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pH testing is utilized in a variety of medical applications, including critical care blood pH, renal function urine pH, gastric fluid pH to monitor acid suppression therapy, evaluation of ruptured membranes during delivery, diagnosis of bacterial vaginosis, placement of gastrointestinal (GI) feeding tubes, and chemical burn treatment in the emergency room.  pH can be determined by electrode and colorimetric litmus paper or dipstick methodologies.  These guidelines will focus primarily on the use of pH paper in determining gastric pH, placement of GI feeding tubes and treatment of chemical burns.  Guidelines in other sections will focus on blood pH, urine pH, and use of pH during delivery and evaluation of infection.  
Does the use of pH paper to diagnose and monitor treatment of chemical exposure in the Emergency Department and Urgent Care patient populations improve length of stay and severity of burn compared to empirical treatment (no monitoring)?
Recommendation: We note that pH paper may have utility in monitoring the treatment of chemical exposure in the Emergency Department and Urgent Care patient populations, but there is insufficient evidence to make a strong recommendation for or against its routine use.  pH testing poses no risk to the patient and the minimal cost of testing have led to its common availability.  However, a systematic examination should be conducted to determine if pH testing has an incremental benefit during irrigation therapy after chemical exposure that outweighs the time and expense required to maintain test quality training and documentation.  (Recommendation I, Grade of Evidence: III – clinical experience, descriptive studies, case reports and opinion)

	Table 1. pH Question 1 Literature Search – April 29, 2003

Databases Searched:

Medline OVID (1966 – April Week 3, 2003)

AHRQ National Guideline Clearinghouse

Search Criteria:

(pH AND chemical burns or Burns, Chemical/)  54 results; OR

(pH AND eye or EYE BURNS/ or EYE/ AND Lavage or wash or tears) 56 results; OR

(pH AND chemical burns or Burns, Chemical/ AND eye.mp or EYE BURNS/ or EYE/ AND ocular) 
11 results; OR

(pH AND chemical burns or Burns, Chemical/ AND ocular) 12 results; OR

(pH AND chemical burns or Burns, Chemical/ AND eye.mp or EYE BURNS/ or EYE/) 23 results; OR

(pH AND emergency or EMERGENCIES/ AND Reagent Strips/ or pH paper or Gastric Acidity Determination/) 21 results; OR

(pH AND eye or EYE BURNS/or EYE/ AND emergency or EMERGENCIES/) 4 results

Abstracts 

= 129 papers


Systematic Review 
=   19 papers


21 citations in final recommendation




Table 1 summarizes the results of our literature search of Medline OVID and AHRQ National Guideline Clearinghouse databases for peer-reviewed manuscripts that address patient outcome from utilizing pH litmus paper in the acute management of chemical exposure.  The quality of literature describing the use of pH paper in the treatment of chemical exposure is very poor and does not adequately link patient outcome to the use or failure to use pH paper.  Several studies utilize pH testing as a means of monitoring changes during irrigation therapy rather than as the goal or endpoint of that therapy.  QUOTE "1-13" 
1-13

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\1B\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Beiran, Miller, et al. 1997 #280\00 \00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00$\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Yano, Hosokawa, et al. 1995 #370\00 \00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00+\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1CYano, Hata, et al. 1994 #440\00\1C\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00,\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1CYano, Hata, et al. 1993 #450\00\1C\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00<\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt$Khurana, Chaudhary, et al. 1991 #610\00$\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00=\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1DHerr, White, et al. 1991 #620\00\1D\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00]\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1FFlynn, Mauger, et al. 1984 #940\00\1F\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00f\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt&Johnston, McCaughey, et al. 1982 #1030\00&\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00y\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1FGruber, Laub, et al. 1975 #1220\00\1F\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00º\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\12-, -, et al. #2130\00\12\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ÿ\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt"Bautista, Varela, et al. 1996 #350\00"\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\15\02\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1DKrenzelok & Clinton 1979 #740\00\1D\00 
  In these studies, the change in pH was monitored to note the effects of chemical exposure and washing of the exposed eye or skin area with different irrigation fluids and lengths of time.  The recommended duration of irrigation and type of fluid varied, but continuous washing of the affected area as soon as possible after chemical exposure was of utmost importance to prevent permanent tissue damage.  QUOTE "3,4,14-16" 
3,4,14-16

