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24 Hour Esophageal PH Monitoring in Preterm Infants

Jeung-Hyun Park, M.D. and Beom-Soo Park, M.D.

Department of Pediatrics, Chungbuk National University Hospital,
Cheongju, Korea

Purpose: Gastroesophageal reflux (GER) has been found to be the causative factors of apnea,
stridor, feeding intolerance, poor weight gain, and sudden infants death syndrome (SIDS) in infants.
GER is a well-described in infants and children, but only scant mention of the premature infants
with GER can be found in the literature.

Methods: Esophageal pH was measured during 24 hour in 21 healthy preterm infants, using a
silicone microelectrode with an external reference electrode connected to a portable recorder. The
mean age of the patients was 29+8 days, mean gestational age was 302" weeks, mean birth
weight was 1,468+329 g mean postconceptional age was 34 °+1™ weeks and mean weight was
1,750+329 g. We evaluated the following reflux parameters; number of acid reflux, number of
long acid reflux, longest acid reflux minutes, and reflux index.

Results: Pathologic GER was detected in 12 (57%) subjects and most interesting parameters are
reflux index and number of episodes with a pH<4 during 24 hour (high correlation with
postprandial reflux index). Reflux was not correlated to gestational age, birth weight, age,
postconceptional age, weight, sex and medication of the theophylline.

Conclusion: Gastroesophageal reflux is common in preterm infants, but it is usually not apparent,
even with severe reflux. (Korean J Pediatr Gastroenterol Nutr 2001; 4: 133~141)

Key Words: Gastroesophageal reflux, Preterm infants, 24 hour esophageal pH monitoring
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Omari 5%& 7H43 A 3k (chronic lung disease)©]

D vlobEd S F 2-347 B HEe
HEAAE DSl B 2799 AH=AFI
Gerdg wae v gl

2 ATANE BERAS, AAY, 249
Py, v%ol REES 5 olHe) BA} A2
& Ao e 2059 gebEl A 24
A T S NSl A% plobE 9
AR BANE 2 BAYS 4vung o
k.

20001 1€HE 20019 59714 FEUIStwE Y
Aot FA T YAzt A 5FQ W&ot F
AZsA A JE 209S AR S
ob7} 157, oot7t 69 oAtk Hat A H 71THGA:
Gestational age)S 307270, ZAA)9] HF A
T2 1,468+329 g, HAL BAlY H Uo]= 29+
8%, B} % 1}o](Postconceptional age: B} 7]17H+
Z4 3 YohE 34+ 1"Fgon  x
1,750+329 gol ot thd o} 2179 9] m<
159 ol A H 2 & (theophylline)S F 2FaliL
TH(Table 1).

a

A A RE Bohs ABE AU ABH
oz qRARY T4 5L UL AR oy
o ZAE YTk EF ol Hol 94T T
S Be Fo we AR gt

2 g

BE o] ool A HALE A% SEF AA

A2l AFuel gle Qe ARe) pH 24
A}(Zinetics 24 ME Multi-Use External Reference pH
Catheter) S Z 2 Yo % WA el YA %
O Age 2 Jobsel Aot A% XA £A
AH(fluoroscopy)E A3t 748 9 34 HF

o] FRE A2 A (probe)] EF-Ho] $A|stH

Table 1. Demographic Data of the Subjects

No. 21
Sex (M : F) 15:6
Gestational age (weeks) 30"%+2%
Birth weight (g) 1,468+329
Postconceptional age (weeks) 3464+ 17
Age at testing (days) 20+8
Weight at testing (g) 1,468+329
Thephylline medication 14 (61%)
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SHEA T Zokzol Ak 5 cmy) H=H, 14 o)W
o] gorel Aol L83k Stobele] A 2 A o}
o (0252x7]+5 (cm)) 22 AEtY A goE
I AolwrE Wi 11 YAE FelEy] st W gvge] H= 21 9 wgolel tig MAHA )
AMIEG S stglom A 9 3wA HFo F &(Table 2) B FoT AAE AF oAF wet
o g Es Xol 1A o] FAo] ¢ (Table 3) 2 H&ES =2 YR
TS MR FoIE B BRI geis sazeifl sls BRZRI<I0)
ARAG. B4 15 % $4, AH 5L BT
Az FAA AFSAL FH, SR, ol 19 9] ol F 9 (d3%)9] Folol A frojg A
of A9 F 5 A VIEAT AxY i B9 fYEgRSol AT o5 HEAH7
= Esophogram TM Reflux Analysis module® 7]& 7+ 297°+2"°%F HFZAHAFS 12034154 go]
B4 AT Qom A WA HEF AF, Hirjo] ¢ S

