
Esophageal  Multichannel  Intraluminal  
Impedance-pH (MII-PH) Monitoring 

Gold  standard  for  diagnosis  of  GERD 



pH Monitoring Systems for Measuring Esophageal Acid Exposure 

1-  24 hours  pH monitoring 

2-  Wireless  pH  montoring(Bravo) 

3-  pH  Impedence monitoring (pH- MII) 

4-  Bilitec 

What is difference ? 

24 hours  pH monitoring Logger Bravo 



pH  impedance cathter based on age 



High Resulution  Manometry(HRM)  to 

detection of LES zone 

Cathter based pH  and impedance monitoring 



Catheter based 24hour ambulatory Ph  and ph/impedance monitoring 

Red spot: pH electrodes 
Grey loop: impedance electrodes 
Black spot: pressure sensors.  

Xiaoqing et al.Neurogastroenterology & Motility. 2019;31:e13707. 

Positions of electrodes of the ambulatory pH 

impedance‐ pressure monitoring system.  



24 hours pH monitoring 

                    ( Conventional 24hours  pH monitoring) 

 Serve as GERD severity estimate in the 

absence of esophagitis 

 Indicate when GERD  occures 

 Allows for symptom correlation with acid reflux 

episode(s)  

 Indcated distal acid exposure 

 

 

Kahrilas et al.Aliment Pharmacol Ther2005;(suppl.3);2 



 Patient  comfort 

 Increased sensitivity  Prolong  monitoring(Day to day variability) 

 Improved patient  compliance 

 Reduce  impairement  of  daily  activity 

 Decreased likelihood  of  cathter  movement  

Wireless  pH  montoring(Bravo) 



Wireless  pH  montoring(Bravo) 

(A) Position Bravo pH 

capsule 

Steps in placement of the Bravo capsule 

(B) Apply suction to 

catheter until 700 mmHg 

is reached for 60 seconds.  

. (C) Depress plunger to 

advance pin.  

(D) Release capsule 

by rotating the 

plunger clockwise. 

 

(E) Begin pH recording. 

Components of the Bravo 

capsule(Prepackaged ) system. 



Bravo pH monitoring system to monitor esophageal-acid exposure over a 96-hour period 

Pandolfino et al. Gastroentrology endoscopy 2009;69(4);917 

Wireless pH montoring(Bravo) 

percentage of time  with esophageal pH< 4 can be monitored over each day, delineating patients with 

significant esophageal-acid exposure while off  therapy and to determine whether esophageal-acid 

exposure is appropriately reduced with PPI therapy  



 

 Hypersensitive 

esophagus to Acid 

or Non-acid 

 Normal AET 

and SAP+/SI+ 

(33%) 

Functional 

heartburn 

Normal AET and 

SAP-/SI- 

20%-30% 

27%) 

True NERD  to 

acid or non-acid 

Positive AET and 

SAP+/SI+ 

(35%) 

Special  NERD  to 

acid or non-acid 

Positive AET and 

SAP-/SI- 

(5%) 

Non-Erosive Reflux Disease 

(NERD)  

Erosive Reflux Disease 

(ERD)  

Gastroesophageal reflux symptoms 

Giacchhino et al. Ann Gastroentrology2013;26;283-9 

30% 70% 

Acid exposure time is 

negative 

(AET-) 

Acid exposure time is positive 

(AET+) 

MII-PH 

EGD 



Knowles et al.Gut 2008;57:674–683 

Acid  

Weakly Acid  

Alkalin 

Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

Rome  

Criteria 3 



On Medication ( On PPI) Off  Medication ( Off  PPI) 

Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

Uncertainty about diagnosis of reflux 
Mildest grades of esophagitis:  
                               -Redness 
                               -Feriability 
                               -Ultra- short BE 

