 

oropharynx and esophagus, which may have caused 

some minor localized bleeding, 

2. perforation of the esophagus. 

All subjects signed a "Nonparticulate Antacid Consent Form" (Appendix 

B) that was witnessed and dated as well as a separate consent for surgery 

and anesthesia. Patients were instructed to have nothing by mouth after 

midnight the night prior to their scheduled surgery. 
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Patients were computer-randomized to receive 30 ml of a 

nonparticulate antacid Bicitra or two tablets of Alka-Seltzer Effervescent 

in 30 ml of water approximately 30 minutes prior to induction of general 

anesthesia. General anesthesia was conducted by a member of the 

anesthesia staff using either Pentothal or Propofol for induction, 

narcotics (if chosen), a muscle relaxant (if required), nitrous oxide (if 

indicated), and inhalational anesthesia (Forane, Ethrane or Halothane) 

(Appendix C). The airway was secured by placement of an endotracheal 

tube. 

Approximately 5 minutes after induction and intubation, a standard 

16-18 French Salem Sump suction tube was inserted via the oro- or 

nasopharynx. Confirmation of the sump tip being in the stomach was by 

auscultation of 30 cc of air when injected into sump tube. At least 5 ml 

gastric fluid was aspirated from the Salem Sump tube at 30 minutes and 

60 minutes post-ingestion of the oral antacid. 

Gastric fluid was immediately analyzed by an Orion pH meter 

(Orion Research Model 701A - obtained from the Department of 

Pathology) by a staff nurse anesthetist or anesthesiologist. The Orion pH 
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meter was calibrated to 0.1 units every morning by the principal 

investigator, in a standard calibration bath of pH 10.0 with no drift and 

before every measurement in a standard calibration bath of pH 4.0 with 

no drift. 

At the end of the surgical procedure the naso- or orogastric tube 

was removed, the patient extubated and taken to the Post Anesthesia 

Care Unit (P.A.C.U.). During the recovery period it was noted whether 

or not the patient had any nausea or vomiting (Appendix D). Data 

(Appendix E) collection sheets were strictly confidential and placed in a 

locked file in the Anesthesia Department. 

Data Analysis 

Analysis of the data was completed using the Statistical Package for 

the Social Sciences (SPSS 4.0) software program. Descriptive statistics 

were used to describe the demographic characteristic of the sample. 

Repeated measures analysis of variance (mixed design) was used 

to analyze the data to ascertain if there was statistical differences in the 

pH between and within the two antacid groups, Bicitra and Alka-Seltzer 
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Effervescent. The level of significance for this study was established at 

p<0.5. 

Summary 

This chapter presented a discussion of the research design and the 

variables of interest including gastric fluid pH in relationship to the 

effects of Bicitra and Alka-Seltzer Effervescent. A random sample 

consisting of 29 patients scheduled for elective surgery under general 

anesthesia were included. Descriptive statistics was used to describe the 

demographics of the sample. Repeated measures analysis of variance 

(mixed design) was used to analyze the data. 
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CHAPTER 4 

RESULTS 

The purpose of this study was two-fold. The first purpose was to 

evaluate if there was a statistically significant difference in gastric pH 

when Alka-Seltzer Effervescent versus Bicitra was ingested during the 

preoperative period. The second purpose was to evaluate which of the 

two products maintained an increased pH at the end of 30 minutes and 

60 minutes following ingestion. Within this chapter the demographic 

characteristics of the sample as well as the types of general anesthesia 

and Post-Anesthesia Care Unit (PACU) events were described. Also, 

the results of the data analysis in relation to the research questions were 

also presented. 

Characteristics of the Sample 

Twenty-nine subjects were included in this study; 18 females and 

11 males. Ages ranged between 19 to 84 years inclusive. The subjects 

weight and height ranged between 102 to 220 pounds and 60 to 73 inches 

respectively. Forty-eight percent (%) of the subjects (n=14) received 
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Bicitra preoperatively while 52% (n=15) received Alka-Seltzer 

Effervescent. 