AANE AFgshs Y olse hg AT F ol 247 15904256 g, 32+5%, 3471
(&, 299 Foprh g €02 A4S Fol  FAL PA B HLBAL Fohiy W #x)
wjfol A HALE Al EtAh. =99 F 6%(67%)°] A tHTable 3). Fol7l 61,

3. Mo o}7} 3% o] A TH(Table 4).
AR o pH 4 ol Astale] 15 o] T 1o o pathologie) HAREETI R Hol
Z(RI>10)

F AEHE AE 1Y 9F od9iE7 v
AT 2447 Ho+ AZH HEZ number of

acid reflux, number of long acid reflux (5 min),
longest acid reflux minutes, RI (reflux index of total
24 hours)®] 4T}t HE #4134, RI7} 10 ©]3}<]
73% 2 Zh(pathologic) #1441 %= F7F YItkaL sk

02 I A% F9F A4=GFI Uk
a 7546]-9\9\‘1}10’“). 0] 2] Reflux index of the post-
prandial 120 minE st ©& de}r|E e} vl
sto] Bttty aeja o ﬂOF—E— =A4AF, AH
71ZY, AL A9 vol, FHl § o], A, A
2 OHEY Fof oo me} 74z st o

o ME AYELGFA o)zt A i u gk

o] ol F 129 (57%)2] Frofol A F2F
ToRFZFe] AUk o o] B A
31"02"F HAZAAFS 1,666:474 gol Yo

AL BAY Hd AF, Hade] 3 FH &
24z 1,870+336 g, 27+8%, 35°:17F

I AR ZA Heda s Fofwty gl Sale
127 & 8% (67%)°] AATH(Table 3). Hol7t 97, o
o}7} 3 o] QI TH(Table 4).

3. 2t ojejo|e

Z} getul gl gk tigghol 217 HA o B
number of acid reflux 3314293, number of long acid
reflux (5 min) 4.3+4.0, longest acid reflux minutes
16214 min, RI 16.7+16.0°]}3 o]u}el Reflux
index of the postprandial 120 min®] HT2 15.6+
16.3°] 31 H(Table 6).

9 4 2}u)E Fol RI$} number of acid reflux$}
o FBBAZ} i =A Uebd ¥ 0.99), RIS
number of acid reflux, number of long acid reflux (5

min)¢te] FABA = s WA yEgn
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Table 2. Summary of the Patients

Patent Age Bith ~ GA* Wt PCA' + No " . Dist’ ¥ C-Dist®
no. (dass) Wt. (@) (weeks) (g) (weeks) AN 5m° Longest" RI" PPRI* Theo' " Sex em)  (cm)
129 132  29+4 1902 33+5 0 0 0 0 0 No M 138 13
2 28 1086  28+4 1334 32+4 3 0 0 01 01  Yes F 13 125
3 26 1176  29+3 1400 33+1 36 2 6 15 06 Yes M 138 115
4 34 1440  29+2 1506 34+1 67 1 7 28 19 Yes M 155 135
5 34 1140 29 1816 33+6 78 1 11 34 15 Yes M 14 138
6 26 1214  34+2 1656 38 81 11 29 38 36 No F 139 12
7 31 1256  30+6 1576 35¢1 91 1 8 39 49  No F 138 13
8 42 908  27+5 1200 33+6 118 14. 8 51 48 Yes M 145 13
9 3 1250  28+1 1926 33+2 235 4 10 10 95 Yes M 14 13