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00$\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Yano, Hosokawa, et al. 1995 #370\00 \00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00+\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1CYano, Hata, et al. 1994 #440\00\1C\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\008\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\0FJanda 1955 #570\00\0F\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00P\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1DLorette & Wilkinson 1988 #810\00\1D\00 
 It was difficult, however, to distinguish whether pH paper had any incremental benefit over the dilutional effects of simply flushing the exposed area with adequate amounts of fluid over a sufficient amount of time after exposure, since patient outcome was not directly compared with and without pH monitoring.   Yano et al. exposed rats to alkaline skin injuries and suggested that the pH at the skin surface is important and that irrigation should continue until the pH of the skin surface returns to normal.  QUOTE "5" 
5
 Amshel et al recommended irrigation of the eyes after anhydrous ammonia burns for at least 20 minutes or until a conjunctival sac pH below 8.5 is achieved.  QUOTE "14" 
14
 A review of chemical eye injuries by Burns and Paterson further indicated, “It is generally accepted that the pH of the external eye should return to normal before discontinuing irrigation…If prolonged irrigation does not return the pH to within the normal range, particulate matter possibly remains.”   QUOTE "17" 
17
  pH monitoring could thus have a role in determining the endpoint of irrigation therapy or provide the necessary criteria for further treatment.  However, these recommendations are based on clinical experience rather than direct comparison of the effects of pH testing in different groups of patients.  Additionally, much of the published research on treatment of chemical exposure has been conducted on animals, and animal based conclusions may not be capable of being directly extrapolated to human patients.  QUOTE "1-5,8,10,11" 
1-5,8,10,11

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\1B\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Beiran, Miller, et al. 1997 #280\00 \00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00$\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Yano, Hosokawa, et al. 1995 #370\00 \00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00+\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1CYano, Hata, et al. 1994 #440\00\1C\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00,\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1CYano, Hata, et al. 1993 #450\00\1C\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00]\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1FFlynn, Mauger, et al. 1984 #940\00\1F\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00y\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1FGruber, Laub, et al. 1975 #1220\00\1F\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00º\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\12-, -, et al. #2130\00\12\00 
   
The type of chemical may also be a consideration when using pH paper for monitoring exposure and ingestions. Some chemicals may not alter pH (organic chemicals) or may be so acidic or basic that standard pH paper cannot adequately measure the agent.  Krenzelok et al recommends that “a sample of the ingested agent and its original container should be brought with the patient [to the emergency department]…The information obtained from [pH testing] provides objective data regarding the alkalinity of the product and strongly influences the decision to perform endoscopy on each victim”.  QUOTE "13" 
13
 A wide range pH paper of 1 – 12 and also pH paper with an extended range of 12 – 14 is recommended, since some pH paper commonly found in emergency departments has too narrow a pH range to be useful in evaluating caustic substances.  Others, however, have noted that pH paper is inaccurate in the assessment of strong acids and strong bases and biases of 1.7 units or more may inappropriately alter treatment decisions, although patient outcomes have not been thoroughly examined.  QUOTE "10" 
10

Of further consideration is the ability to obtain a reliable result from pH paper.  pH paper is hygroscopic and susceptible to light and changes in humidity.  Storage conditions and operator technique should therefore be monitored to ensure adequate response and interpretation of results.  pH paper measures pH in color-coded increments.  Accurate paper readings are dependent on sufficient color vision and adequate lighting to discriminate a color change in the presence of interfering paper staining by components such as blood, antacids and bile.  QUOTE "18,19" 
18,19