In the Bicitra group (n=14), there were 10 females (71%) and 4 

males (29%). The Alka-Seltzer Effervescent group (n=15), there were 

8 females (53%) and 7 males (47%). The ages of the subjects in the 

Bicitra group ranged 19 to 73 years, mean (M) = 42 years and standard 

deviation (SD) 18 years. The ages of the subjects in the Alka-Seltzer 

Effervescent group ranged from 19 to 84 years, M = 47 years and SD = 

19 years. Subjects in the Bicitra group weighed between 102 and 218 

pounds, M = 151 pounds, SD = 30 pounds, while subjects in the Alka-

Seltzer Effervescent group ranged in weight between 116 and 220 

pounds, M = 168, pounds, SD = 35 pounds. Among the subjects in the 

Bicitra group heights varied from 61 to 71 inches, M = 66 inches, SD = 

3 inches. In the Alka-Seltzer Effervescent group, subject's height ranged 

from 60 to 73 inches, M = 68 inches, SD = 4 inches (Table 3). 

Based on A.S.A. classification of I, II or III, the Bicitra's group had 

7 (50%) subjects who were A.S.A. I and 7 (50%) subjects who were 

A.S.A. II. The Alka-Seltzer group had 6 (40%) subjects who were 
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A.S.A. I, 7 (47%) subjects who were A.S.A. II and 2 (13%) subjects who 

were A.S.A. III (Table 3.) 

Surgical procedures were divided into 5 categories: gynecologic, 

general, orthopedic, urologic and obstetric. In the Bicitra group, 5 (36%) 

of subjects underwent gynecologic surgery, 5 (36%) general surgery, 2 

(14%) orthopedic surgery, 1 (7%) urologic surgery and 1 (7%) obstetric 

surgery. Of the Alka-Seltzer Effervescent group, gynecologic surgery 

accounted for 6 (40%) of the surgical procedures performed on the 

subjects, followed by 5 (33%), general surgery 3 (20%), orthopedic 

surgery 1 (7%), urologic surgery and no (0%) obstetric surgery (Table 3). 

Types of General Anesthesia, Analgesia, Intraoperative Medications, 

and PACU Events 

All subjects received a general anesthetic with varying combinations 

of anesthetic drugs being administered. Among the 14 subjects in the 

Bicitra group, 13 (93%) subjects received an inhalational anesthetic, 11 

(79%) subjects received nitrous oxide and all 14 (100%) subjects received 

narcotics during the anesthetic. In this same group, 8 (57%) subjects 

received droperidol, and 4 (29%) subjects received reglan. There was no 
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(0%) nausea or vomiting reported in the PACU from any of the 14 

subjects (Table 4.) 

Among the 15 subjects in the Alka-Seltzer Effervescent group, 14 

(93%) subjects received an inhalational anesthetic, 10 (67%) subjects 

received nitrous oxide, and 14 (93%) subjects received narcotics. 

Droperidol was given to 6 (40%) subjects, and 1 (7%) received reglan. 

One (7%) subject experienced nausea and vomiting in the PACU 

(Table 4.) 

Based on all the demographic variables, both the Alka-Seltzer 

Effervescent group and Bicitra group appeared to be comparable with 

the exception of gender. There is no evidence in the literature to suggest 

that gender influenced gastric pH in any way. 

Research Questions 

Research Question 1: What was the mean gastric acid pH of 

selected preoperative subjects at 30 minutes and 60 minutes following 

ingestion of Alka-Seltzer Effervescent? 
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TABLE 3. Demographic Characteristics, ASA Classification, Surgical 
Procedure 

SUBJECTS BICITRA ALKA-SELTZER 
(N=29) (n=14) EFFERVESCENT 

(n=15) 