10 13 2480  33+2 2366 35¢1 290 5 19 133 17.1 No M 138 125

11 25 2458 3443 2348 38 314 0 1 135 117  No M 146 135

12 32 1241 30 1488 34+4 305 5 8 141 118  Yes F 137 125

13 30 1640 30 1888 342 326 0 4 152 144  No M 135 125

14 36 1000 28 1222 332 329 6 46 161 138  Yes F 156 145

15 24 1850 32 2070 353 379 9 46 188 14 Yes M 16 145

16 21 1910  31+1 1962 34+1 477 4 14 22 285 Yes M 144 135

17 28 1318  33+3 2016 37+3 581 9 32 293 30 No M 147 135

18 26 1336  29+4 1582 33+2 602 3 34 306 336 Yes M 145 115

19 46 1354  28+4 1964 35¢1 792 8 27 438 389 Yes M 142 13

20 19 1970  31+1 1878 33+6 821 2 18 449 222 Yes M 142 125

21 21 1440  31+6 1660 34+6 1035 6 10 594 659  Yes F 144 135

= Gestational age, " Postconceptional age, ¥ Number of acid reflux, 8 Number of long acid reflux (5 min),
*%: Reflux index of the postprandial 120 min, M Theophylline, .

longest acid reflux minutes, T Reflux index,

calculated distance of the probe by Stobel’'s formula, % corrected distance of the probe by radiography

Table 3. Group Differentiation According to GER

Table 4. Relationship of Sex to GER

GER () GER (+) Sex Male Female
No. 9 (43%) 12 (57%) GER (-) 6 (40%) 3 (50%)
Sex (M : F) 6:3 9:3 GER (+) 9 (60%) 3 (50%)
Gestational age (weeks) 295100 31t
Birth weight (g) 1203+154 1,666+474 Total 15 6
Postconceptional age (weeks) 347%+1 35041 0676
Age at testing (days) 3245 2748 P value=u.
\F/‘\/Nelght at testing (g) 1'5;%0;72056 1582710;55’3: Table 5. Relationship of Theophylline to GER
No 5m 38452 48+30 Theophyliine No thephyliine
Longest 8.8+8.5 21.6+15.0
RI 3.4£3.0 26.8£15.0 No. 14 7
PPRI 3%3 25216 No. of GER 8 (67%) 4 (57%)
Thephylline medication 6 (67%) 8 (67%)

p value=1.000
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Table 6. Reflux Parameters of the Preterm Infants

RN No 5m Longest RI
Mean 331 43 16 16.7
SD 293 4.0 14 16.0

Table 7. Correlation Coefficients. Among the Four
Parameters Studied

RN No 5m Longest Rl
RN 1 0.22 0.36 0.99
No 5 m 0.22 1 0.55 0.21
Longest 0.36 0.55 1 0.34
Rl 0.99 0.21 0.34

Correlation coefficient: nonparametric test. A coefficient
of 1 indicates that data are identical

Rl and PPR

1 3 5 7 9 1 13 15 17 19 21
No. of patients

Fig. 1. Reflux index (RI) and reflux index of the post-
prandial 120 min (PPRI).

(Table 7).
I RI9} Reflux index of the postprandial 120 min
ofo] F#IBA= 0942 =4 JEFSTH(Fig. D).

4. ZMAZ, REf7|Z, AL SAlQ '—+0I
Ef & o], AS, 42 H H<2Z 20 EEP
ANEATS

g dstolSe] ol 71 AE 7|z Be AF(E

AT, AAF A A, AL HAF B el

Table 8. Relationship of Gestational Age (GA) to GER

GA (weeks) No. GER (+} RN No 5 m Longest Rl

<30 12 5 (42%) 241 3.7 134 119

>30 9 7 (78%) 452 52 19.7 232
p value=0.098

Table 9. Relationship of Birth Weight to GER
Birth GER No
weight (@ No. ) RN 5m Longest Rl
<1500 15 6 (40%) 290 47 157 149
>1500 6 6 (100%) 434 33 17 21.3
p value=0.012

Table 10. Relationship of Age at Testing to GER

Age GER No

(days) No. ) RN 5m Longest RI
<28 11 8 (73%) 420 46 19 21.6
>28 10 4 (40%) 234 4 129 114
p value=0.130