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\01\02\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1ADurham & Weigelt 1989 #540\00\1A\00 
 The burden and expense of documenting operator training, competency and quality control of pH paper is not insignificant, yet the cost of the pH paper itself is minimal and pH testing poses virtually no risk to the patient provided proper technique is utilized to collect the sample and perform the test.  The pH paper should not be placed in the eye or directly in contact with an exposed area of skin, but should test the tears and irrigation fluid flushing the exposed area.  Direct contact can lead to further irritation due to the chemicals in the paper and pH paper is not a sterile medium.
Our literature search also found two other emergent or acute applications of pH testing; prevention of aspiration pneumonia in surgical patients and the differential diagnosis of diarrhea.  Aspiration of stomach contents can lead to pulmonary damage due to its acidity, and unconscious or anesthetized patients are at higher aspiration risk.  Johnston recommends monitoring the pH of gastric contents as an indicator of the risk of pulmonary aspiration during anesthesia.  QUOTE "9" 
9
  Administration of preoperative cimetidine can block the secretion of acid and provide protection at intubation or extubation.   Wynn notes the critical pH below which severe lung damage occurs varies from species to species, for example, 1.7 for rats and 2.1 to 2.4 for rabbits.  QUOTE "20" 
20
 A critical pH of less than 2.5 has been suggested for humans, but has not been proven.  Nevertheless, gastric aspirates have commonly been termed “acidic” at pH values less than 2.5.  QUOTE "20" 
20
 pH testing may thus have a role in monitoring gastric acidity prior to surgery.   
In a separate application, the American Gastroenterological Association suggests that a low fecal pH less than 5.3 is characteristic of diarrhea caused solely by carbohydrate malabsorption, while a pH greater than 5.6 argues for a generalized malabsorption syndrome that involves fecal loss of amino acids and fatty acids in addition to carbohydrate.  QUOTE "21" 
21
 Fecal pH testing may therefore be useful in distinguishing the causes of diarrhea.  The use of pH paper is not directly recommended in either of these applications, and a pH meter may be better suited and more capable of distinguishing narrow pH differences, like 5.3 from 5.6, in the presence of gastric or fecal substances that can affect pH color change. 
Does continuous gastric pH monitoring, compared to random gastric pH determinations, improve patient symptoms and severity in the management of achlorhydria and gastric reflux in inpatient and endoscopy patients?
We recommend against the intermittent use of pH paper on gastric aspirates in the diagnosis of gastric reflux disease in favor of continuous monitoring.  The role of pH testing to manage acid suppression therapy is controversial.  Although the use of pH testing is common on critical care units, there is a lack of evidence that pH monitoring to adjust drug dosage improves either morbidity or mortality in these patients.  (Recommendation D, Grade of Evidence: II –2 well designed case controlled and correlation trials and Evidence Grade III consensus opinion)

	Table 2. pH Question 2 Literature Search – April 29, 2003

Databases Searched:

Medline OVID (1966 – April Week 3, 2003)

AHRQ National Guideline Clearinghouse

Search Criteria:

(pH AND Gastric Juice/ or gastric fluid AND achlorhydria or ACHLORHYDRIA/) 20 results; OR

(pH AND Gastric Juice/ or gastric fluid AND gastroesophageal Reflux/ or gastric reflux) 70 results; OR

(pH AND Gastric Juice/ or gastric fluid AND Gastric Acidity Determination/ or continuous pH monitoring AND achlorhydria or ACHLORHYDRIA/) 7 results; OR

(pH AND Gastric Juice/ or gastric fluid AND Gastric Acidity Determination/ or continuous pH monitoring AND gastroesophageal Reflux/ or gastric reflux)15 results; OR

(pH AND Gastric Juice/ or gastric fluid AND achlorhydria or ACHLORHYDRIA/ AND Gastric Acidity Determination/ or ambulatory pH monitoring) 7 results; OR

(pH and Gastric Juice/ or gastric fluid AND gastroesophageal Reflux/ or gastric reflux AND Gastric Acidity Determination/ or ambulatory pH monitoring) 15 results; OR