On PPI 

 Assessement response to anti-secretory 

treatments 

 Patients who has failed a therapeutic trial 

 Patients who highly likely to have reflux 

Off PPI 



Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

Logger 



Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

Logger 

Dtermines proximal 

reflux 

Dtermines distal reflux 

Gastric pH sensor 



pH 6.0 – 7.0 

pH 1.0 – 3.0 

– pH scale from 0 to 14 

• Acid  pH :  0 - 7 

• Neutral                    pH :  7 

• Alkaline   pH : 7 - 14 

Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 



Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

 Reflux episodes were characterized by pH metry as Acid, Weakly 

acidic, or Weakly alkaline 

(i) Acid reflux: Refluxed gastric juice with a pH <4 which can either 

reduce the pH of the oesophagus to below 4 or occur when 

oesophageal pH is already below 4(Superimposed acid reflux) 

(ii) Weakly acidic reflux: Reflux events that result in an oesophageal 

pH between 4 and 6.5 

(iii) Weakly alkaline reflux: Reflux episodes during which nadir 

oesophageal pH does not drop below 6.5 

Sifrim et al.Gut 2004; 53: 1024–31.  

Gas reflux events without liquid (Belches) were considered 

separately and were not characterized by pH. 



Drugs Discontonued 

  Anti- acid 

  H2R antagonists 

  PPI, Herbals and other OTC 

medications 

  Prokinitic and Muscle relaxants 

 6 hours 

 3 Days 

 Two week 

 

 Three days 

Cautions 

 Patients  were  advised  to  continue  daily  regular activities  

 Have a  minimum of 3 standard (Meditranians) meals  during the 

study period.  

 Patients were asked to avoid eating fruit juice and acidic beverages 

including  apple,  orange, or  lemon  juice  during  the  examination  

 Push  the  symptom indicator  button on the MII-pH each time they 

experienced  Heartburn  or  Regurgitation and chest pain  

Avoid of eating 2 hours after three maine meals ( brekfast, lunch 

and dinner),for  excite  post  prandial  reflux 

Logger 



Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

 غذا و نوشیدنی -

 حالت درازکش -

 عالئم -

Logger 



Indication of MII-PH Monitoring  

 Un-resposive to  optimal  dose  of  anti-secratory  drugs 

 Assessement of  patients  compliance 

 Assessment  of  Acid , Weakly acid,  Non-acid(Alkaline ), 

Liquid, Gas  impedance 

 Physiological study  of  Pre-fundiplication 

Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

Pilic et  al. J Pediatric  2011;158;650-4 



 Impedance is the electrical resistance measured with 
an alternating current 

 Discovered by Georg Ohm around 1800 

Georg Simon Ohm  
1789-1854 

Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

 Impedance  monitoring is a new technique that can be used to detect 

the flow of fluids and gas through  hollow  viscera 

 Impedance  monitoring,  independent  of  its  acidity, can be detected  

by differences  in  electrical impedance between the mucosal surface, 

fluids and gas that surround the catheter 

 Combination  of  Esophageal pH, and  Impedance-pH  monitoring  

allows recognition  of  both  Acidic  and  Weakly  acidic  reflux  

episodes 

Bredenoord et al.Neurogastroentrology and motilityVolume2008;20(5);434–9 

Impedance  Electrodes  



Air 

10.000.000 ohm*cm 

High value (10.000.000 ohm) 

Almost no ions are moving 

Impedance of air: 

R=V/I 



Water 

1.000 ohm*cm 

Medium value (1000 ohm) 

Some ions are moving 

Impedance of air: 



Salt Water 

100 ohm*cm 

Salt 

Low value (100 ohm) 

A lot of  ions are moving 

Impedance of air: 



Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

Impedance value Impedance range 
High impedance = Low conductivity 



25 

Impedance signals 

Oesophagus wall 

Pressure contraction 

Water bolus 

Air in front of bolus 

Impedance ring 

Pressure sensor 
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Impedance signals 

• Baseline signal 

IMP 

PRES 
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• Air in front of the bolus 

IMP 

PRES 

Impedance signals 
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• Bolus 

IMP 

PRES 

Impedance signals 
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• Pressure contraction (increased impedance) 

IMP 

PRES 

Impedance signals 



30 

• Baseline signal 

IMP 

PRES 

Impedance signals 
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• Animation 