M SD Range M SD Range 

Age in years 42 18 19-73 47 19 19-84 

Weight in pounds 151 30 102-218 168 35 116-220 

Height in inches 66 3 61-71 68 4 60-73 

Frequency % Frequency % 

SEX 
Male 4 29 7 47 
Female 10 71 8 53 

ASA 

I 7 50 6 40 
II 7 50 7 47 
III 0 0 2 13 

SURGICAL PROCEDURE 

gynecologic 5 36 6 40 
general 5 36 5 33 
orthopedic 2 14 3 20 
urologic 1 7 1 7 
obstetric 1 7 0 0 
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TABLE 4. Types of General Anesthesia, Analgesia, Intraoperative 
Medications & PACU Events 

SUBJECTS 
(N=29) 

BICITRA 
(n=14) 

ALKA-SELTZER 
EFFERVESCENT 
(n=15) 

Frequency % Frequency % 

Types of General 
Anesthesia 

Inhalational 13 93 14 93 
N2O 11 79 10 67 

Analgesia 

Narcotics 14 100 14 93 
Intraop Meds 

Droperidol 8 57 6 40 

Reglan 4 29 1 7 

PACU Event 

Nausea/Vomiting 0 0 1 7 
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The mean gastric pH of subjects who received Alka-Seltzer 

Effervescent at 30 minutes post-ingestion was 5.79 (SD = 1.79) and at 

60 minutes post-ingestion was 6.17 (SD = 1.65) (Table 5). 

Research Question 2: What was the mean gastric acid pH of selected 

preoperative subjects at 30 minutes and 60 minutes following ingestion 

of Bicitra? 

TABLE 5. Gastric Fluid pH at 30 and 60 minutes: Post-ingestion of 
Alka-Seltzer Effervescent and Bicitra 

Time (Minutes) Post-ingestion 

Antacids 
Administered 

30 
M pH (SD) 

60 
M pH (SD) 

Alka-Seltzer 
Effervescent 

5.79 (1.79) 6.17 (1.65) 

Bicitra 4.98 ( .46) 5.06 ( .41) 
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The mean gastric pH of subjects who received Bicitra at 30 minutes 

post-ingestion was 4.98 (SD = 0.46) and at 60 minutes post-ingestion was 

5.06 (SD = 0.41). 

A mixed design analysis of variance with one between subjects 

variable (antacids) and one within subjects variable (time: 30 minutes vs 

60 minutes) was completed to answer questions 3-5. 

Research Question 3: Was there a statistically significant difference in 

gastric pH following ingestion of Alka-Seltzer Effervescent when values 

are compared at 30 minutes and 60 minutes? 

Research Question 4: Was there a statistically significant difference in 

gastric pH following ingestion of Bicitra when values are compared 30 

minutes and 60 minutes? 

Research Question 5: Was there a statistically significant difference in 

gastric pH between ingested Alka-Seltzer Effervescent and Bicitra when 

values are compared at 30 minutes and 60 minutes following ingestion? 

The main effect for antacid was significant (p=.032) indicating that 

there was a statistically significant difference between the two antacids. 

Neither the within subjects main effect for time (df=l, F=1.20, 



66 

p=.283) nor the interaction of time with antacid (df=l, F=.54, p=.468) 

was significant indicating that the differences between the Alka-Seltzer 

Effervescent group and Bicitra group were consistent over the two points 

in time (30 minutes and 60 minutes) (Table 6.) 

Repeated measures Analysis of Variance demonstrated that both 

antacids elevated gastric pH >2.5 at 30 and 60 minutes post-ingestion. 

However, Alka-Seltzer Effervescent produced a statistically significant 

greater (p=.032) increase in gastric pH than Bicitra at both 30 and 60 

minutes post-ingestion. 

TABLE 6. Mixed Design Analysis of Variance Results for Antacid and 
Time 

Source of Variation SS df MS F Sig of 
F 

Between Groups 

Antacid 13.40 1 13.40 5.09 .032 

Within Groups 

Time .75 1 .75 1.20 .283 
Antacid by Time .34 1 .34 .54 .468 
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Other Findings 

Cost comparison is an important issue in health care today and 

should not be ignored. Relative to this research, the cost of Bicitra is 

$6.20 per 16 ounces (oz) multiple dose bottle. A single dose of 1 oz 

Bicitra costs $0.39. Alka-Seltzer Effervescent cost is $1.69 for 12 tablets 

at a single dose (2 tablets) cost of $0.28. The $0.11 cost difference 

between Alka-Seltzer Effervescent and Bicitra represents a 28% cost 

savings when Alka-Seltzer Effervescent is administered. 