(Reagent Strips/ or pH paper AND GASTRIC JUICE/ or gastric or GASTRIC ACID/) 31 results

Abstracts 

= 136 papers


Systematic Review 
=   51 papers


27 citations in final recommendation





Table 2 lists the results of our search for manuscripts that examined patient outcome from the use of pH monitoring in achlorhydria and gastric reflux disease.  Continuous pH monitoring is considered the gold standard for the diagnosis of gastroesophageal reflux (GER).  QUOTE "22-24" 
22-24

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00‘\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\11Hendrix 1993 #170\00\11\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ä\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\19Johnson & DeMeester #2180\00\19\00 
  Ambulatory intraesophageal pH monitoring is regarded as the most accurate, clinically relevant measure of GER available  QUOTE "23" 
23
 and is useful in measuring gastric pH changes, estimating esophageal acid exposure, and documenting reflux episodes.  QUOTE "25" 
25
 The test involves tiny pH electrodes that are swallowed or passed transesophageal to the depth of the gastric sphincter or into the stomach to sense pH changes at those sites.  Data is continuously recorded in a portable data logger that can be wirelessly or manually downloaded after the procedure.  Computer software is available for statistical data reduction to determine the cumulative exposure to acid, number of episodes, average duration, number of episodes longer than 5 minutes and the longest episode of pH below 4.0.  Continuous pH monitoring demonstrates the highest values of sensitivity (88%) and specificity (98%)  QUOTE "26" 
26
 for the diagnosis of GER compared with other methods of endoscopy, manometry, barium esophagogram, reflux scintigraphy, cinematography, or reliance on symptoms like heartburn and regurgitation.   QUOTE "22,27,28" 
22,27,28

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00¶\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\14Sondheimer 1980 #540\00\14\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00’\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt)Bollschweiler, Feussner, et al. 1993 #180\00)\00 
 

Continuous pH monitoring has also provided insight into the various complications of GER.  Esophageal damage is more likely to occur with excessive exposure to gastric juice, especially fluids with a pH less than 2.0, and patients with strictures and Barrett’s esophagus, a potential precursor of esophageal carcinoma, have been reported in prolonged exposure to acid of increased concentration. QUOTE "26,29,30" 
26,29,30

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Œ\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt"Bremner, Bremner, et al. 1995 #120\00"\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00“\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt"Bremner, Crookes, et al. 1992 #190\00"\00 
 A comprehensive review found pH monitoring alone and in conjunction with motility monitoring to be valuable in the evaluation of patients with a variety of symptoms ranging from non-cardiac chest pain, gastric, pulmonary, laryngeal and dental disease as well as the assessment of medical and surgical reflux therapies.   QUOTE "26,27" 
26,27

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ú\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1DKahrilas & Quigley 1996 #1240\00\1D\00 


Inhibition of acid secretion with H2 receptor antagonists or neutralization of stomach acid with antacids is frequently used to prevent stress ulcers and bleeding, especially in acutely ill patients.  pH monitoring has been utilized to guide antacid and H2 antagonists with the goal to achieve and maintain a gastric pH greater than 4, and this type of pH monitoring has become the standard of practice on critical care patients, but there is a general lack of supporting evidence that such monitoring improves patient morbidity and mortality.  QUOTE "31" 
31
 As sucralfate therapy does not alter pH, the monitoring of pH is not warranted with this drug.  QUOTE "32" 
32
  
When clinicians do consider monitoring, pH can be tested continuously with gastric electrodes or intermittently on gastric aspirates using either a pH meter or pH paper.  pH meters have better accuracy for measuring pH when compared to pH paper  QUOTE "18,33-37" 
18,33-37