Table 11. Relationship of Postconceptional Age (PCA)
to GER

PCA GER No
(weeks) (+) AN 5m Longest R
P2<<34 9 3(@B3%) 250 36 148 124
MU<<36 9 7 (78%) 418 43 159 215
>36 3 2(67% 35 67 20.7 155
p value=0.153
HeBA Rokste oM JWACE £ 9
A fzol 9es BAw 58 F ol 4
o BHE Holt Qe AOE BIAW oF ¥
N BAAA FAALS AATHp >0.05)(Table 4,
5, 8~12)
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Table 12. Relationship of Eight at Testing to GER

GA GER No

(weeks) 0. ) RN 5m Longest Rl
<1700 10 4 (40%) 334 43 175 176
>1700 11 8(713%) 329 44 148 159
p value=0.130
18
16
14 M
12
£ 10
o 8-
6 —— Calculated distance (cm)
4 —=a— Corrected distance (cm)
2_
0 T 1T T T T 17T 17T 717717 T T 11

3 5 7 9 11 13 15 17 19 21
No. of patients

Fig. 2. Distance of the electrode.

Strobel®] F241(0.252x7] +5 (cm)el 9§ Zo]
W Sotol A AP & WAMAEYG S AdEHY
A3 dolgs A A9 Hit +1.3%0.6 (02~
3) em9] zpolE Ho AR ot ol A
Zolrth v ZAAth(Fig. 2). o] Aol A=A F
o} frog AHBAE A THp >0.05).
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Holo] & 4 A, agEE 274 Ade &
3l ASE StH olYd AFHE =Y F JdoH
ojAS XHole vES o83 AExYs,
A=A} 2AAA, 9 AE 2, AR
2447 = FA o] Qi o] FAME R
47 A% ARl b A RF o 4
A AT g o]y SR 2447

= AAE G 1 712S BASEEE 44,
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3 919 wEol =3 A9 BFe] AT U Aoh B BAY 9% AR5 o] Go]

U g3 AR o]2A o] WS -2l ngo}
g oA 0252x7] +3.7(cm)E HEF st AL F+ 2
A Ak AR AAelr] o] F 1A PRl Fojol =
o  o]#d Fo] HE&E F A UM ¢

ol
A Aol AT oo O]QJ-(TLESR)O] A
Q)
=

ehdo] BEA AP ER AE BEE

R

He A% 5 A% A gate] Bl A7 Baso
H7) AR e lgoke] ASE AF R B 979 A% 1 oyl ARHo 7
1% Foke A4 7k w wokah of 27

o F 45 AQAD vgolse] 29 AW S 9
ARA AR Bt FAse] A5ES 44w ANEGRY WEs b Eom 24AF,
A A, AR, BA gAY e, Sl F o), AF
77148 nEdtel BH vlgotel A f14ke o % 4, 608 ool
Fol gatel UEhe QAEGRE 2AAFRG AfozE A%

B

B AF a2 NEs Fh8le] A% 4F Ae A3 0= goFdL JAEYGFY NS S/
s FARE 1 W=rh A fAE Aozt 1 €A el B dAFAe & ARAAV
=g £ AT 2gH B AFoMe A5 28 e AeE YA 9x EAZQ foHe
UL 7|Fo 2 EFAT BAA 945 4 iy
Ae EPAT A 28U o] Fof HFA oM a8y o B2 $ols gide g At o]
o A=A/ 2ol vedS ZAth Aok A, U2 BE7) ¢tolA Enlz F¢