Taste of a medication is also an important point of consideration. 

Each subject was queried after ingestion of the antacid as to whether or 

not they liked the taste of the antacid they received. Of the subjects who 

received Alka-Seltzer Effervescent, 93% stated they liked the taste while 

7% stated they did not. In the Bicitra group, 29% said they liked the 

taste compared to 71% who said they did not. 

Summary 

The data analysis included 29 subjects who received either Alka-

Seltzer Effervescent or Bicitra preoperatively. Demographic 

characteristics, as well as, general anesthesia and PACU data regarding 
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the study sample were presented. Research questions evaluating if there 

was a statistically significant difference in gastric pH when Alka-Seltzer 

Effervescent versus Bicitra was ingested preoperatively and which of the 

two antacids maintain an increased pH over time were analyzed using a 

repeated measures mixed design analysis of variance. 

A statistically significant difference in pH was found between Alka-

Seltzer Effervescent and Bicitra, showing that the mean values for the 

Alka-Seltzer Effervescent group were significantly higher than those for 

the Bicitra group across time (30 minutes and 60 minutes post-ingestion). 
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

Introduction 

The discussion and conclusions based on the results of the research 

were presented in this chapter. Recommendations for further research 

and implications for nursing were addressed. 

Background and Purpose of Research 

Negative factors associated with the aspiration of stomach contents 

have been well documented. Teabeaut (1952) and Taylor and Pryse-

Davies (1966) demonstrated pulmonary damage, due to acid aspiration, 

(pH 1.0-1.4) was extremely severe causing diffuse alveolar septal necrosis, 

vascular thrombosis, pulmonary infarction, hypoxemia and death. 

However, pulmonary damage varies with acidity, a pH of 1.5-2.4 is very 

severe, while acid aspirated at pH levels greater than 2.5 renders minimal 

damage. Of less crucial impact is the volume of gastric fluid aspirated 

(Viegas et al., 1981). According to Roberts and Shirley (1974) volumes 

in excess of 0.4 ml/kg or 25 ml may be potentially hazardous if inhaled. 

Using these criteria (pH <2.5 and gastric volume >25 ml) an estimated 



70 

16% to 17% of patients having elective surgery are vulnerable to acid 

pneumonitis should aspiration occur (Stoelting, 1978). 

Mendelson (1946) first advocated the use of antacids to neutralize 

gastric acidity during the preoperative period. The preoperative use of 

oral antacids subsequently reduced the population "at risk" for aspiration 

pneumonitis to 1% (Hutchinson & Newson, 1975). 

The purpose of this research was two-fold. The first purpose was 

to evaluate if there was a statistically significant difference in gastric pH 

when Alka-Seltzer Effervescent versus Bicitra was ingested during the 

preoperative period. The second purpose was to evaluate which of the 

two products maintained an increased pH at the end of 30 minutes and 

60 minutes following ingestion. 

This research included a randomly selected sample of 29 patients 

who were scheduled for elective surgery under general anesthesia. 

Subjects had a Physical Status Classification of A.S.A. I-III, were 16 years 

of age or older and weighed at least 100 pounds. Patients were excluded 

from the study if they had known gastric regurgitation or peptic ulcers 

and if they were receiving H2 antagonists for 30 days prior to study. All 
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patients were NPO after midnight prior to surgery. Each patient was 

given an oral antacid, Alka-Seltzer Effervescent group (2 tablets in 30 ml 

H20); Bicitra group (30 ml concentrated solution) approximately 30 

minutes prior to induction of general anesthesia. A naso- or orogastric 

tube was placed after induction and placement of an endotracheal tube. 