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00”\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt$Bradley, Phillips, et al. 1998 #1480\00$\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ó\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\19Dobkin & Yeston 1992 #400\00\19\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ú\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt!Eisenberg, Cort, et al. 1990 #470\00!\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ý\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt#Caballero, Ausman, et al. 1990 #500\00#\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\11\02\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Meiners, Clift, et al. 1982 #700\00 \00 
, but pH meters may not be practical to maintain at all sites where patients are being monitored. There are mixed reports on the ability of pH paper to adequately estimate gastric pH.  Bias has been noted between pH paper and pH meters in the pH range of 2 – 6 that tends to overestimate the patient’s gastric pH by litmus paper. While some investigators find this bias to be clinically relevant  QUOTE "18,34" 
18,34

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ý\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt#Caballero, Ausman, et al. 1990 #500\00#\00 
, others claim the error bias is smaller than the paper color increments and the use of pH paper is reasonable  QUOTE "37,38" 
37,38

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\11\02\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Meiners, Clift, et al. 1982 #700\00 \00 
.  It is important to note that these studies do not recommend implementation of pH meters for routine monitoring of antacid therapy until further studies specifically evaluate the effects of the pH meter/paper bias on patient outcome.  QUOTE "34" 
34
 
Other studies have compared nasogastric tubes containing a pH electrode capable of continuous monitoring and gastric aspirate pH by litmus paper for assessing antacid therapy.  QUOTE "33,36,39" 
33,36,39

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00A\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1DNeill, Rice, et al. 1993 #650\00\1D\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ú\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt!Eisenberg, Cort, et al. 1990 #470\00!\00 
  While general concordance between the methods was found, some discrepancies with pH paper measurement were hypothesized to be the result of aspirated antacid residue  QUOTE "36" 
36
, the presence of proteins and bile, or simply the heterogeneous nature of gastric contents  QUOTE "35" 
35
.  The timing of gastric aspirates may be critical to the agreement between continuous monitoring and pH paper.  Poor correlation was noted for both the median pH values and the percentage of time below pH 3 between 24 hr monitoring and once daily aspirates  QUOTE "40" 
40
 while better correlation was found with more frequent aspirate measurements.  QUOTE "36,41" 
36,41

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00m\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt!Savarino, Mela, et al. 1987 #1090\00!\00 
  Intragastric pH measurements may actually be more reflective of the microenvironment surrounding mucosal cells, but could also be registering only the gastric pH in contact with the electrode and differ in various parts of the stomach or gastric contents.  QUOTE "19,37,42,43" 
19,37,42,43

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00-\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1EFisher, Sher, et al. 1996 #450\00\1E\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Ú\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1CMiller & Doberneck 1967 #900\00\1C\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\11\02\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt Meiners, Clift, et al. 1982 #700\00 \00 
  pH electrodes can measure pH when it is difficult to obtain a sufficient volume of aspirate.  This may be important in monitoring intestinal pH where collection of adequate amounts of aspirate are difficult.  QUOTE "19,44" 
19,44

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Ö\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\16Benn & Cooke 1971 #860\00\16\00 
 Given the time involved in collecting an aspirate and the potential for various interferences with paper color changes, continuous pH monitoring was judged to be a simpler, safer, faster and more reliable measure of gastric pH when compared to measurement of gastric aspirates with pH paper  QUOTE "19,33,36" 
19,33,36