IMP 

PRES 

Impedance signals 



Impedance signals 

Baseline   Air    Bolus    Contraction    Baseline 

Bolus entry   ….  exit 

Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 



A: Wet  swallow: Liquid  falls  down  into  the  esophagus 

B:  Front  of  pressure  wave  clear  the  esophagus 

WS  Clearing  Peak 

A B 

Esophageal Multichannel Intraluminal Impedance-pH (MII-PH) Monitoring 

Front  of  pressure  wave  



Interpretation of 24 hour pH metry curve 



Interpretation of 24 hour pH metry curve 



Interpretation of 24 hour pH metry curve 



Meal Symptoms Supine Scrollar 
Cursorline  

Interpretation of 24 hour pH metry curve 



Meal Symptoms Supine Scrollar 
Cursorline  

Interpretation of 24 hour pH metry curve 





Air 

Baseline 

Liquid 

Ohm 

6000 

3000 

0 

• Remember: 

– Air                   5000 .. 10.000  Ohm 

– Baseline          1500 .. 4.000  Ohm 

– Liquid              200 .. 500   Ohm 

MII Detected Bolus Movement 

Antegrade Retrograde 

Interpretation of 24 hour pH metry curve 



5 cm 

Z6 

Z5 

Z4 

Z3 

Z2 

Z1 

pH 

 8 Rings- 6 channels 

 1 pH 

 Bolus detection: 50 % drop of 

baseline 

 Liquid moves up from the 

stomach into the esophagus 

 Liquid is cleared by a 

peristaltic contraction 

Interpretation of 24 hour pH metry curve 



1 
3 

5 cm 

2 
4 

1: Air intake 

2: LES opens 

3: Reflux 

4: Clearance 

1: Liquid reflux 

2: Patient swallows air 
as a reaction to the 
reflux 

3: Clearance 

Interpretation of 24 hour pH metry curve 



5 cm 
2 1 3 

• 1: Liquid reflux 

• 2: Patient swallows air as a 

reaction to the reflux 

• 3: Clearance 

Interpretation of 24 hour pH metry curve 



Tracings from 48-hr esophageal pH and multichannel impedance-pH studies 

 Top panel is a 48-hour pH capsule study 

in a patient with GERD.  

 Meals/drinks are shown by the yellow 

lines,  

 Supine periods are shown in blue.  

 Orange bars represent symptoms that 

were associated with acid reflux.  

 Bottom panels are examples of acid and 

nonacid reflux detected by 

MIImultichannel -pH monitoring. , 

 A, Acid reflux, with a typical pattern of 

sequential impedance drops in a retrograde 

direction, reaching the third impedance-

measuring segment (Z3) and associated 

with an esophageal pH fall to less than 

4.0.  

 B, Non-acid reflux in a patient on a PPI 

who reports an episode of regurgitation 

during this reflux episode, with a typical 

impedance pattern of retrograde flow 

reaching Z1 and despite esophageal pH 

remaining above 4. 
Slisenger 2016,Ch14 

Patient on a PPI  







Interpertation  and report of  pH  metry  



Interpertation  and report of  pH  metry  

DeMeester (Acid) scoring 

results  



DeMeester (Acid) scoring results  

  
Score component Patient Score Mean SD   

Total reflux time 53.0 38.87 1.51 1.36 Total %  

Total reflux time 20.5 8.76 2.34 2.34 Upright %  

Total reflux time 78.4 78.75 0.63 1.00 Supine %  

Nr of reflux periods 173.6 13.11 19.00 12.76 in 24 hours  

Nr of long reflux periods >5 min. 21.8 18.79 0.84 1.18 in 24 hours  

Longest reflux 149.3 19.16 6.74 7.85 min  

                                                                                                     

DeMeester(acid) score: 177.43 (14.72 is upper limit of 95.0 percentile of normal)  

 
+ 38.87 

+ 8.76  

+ 78.75  

+ 78.75 

+ 13.11  

+ 18.79 

+ 19.16 

----------- 

  177.43   

DeMeester score 

DeMeester(Acid) score 



Interpertation  and report of  pH  metry  



Reflux results with normal values(Acid/Weakly acid/Non acid) 

Interpertation  and report of  pH  metry  

Reflux results with normal values(Liquid/Mixed/Gas) 

Reflux results with normal values(both Exposure/ Proximal extent) 



Reflux extent Result 

Interpertation  and report of  pH  metry  



9  
positive 

Interpertation  and report of  pH  metry  
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Interpertation  and report of  pH  metry  