Gastric sampling (>5 ml) was obtained at 30 minutes and 60 minutes 

post ingestion of antacid. Each specimen was analyzed with a pH 

analyzer and data recorded. At anesthetic occlusion, the naso- or 

orogastric tube was suctioned and removed, patient extubated and taken 

to the PACU for observation with any nausea and vomiting recorded on 

the data sheet. 

Discussion and Conclusions 

Age, weight, height, A.S.A. status, type of surgery and general 

anesthetics received by the two groups were comparable. However, two 

groups were not comparable in the category of gender. Alka-Seltzer 

Effervescent (n=15) had 7 males and 8 females while Bicitra (n=14) had 

4 males and 10 female subjects. The literature does not indicate a 

gender effect on gastric pH, thus it was assumed that the gender 



72 

differences would not effect the pH values. The Alka-Seltzer 

Effervescent group (n=15) had a mean pH at 30 minutes of 5.79 (SD = 

1.79) with a mean pH of 6.17 (SD = 1.65) at 60 minutes. Ninety- three 

percent (14) of the subjects had a pH>2.5 while 1% (1) of the subjects 

had a gastric pH of 2.02 at 30 minutes. At 60 minutes 100% of the 

subjects had a gastric pH greater than 2.5. 

Within the Bicitra group (n=14), the mean pH at 30 minutes was 

4.98 (SD = .462) with a mean pH of 5.06 (SD = .41) at 60 minutes. 

One hundred percent of subjects had a gastric pH greater than 2.5 at 

both 30 minutes and 60 minutes. 

The mixed design analysis of variance was used to analyze the 

between subjects effect for antacids (Alka-Seltzer Effervescent and 

Bicitra) and a within subjects effect for time (30 minutes and 60 

minutes). The main effect for antacid was statistically significant, p=.032, 

indicating that there was a significant difference between Alka-Seltzer 

Effervescent and Bicitra. Neither the within subjects main effect for time 

(p=.283) nor the interaction of time with antacid (p=.463) was 

significant suggesting that the differences between the Alka-Seltzer 
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Effervescent and Bicitra group were consistent over the two time 

intervals (30 minutes and 60 minutes), i.e., they increased the pH in a 

consistent manner. 

This clinical trial demonstrated that Alka-Seltzer Effervescent and 

Bicitra given orally 30 minutes prior to induction of anesthesia effectively 

elevated the gastric pH above the critical level of 2.5 at both 30 minutes 

and 60 minutes. These results correlate with studies previously discussed 

in the background review of this chapter. Test of significance indicate 

that Alka-Seltzer Effervescent was more efficacious than Bicitra in 

elevating gastric pH. 

Based on the theoretical model presented in Chapter 2, the 

devastating cascade of events due to aspiration of gastric acid (pH <2.5) 

can be avoided by increasing the gastric acid pH to >2.5. Data from this 

study illustrated the efficacy of both antacids, Alka-Seltzer Effervescent 

and Bicitra, in increasing gastric fluid pH above 2.5. 

Also considered in this project were taste and cost. Patients were 

queried post ingestion of antacid whether they liked or disliked the 

antacid they received. Patients favored Alka-Seltzer Effervescent (93%) 
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over Bicitra (29%). The cost factor over time could be significant as 

there is a 28% cost savings when Alka-Seltzer Effervescent is prescribed 

instead of Bicitra. 

Limitations 

Limitations of the study were two-fold. The first limitation of the 

study was that no baseline data relative to pH was obtained prior to 

antacid administration. The second limitation of the study was that there 

was only one pH measurement per gastric fluid sample at both 30 

minutes and 60 minutes. 

Recommendations 

Due to the small sample size (N=29), this study represents pilot 

work and should be expanded to include a larger sample size. Also, it 

is recommended that the pH be measured at least three times (triplicate) 

at each time interval to avoid instrumentation error, thus increasing 

reliability of the data. 