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ú\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt!Eisenberg, Cort, et al. 1990 #470\00!\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00A\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1DNeill, Rice, et al. 1993 #650\00\1D\00 
, however continuous pH monitoring is expensive and litmus paper might offer a more economical alternative for those clinicians wanting to monitor acid therapies at the bedside  QUOTE "45" 
45
. 
Continuous pH monitoring is not without challenges.  The electrodes must be calibrated before each use and the calibration drift monitored after each patient.   There is no standard method for calibration or consensus regarding acceptable bias and drift.  Calibration is conducted with pH buffers at room temperature, so appropriate correction factors must be factored into the monitor’s software to account for differences between body and room temperature.  QUOTE "26" 
26
 Additional corrections may be necessary at very low pH or pH values near 7 where certain types of electrodes may display more bias.  QUOTE "26" 
26
 Internal placement of the electrode will affect the test results.  If the electrode is not far enough into the esophagus, the monitor may fail to detect reflux episodes, and if the electrode is placed too far, the test may monitor gastric or duodenal pH changes. QUOTE "26" 
26
  Drift can be judged by testing of pH buffers before and after patient monitoring.  Most studies have limited the examination of data from patients where the electrode did not drift by more than 0.2 – 0.4 pH units over the testing period.  QUOTE "25,44,46,47" 
25,44,46,47
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 Despite these limitations, continuous pH monitoring is currently considered the gold standard in diagnosis of GER.  Monitoring therapy with pH paper while considered a standard of care in many critical care units, may have a clinical role, but there is a lack of supporting evidence that pH monitoring to guide acid suppression therapies actually lowers patient morbidity and mortality.  QUOTE "31" 
31
 Clinically significant bleeding as opposed to occult bleeding has been suggested as a more appropriate therapeutic endpoint.  QUOTE "32" 
32
 
Does the use of pH paper for assisting the placement of nasogastric tubes, compared to clinical judgement (air, pressure) improve the placement of tubes on inpatient, endoscopy, home care and nursing home patients?
We recommend for the use of pH testing to assist in the placement of nasogastric tubes. Radiography is considered the gold standard means of determining tube placement, but there is fair evidence that pH testing can predict the position of nasogastric tubes while reducing the number of x-rays and exposure of the patient to additional radiation. The choice of measuring pH with an intragastric electrode or testing tube aspirates with a pH meter or pH paper will depend on consideration of the clinical limitations of each method, and there is conflicting evidence over which method is better.  (Recommendation B, Grade of Evidence: II –3 prospective comparative trials and Evidence Grade III expert opinion)
	Table 3. pH Question 3 Literature Search – April 29, 2003
Databases Searched:

Medline OVID (1966 – April Week 3, 2003)
AHRQ National Guideline Clearinghouse

Search Criteria:

(NG tube placement) 6 results; OR 

(pH AND nasogastric tube) 134 results; OR 

(Gastroccult) 6 results; OR 

(pH paper) 45 results; OR 

(Nitrazine) 37 results; OR 

(Gastric Occult Blood) 2 results; OR

(pH AND Gastrointestinal Hemorrhage/OR Occult Blood/ AND Enteral Nutrition/ OR Intubation, Gastrointestinal/ OR Nasogastric tube) 10 results; OR 

(pH paper AND nasogastric tube) 3 results; OR

(pH paper AND Enteral Nutrition OR Intubation, Gastrointestinal/ OR Nasogastric tube) 5 results; OR 

(pH AND nasogastric tube AND Gastric Acid/or Gastric Juice/ or gastric fluid) 47 results

Abstracts 

= 233 papers


Systematic Review 
= 19 papers


14 citations in final recommendation




Fourteen manuscripts were found in our literature search to address our clinical question and have a focus on the use of pH testing for nasogastric tube placement.(Table 3) Methods to assure correct placement of a nasogastric (NG) or nasointestinal (NI) tubes include careful insertion of an appropriate length of tube, direct visualization of the oropharynx to confirm esophageal entry, auscultation of the gastric area during insufflation of air, aspiration of gastric contents from the tube, irrigation of the tube with 10 to 50 mL of water, abdominal roentgenogram to confirm tube position, and direct palpation of the tube within the stomach during intra-abdominal procedures.  QUOTE "48" 
48
  Radiography is considered the gold standard means of determining tube placement in clinically ambiguous cases, however pH testing may provide a faster, safer and more economical means of screening tube placement prior to considering radiography.  Gastric contents are normally more acidic than intestinal or respiratory fluids.  Neuman et all noted that an aspirate pH greater than 4 was not useful in predicting malposition of the tube (ie respiratory vs placement in the GI tract), but an aspirate pH of less than 4 can reduce the need for x-ray films and exposure of the patient to additional radiation (positive predictive value 100%, sensitivity 100%, specificity 88% for N =46 patients and 78 tube placements).   QUOTE "49" 
49
 As acid inhibitors and antacids increase gastric pH, studies on patients under acid suppression suggest that a higher gastric cutoff of pH 6.0 may provide better discrimination of tube placement and may further be useful in distinguishing gastric from intestinal placements.  Over 81% of gastric samples were found to have a pH between 1 and 4, while over 88% of intestinal aspirates had a pH greater than 6.   QUOTE "38,50" 
38,50