o] ATl A Aate] AAE qi‘m}ﬂ e A AAA BABE B3 FHE St AuddM A
o] 439 HIAEE Folvd /M T 848 AE Aol HUL, Y Folse] Y Fof
3lAl=dl Strobel®] F41(0.252x7] +5(cm)), ¢E 2O FAYAT Lo A7} WstEte] 4F
Al (manometry), X4 FA|AAKfluoroscopy), WAI7H = A Ao J3FS vHA 2y st A=
(endoscopy) 59 o2 7A] WHoz 1 XS HYHE 5 S AT A A4S AEY
A3HA AV, Strobele] AL 14 o]ste] o} A= Aol tolrt YA @7t e JES Al
A AAe WHolARE 1 o] Xolde 3t 7 & AUtk
ATk Y Jhrto] YR|EHA Ho] FF ol Tl gl AAEIFITS UFE A
dste] & WS 24 "ok b A (manometry) A Ql Aoz 5EI A8 Qlo] AFAS Hal
= F57180] Jde Aed AAE Fed £ AHAAE AWM AAH sASE AP Jo
WHolAT 54 7]F7F lojok st MEA A4 EE JPFAQA AEE PT Fae gl o=
o] a7sw ©He] Atk XA FAAAE B AlsdETh 28y ofolrt AFSIEA HHEAQd §
HEe g BEEo] 2Ry Eo] o7l AA HH, 4FFEZ To] dH Yehd 4 )
ol Tgel whet A 9] 3HA HFo 5% 1 53] vsol A sFATTT ©E 7
o 1 & AAAIIIM, AF o2 RUA 3t BAAHOFYFTS AL F Jor2 H7H
7] Wl g o] k. wgole] Afolle  FHARS a3t AT
et 71Fo] glo] B AFodEe 14 ©]ste] 9
ofo A} AME-E= WSl Strobel®] F2S o] &3 e ot
I AN E Y S Tt 1 FEs 9 E A
A} Strobel?] F2o] o3t Ao|7} AA Zojrth AA=GFe dotsd Aol E3A Utk
At 13 eom AE A% o] Aol wgopel v dHA Y3 53] wKolEoA ¢ &3] vt
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LelA YA obF ol I AFE FHaho,

2 d%aA Aeka e FgobEelil 914
=9fe) Fv 7bg dnsttn ded e 2
AlZE A= pH AAFE Foto] 2 Hle 3 A3 <l
A5z s

Y 5ol S jlol AAsAl At Sle v
Sob 2198 (ET MBIz 30+42+0F, XA
Hit ASE 1,468+320 g, HAF FAl2 H o]
+ 29+8%, 4] ¥ 1}o](Postconceptional age: Al
2l T Yo 34+6:1+4F, AT
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uel 22 Yo a2 ATE A=A 94171
T AYE AT 24417 ¢ A= pH HALE
Al a3k

Z ok vl 7FA 2P E (number of acid reflux,
number of long acid reflux (5 min), longest acid re-
flux minutes, RD)E A|AISFHT A t)dFole]
57%4 93 AAEAF A5 BT 9
A= 9 F 9 number of acid reflux, RI¢] & Ig}n
H7F SAASE gule FAAAE EioH
o] & ugtv]E 9} Reflux index of the postprandial
120 minZtol = |3l HH#AATE dS5S & F
AT A=A {7 Ae ﬂo}—éi =4 AZ, A
B 71ZE, A A1 vel, FE & Yol AlF, A
H 2 g 22 (theophylline) FF o Foj ule} 7t
Z} sk 1zl }\LJ%—};]—}%J-— 2T SAA
o Z o= AU 2229 ATE Stobeld
2o gk Aglet AA|Zo] Atoldl zte]7} g)o]

T8¢ vwsgote] Afde 0252x7] 437 (cm)E
1“1*171 T Ao

2 9 g AR vGobEA gloiA]

E PA
) JZ%, e @ QE@%H 51%9 =& =
2 UERI, AAEARSY Ade] A T

92} W E| & number of acid reﬂux, RI¢} Reflux in-
dex of the postprandial 120 minZ e} A A
=, A=ZIZE, A GA1Y dol, 8 & o], A

%tﬂ /Htﬂ E]]Oj—]a Eolzoq,\?_ ‘:J,]_H/\H:oﬂ 9,}_

of
)
)
o
fru
Ho
1o
oXx
o
gQ
2
£
b
o
=
-
o
1o,

8 B ARG nsolSoA HLE
A A2 Y7t 0252x7]+37(cm)ZE e

il

-

MO
o

1) Marino AJ, Assing E, Carbone MT, Hiatt IM, Hegyi
T, Graff M. The incidence of Gastroesophageal
Reflux in Preterm infants. J Perinatol 1995;15:369-
71.

2) Hrabovsky EE, Mullett MD. Gastroesophageal reflux
and the preterm infants. Pediatrics Surg 1986;21:
583-7.

3) Newell SJ, Booth IW, Morgan MEI, Durbin GM,
McNeish AS. Gastroesophageal reflux in preterm
infants. Arch Dis Child 1989;64:780-6.