Implications for Nursing 

The risk of gastric acid aspiration is a concern to all practicing 

nurse anesthetists. The patients most commonly "at risk" for most nurse 
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anesthetists in general practice are the trauma patient and term 

parturient presenting for emergency surgery requiring a general 

anesthetic. These patients typically have recently ingested a full meal 

before they have either been involved in an accident or have gone into 

labor. To further complicate the scenario, they are experiencing pain, 

anxiety and may have been given narcotics, all of which decrease gastric 

emptying, adding to an already full stomach and decreased gastric pH. 

This knowledge is critical for the nurse anesthetist as the potential 

danger of aspiration has been documented to be high on induction and 

emergence from general anesthesia. 

In emergent cases it is necessary to have a drug that has a short 

onset of action with an early peak effect and a long duration of action. 

Both antacids in this study fulfilled these criteria. Gastric pH was 

evaluated above the critical level of 2.5 within 30 minutes of ingestion 

and maintained efficacy through at least the next measured time interval 

of 60 minutes, thus adequately covering both induction and emergence 

from general anesthesia. Since Alka-Seltzer Effervescent was proven 

statistically significant over Bicitra in raising the gastric acid pH above 2.5 
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the author recommends Alka-Seltzer Effervescent be used as the 

preoperative prophylactic antacid of choice in patients "at risk" for 

aspiration pneumonitis, especially the trauma and term parturient patient. 

Aspiration pneumonitis is a potentially preventable iatrogenic 

complication of general anesthesia provided that a prophylactic antacid 

is administered in the preoperative period to neutralize gastric pH. It is 

essential that nurse anesthetists understand which antacid is most 

efficacious. These data provide the means by which nurse anesthetists 

can make an educated decision as to which antacid will provide the best 

possible outcome. 

Finally, the use of preoperative prophylactic antacids is not 

guaranteed to prevent aspiration of gastric contents; they can only 

ameliorate the consequences. Therefore, in final analysis, preparedness 

and skillful technique including rapid sequence induction, endotracheal 

intubation and cricoid pressure remain the hallmark of preventative 

therapy against acid aspiration. 
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Gregory J. Downs, M.D. 
10407 Saltbush Circle 

Moreno Valley, California 92557 
(909) 924-3113 

February 13,1993 

Open Letter 

RE: Study on patients at March AFB on preoperative use of Alka-Seltzer Gold 

To Those Concerned: 
A recent study involving patients gjven either Alka-Seltzer Gold or Bicitra as an antacid 
and measurements of gastric fluids did not require approval from the local IRB of the 
hospital at March AFB, California. This was reviewed and orally approved by the hospital 
administrator. If you should have any further questions please do not hesitate to contact 
me at the number listed above. 

Antacid 

-Gregory Jh-Bowns, M.D. 
. Associate Professor, Medicine-Anesthesiology 
University of California - Irvine 
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NONPARTICULATE ANTACID 
CONSENT FORM 

I , having been explained the current 
study in evaluation of a current Antacid therapy by Dr. Downs or one of 
his associates in the Anesthesia Department, agree to participate in the 
study. 

It has been explained to me that one of two, well known antacids will be 
given to me prior to surgery. As well, per the usual routine in the 
operating room a standard small suction tube will be introduced through 
my nose or mouth and into my stomach after I am asleep. A minimum 
of three small (one teaspoon samples) will be taken and evaluated to see 
which antacid is better. 

It has been explained that there are no special or unusual complications 
related to this technique that are not part of the normal potential 
complications in anesthesia. 

I also realize that I am able to withdraw from the study at any time and 
receive that same standard of care promised me. There will be no direct 
use of my name in this study. 

Patient's Signature Date 

Minor's consent (Legal Guardian) 

Witness 
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DATA SHEET FOR ANTACID 
THERAPY ANALYSIS 

Patient I.D. 
Date of Surgery: 

Time of Antacid given: 
Antacid #: 
Type of Antacid: 

Provider Initials: 
Consent signed?: 
ASA: 

Intraop: 
Droperidol?: 
Reglan?: • 

Postop: 
Nausea?: 
Vomiting?: 
Pt. acceptance to antacid (+/-): 

Time=0 (Antacid given) 
Time=t+x (time after antacid minutes) 

Time t+ t+ 

PH. 
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