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00\00\02\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt#Metheny, Williams, et al. 1989 #530\00#\00 
   Pulmonary fluid has a pH greater than 6.5, confounding the interpretation of aspirates with pH greater than 6 between intestinal and pulmonary placement.  Radiography studies may be useful in equivocal cases of aspirated fluid with a pH between 4 and 6.  A change of more than 4 pH units, the addition of bilirubin measurement, and the visual characteristics or volume of the aspirate have been suggested as possible ways to improve the prediction of tube placement.  QUOTE "51-55" 
51-55

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ß\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt#Metheny, Stewart, et al. 1999 #2170\00#\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00Þ\00\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\12Metheny 1988 #2160\00\12\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00<\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt\1CBerry, Orr, et al. 1994 #600\00\1C\00 

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00�\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt!Metheny, Smith, et al. 2000 #1440\00!\00 
  However, the effect of these suggestions on patient outcome remains to be examined.    

While pH testing is useful in determining tube placement, there is some controversy over which method of monitoring pH is better; use of a continuous intragastric electrode, or measurement of the pH of tube aspirates with a pH meter or pH paper.  Intragastric monitoring with a pH probe attached to the end of a feeding tube can assist in both tube placement and monitoring of acid suppression therapy for several hours.  These probes are technically simpler, faster and may be more accurate than testing gastric aspirates with pH paper.  QUOTE "33,36" 
33,36

 QUOTE ""  ADDIN PROCITE ÿ\11\05‘\19\02\00\00\00\00\01\00\00ú\01\00\00WC:\5CDocuments and Settings\5CEn43202\5CMy Documents\5CDocs\5CNACB\5CLMPG2004\5CpH\5CpH1to4combined.pdt!Eisenberg, Cort, et al. 1990 #470\00!\00 
  Intragastric and aspirate pH monitoring is capable of continuously monitoring pH changes of the gastric contents, but this pH may not reflect the actual pH at the mucosal cell surface.  QUOTE "37" 
37
 Therapy to raise the pH content of gastric contents based on the gastric aspirates may vary significantly from intragastric pH, overestimating the true intragastric acidity and guide therapy changes that may not be sufficiently protective.  This hypothesis is supported by case reports of bleeding and treatment failure while on acid suppression, and significant bleeding as opposed to occult bleeding may be a better endpoint of acid therapy than pH.  QUOTE "32" 
32
   

Testing the pH of aspirated gastric contents with paper or a pH meter also may not provide equivalent pH results.  Several studies have noted clinically relevant biases between pH paper and pH meters in the pH range of 2 to 6 that would have led to overestimation of gastric pH in 4 of 51 patients  QUOTE "34" 
34
, and would have resulted in inappropriate treatment for 28% of the samples tested in another study  QUOTE "18" 
18
. These biases are believed to be related to the limitations of accurate pH paper assessment in the presence of salts (antacids) and interferences from bile, protein and other substances found in an inhomogeneous sample like gastric fluid.  QUOTE "18,56" 
18,56
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 The patient outcome predicted by the pH paper bias has not been confirmed.  Other studies have claimed that the magnitude of the pH bias is smaller than the error of pH paper measurement (typically read in 0.5 – 1.0 pH unit increments). QUOTE "38" 
38
  Clearly, pH testing of gastric aspirates has clinical utility in the determination of feeding tube placement, and pH paper can be used to judge the pH of gastric aspirates provided that appropriate consideration is given to its limitations.  pH testing in general is not a total replacement for radiography, as gastric fluid is only capable of being aspirated in about 85 – 95% of cases and fluids with pH greater than 6 may not be conclusive for gastric placement (since both intestinal and pulmonary placements can have pH values above 6.0). pH testing can, however, reduce the need for reliance on radiographic confirmation in every tube placement providing efficiency and cost savings in patient management.