Calculation  of  the  Symptom Index (SI)  

SI is defined as  the  percentage 

of reflux associated symptom 

episodes which considered as 

positive when > 50%, 

representing at least half of the 

symptomatic reflux  caused by 

GERD  

SI  به عنوان درصد  ی از دوره های

عالئم همراه با ریفالکس تعریف شده 

٪باشد، مثبت تلقی 50< است که وقتی

می گردد، حداقل نیمی از ریفالکس 

را نشان می  GERDعالمتی ناشی از 

 .دهد
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Interpertation  and report of  pH  metry  

Calculation  of  the  Symptom Index (SI)  

SI is calculated by the following 

formula:  
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Interpertation  and report of  pH  metry  

Calculation  of  the  Symptom Index (SI)  

SI  index is not able to assess 

the total  number  of  cases of 

reflux in  its  calculation 

Moreover,  there  is a potential 

probability  for false  positive 

correlation  results  with  an 

increase  in  the  number  of 

refluxes and  a reduction  in  the 

number  of  symptoms  

 شاخصSI  قادر به ارزیابی تعداد کل
 موارد ریفالکس در محاسبه آن نیست

 عالوه بر این ، احتمال افزایش نتایج
همبستگی مثبت کاذب با افزایش تعداد 

ریفالکس ها و کاهش تعداد عالئم 
 .وجود دارد

 



9 

Interpertation  and report of  pH  metry  

Calculation  of  the  Symptom Sensitivity Index (SSI)  

SSI is defined as the percentage 

of  reflux  associated  symptom 

episodes  which  considered as 

positive when >10%, 

representing at least total of the 

reflux period caused by GERD  

•SSI  به عنوان درصد ی از دوره

های عالئم همراه با ریفالکس 

٪ 10< تعریف شده است که وقتی

باشد ، مثبت تلقی می شوند ، نشان 

دهنده حداقل کل دوره های  رفالکس 

 GERDناشی از 
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Interpertation  and report of  pH  metry  

Calculation  of  the  Symptom Sensitivity Index (SSI)  

SSI is calculated by the 

following formula:  
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Interpertation  and report of  pH  metry  

Calculation  of  the  Symptom-Association  Probability (SAP)  

Symptom Association Probability(SAP)  

Ghillebert Probability Estimate(GPE) 

Binomial Symptom Index(BSI) 

Gyawali CP, et al. Gut 2018;0:1–1 

 SAP index is currently considered to 

be the best tool for symptom 

association analysis. 

 GPE can be calculated from 

summary data such as :  

 Number of reflux events,  

 Acid exposure time,  

 Study duration,  

 Number of symptom episodes and  

 Number of reflux-related symptom 

episodes 
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Interpertation  and report of  pH  metry  

Calculation  of  the  Symptom-Association  Probability (SAP)  

Symptom Association Probability(SAP)  

Ghillebert Probability Estimate(GPE) 

Binomial Symptom Index(BSI) 

Gyawali CP, et al. Gut 2018;0:1–1 

 SAP index is currently considered to 

be the best tool for symptom 

association analysis. 

 GPE can be calculated from 

summary data such as :  

 Number of reflux events,  

 Acid exposure time,  

 Study duration,  

 Number of symptom episodes and  

 Number of reflux-related symptom 

episodes 
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Interpertation  and report of  pH  metry  

Calculation  of  the  symptom-association  probability (SAP)  

Gyawali CP, et al. Gut 2018;0:1–1 

SAP study is divided into 2-minute 

periods of time in which it is 

determined whether reflux events were 

or were not occurring and symptoms 

were or were not occurring.  

 These data are statistically analyzed to 

determine whether reflux events are 

significantly correlated with symptoms 

or the association is due to chance.  