Is one brand of pH paper better than another brand in improving patient symptoms and time to treatment of chemical burns in emergency and urgent care patients, and in improving the accuracy of nasogastric tube placement in inpatient, endoscopy, home care and nursing home patients?
There is insufficient evidence to recommend one brand of pH paper over another brand of pH paper for use in the treatment of chemical burns or placement of nasogastric tubes. (Recommendation I, Grade of Evidence: III case reports and opinion)
	Table 4. pH Question 4 Literature Search - April 29, 2003

Databases Searched:

Medline OVID (1966 – April Week 3, 2003)

AHRQ National Guideline Clearinghouse

Search Criteria:

(Nitrazine)  37 results; OR

(pH paper) 45 results; OR

(pH Nitrazine) 1 result; OR

(pH AND Nitrazine) 12 results


Abstracts 

= 81 papers


Systematic Review 
= 14 papers


2 citations in final recommendation





Table 4 summarizes the results of the literature search for studies comparing clinical outcomes from the use of different pH papers. Two studies were found that compared pH results between different brands of pH paper.  Brands with multiple color changes were found to be more accurate when compared to pH meter results.   QUOTE "57,58" 
57,58
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  Products providing more than one color change or multiple overlapping scales of colors were found to detect more subtle pH changes and were preferred by nurses and anesthetists over those papers with a single color change.  The accuracy of single color pH papers ranged from 20 % to 83% depending on the paper.  QUOTE "57" 
57
 Single color pH papers were noted to have major deficiencies discriminating pH 4, while multiple color papers had more difficulty in the low range of pH less than 1.  QUOTE "58" 
58
  The effects of these inaccuracies on patient outcome were not examined.  In light of the age of these studies (1983 and 1987) and variety of pH papers available on the market, there is insufficient evidence to recommend one brand of pH paper over another for monitoring antacid therapy, feeding tube placement or irrigation of chemical burns.  
Summary and Future Directions

Continuous pH monitoring is recommended for the diagnosis of GER disease, and intermittent testing by pH meter or litmus paper does not have diagnostic utility in this disorder.  pH testing seems to have a beneficial clinical role in confirming the placement of feeding tubes.  However, the use of pH testing in managing acid suppression therapy and determining the efficacy of wound irrigation after chemical exposure will require further studies that directly examine the effects of pH testing on patient outcome.  More importantly, studies are needed to determine the type of monitoring that is most effective and to define when more accurate measurement by pH meter is required or when less precise estimates by pH paper may suffice.  pH paper is inexpensive and may be considered inconsequential in patient management, but inaccuracies in pH results can lead to undertreatment with acid inhibitors, inappropriate feeding tube placement, and premature discontinuation of irrigation for chemical burns that has the potential for serious and costly patient consequences.  Clinicians are encouraged to thoroughly examine the accuracy, applicability and benefits of any test before implementation in patient care and verify continued outcomes periodically after any change in practice.
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Public Comments:
1) Received during the AACC Presentation – It seems that your group has left off one of the most important uses of pH testing, Nitrazine paper.  Have you looked at nitrazine for women’s health?  Response: In our introduction section, we specifically state, “These guidelines will focus primarily on the use of pH paper in determining gastric pH, placement of GI feeding tubes and treatment of chemical burns.  Guidelines in other sections will focus on blood pH, urine pH, and use of pH during delivery and evaluation of infection.”  Blood pH can be found in the critical care section grouped with blood gases.  Urine pH is addressed in the renal guidelines.  Use of nitrazine paper and ruptured membranes is found in the reproduction section.  Finally, nitrazine or pH testing for bacterial vaginosis can be found in the infectious disease section.

No other comments have been received.  
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