دقیقه ای تقسیم  2به دو دوره زمانی  SAPمطالعه •
می شود که در آن مشخص می شود که آیا وقایع 

ریفالکس رخ داده اند یا رخ نداده اند و عالئم 
 .وجود داشته یا نبوده اند

این داده ها از نظر آماری مورد بررسی قرار می 
گیرند تا مشخص شود که آیا وقایع ریفالکس با 

عالئم ارتباط معنی داری دارند یا ارتباط این امر 
 .به دلیل شانس است
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Interpertation  and report of  pH  metry  

Calculation  of  the  symptom-association  probability (SAP)  

Weusten et al.Gastroentrology1944;107;1741 

Symptome +                    Symptome - 

Reflux + S+R+ S-R+ R+ 

Reflux - S+R- S-R- R- 

S+) S-) (total) 



 Cutoffs  are usually accepted  by the  most  Proficients for diagnosis 

of  Acid reflux episodes  in  both  catheter-based  pH  impedance  

monitoring (pH- MII) and  Wireless pH montoring(Bravo) :  

Interpertation  and report of  pH  metry  

SI SSI SAP 

Positive predictive values(PPV)  73% 81%   79%,  

Negative predictive values(NPV) 44%  65%   58 

Bredenoord Am J Gastroenterol 2006; 101: 453– 9.  

Acid exposure time(AET) in cutoff ph<4.0   4.2% 

DeMeester(acid) score  14.72(upper limit 95%) 

Sensitivity index(SI)  50% 

Symptom sensitivity index(SSI)  10% 

Symptom association probability(SAP) = 95%( P-value <0.0000) 

Normal value Reflux index 



Interpertation  and report of  pH  metry  

(35%) (5%) 

(33%) (27%) 



Interpertation  and report of  pH  metry  

(35%) (5%) 

(33%) (27%) 

Functional Heartburn 
(FH) 



Case presentation 

Rome IV Diagnostic Criteria for Functional Heartburn 

Criteria fulfilled for the past 3 months with symptom onset 6 months 

before diagnosis and a frequency of at least twice a week 

Must include all the following: 

 Burning or retrosternal discomfort or pain 

 No symptom relief despite optimal anti-secretory therapy 

 Absence of evidence of gastroesophageal reflux (abnormal 

acid exposure and symptom reflux association) or EoE is 

the cause of symptoms 

 Absence of major esophageal motor disorders 

Yeh Lee et al.Gastroenterology 2018;154:2018–21 

AET - 
Symptom + 



Off  Medication ( Off  PPI) 

Normal  

Esophagitis 
EGD 



Case presentation 

Yeh Lee et al.Gastroenterology 2018;154:2018–2021 

Symptome Index(SI)(%) 



AET- 

SAP + 

AET- 

SAP - 

On Medication (On PPI) 



 A 44-year-old woman presents with an 8-year history of 

intermittent heartburn, and in the past year she has been 

experiencing her symptoms daily.  

 She says the heartburn is constant and is worse immediately after 

eating spicy or acidic foods.  

 She says she has had no dysphagia, weight loss, or vomiting.  

 Her symptoms have persisted despite taking a histamine (H)2-

receptor antagonist twice daily plus a proton pump inhibitor (PPI) 

before breakfast and dinner for more than 3 months.  

 She has undergone upper endoscopy 3 times in the past 8 years.  

 Each time, the esophagus was normal with a regular Z-line and 

normal biopsy results from the proximal and distal esophagus.  

 Patient believes she has severe GERD and asks if she is a 

candidate for fundoplication surgery. 

Case presentation 

وی می گوید که آیا وی کاندید عمل جراحی فوندوپلیکاسیون  شدید است و  GERDیمار معتقد است که او مبتال به 

 .است یا خیر



Case presentation 

HRM 

 Normal  Lower  esophageal 

 resting pressure . 

 IRP=13.5mmH. 

 DCI= 2,368 mm Hg.sec.cm 

 Normal contractility patterns 

24-hour wireless esophageal pH testing 
showed  

 Ph greater than 4 (the conventional cutoff 
in esophageal pH testing) for most of the test.  
 During the test, the patient recorded 
experiencing heartburn 67 times (gray 
diamonds) 
 Her esophageal pH was below 4 for just 3 of 
the 67 events.  
 Vertical axis shows the pH from 0 to 8, with 
a midline at 4.  
 Horizontal axis shows a 24-hour period 
from noon to noon. 
AET= 3.2% 
Symptom Index(SI)= 30% 



Case presentation 



Case presentation 



 خــــدا نگهـــــدار