4) Vandelplas Y, Loeb H. The interpretation of oeso-
phageal pH monitoring data. Eur J Pediatr 1990;149:
598-602.

5) James ME, Ewer AK. Acid oro-esophageal secretions
can predict gastro-esophageal reflux in preterm in-
fants. Eur J Pediatr 1999;158:371-4.

6) Omari T, Banumber of acid refluxett C, Snel A, Da-
vidson G, Haslam R, Bakewell M, Dent J. Mechanism
of gastroesophageal reflux in premature infants with
chronic lung disease. J Pediatr Surg 1999;34:1795-8.

7) Staiano A, Clouse RE. Value of subject height in
predicting lower esophageal sphincter location. Arch
Dis Child 1991;145:1424-7.

8) Working Group of the ESPGAN. A standardized pro-
tocol; for the methodology of esophageal pH mon-
itoring and interpretation of the data for the diagnosis
of gastroesophageal reflux. J Pediatr Gastroenterol
Nutr 1992;14:467-71.

9) Sondheimer JM, Haase GM. Simultaneous pH recor-
dings from multiple esophageal sites in children with
and without distal gastroesophageal reflux. J Pediatr
Gastroenterol Nutr 1988;7:46-51.

10) Bagucka B, Badriul H, Vandemaele K, Troch E,
Vandenplas Y. Normal ranges of continuous pH mo-
nitoring in the proximal esophagus. J Pediatr Gastro-
enterol Nutr 2000;31:244-7.

11) Khalaf MN, Porat R, Brodsky AL, Bhandari V. Cli-



(=]

rel

- 8PS OIS 0L0IAM 2 244128 AlE PH 2 AL - 141

nical correlations in infants in the neonatal intensive
care unit with varying severity of gastroesophageal
reflux. J Pediatr Gastroenterol Nutr 2001;32:45-9.

12) Snel A, Banumber of acid refluxett CP, Cresp TL,
Haslam RR, Davidson GP, Malbert CH, et al.
Behavior and gastroesophageal reflux in the premature
neonate. J Pediatr Gastroenterol Nutr 2000;30:18-21.

13) Ferlauto JJ, Walker MW, Martin MS. Clinically sig-
nificant gastroesophageal Reflux in the At-Risk Pre-
mature neonate: Relation to cognitive scores, Days in
the NICU, and Total Hospital Charges. J Perinatol
1998;18:455-9.

14) Frakaloss G, Burke G, Sanders MR. Impact of gas-
troesophageal reflux on growth and hospital stay in
premature infants. J Pediatr Gastroenterol Nutr 1998;
26:146-50.

15) Vandenplas Y, Goyvaerts H, Helven R, Sacre L.
Gastroesophageal Reflux, as measured By 24-Hour
pH Monitoring, in 509 Healthy infants Screened for
Risk of Sudden infants Death Syndrome. Pediatrics
1991;88:834-40.

16) Vandelplas Y, Smits LS. Continuous 24-hour eso-
phageal pH monitoring in 285 asymptomatic infants
0~ 15 months old. J Pediatr Gastroenterol Nutr 1987,
6:220-4.

17) Andze GO, Brandt ML, Vil DS, Bensoussan AL,
Blanchard H. Diagnosis and treatment of gastroeso-

phageal reflux in 500 children with respiratory
symptoms: The value of pH monitoring. J Pediatr
Surg 1991;26:295-300.

18) Sondheimer JM. Continuous monitoring of distal eso-
phageal pH: A diagnostic test for gastroesophageal
reflux in infants. Pediatrics 1980;96:804-7.

19) Tappin DM, King C, Paton JY. Lower esophageal pH
monitoring-a useful clinical tool. Arch Dis Child
1992;67:146-8.

20) Cucchiara S, Staiano A, Casali G, Bocicieri A, Paone
FM. Value of the 24 hour intraesophageal pH moni-
toring in children. Gut 1990;31:129-33.

21) Omari TI, Bamnett C, Snel A, Goldsworthy W, Haslam
R, Davidson G. Mechanism of gastroesophageal re-
flux in healthy premature infants. Pediatrics 1998;133:
650-4.

22) Omari TI, Miki K, Fraser R, Davidson G, Haslam R,
Goldsworthy W, et al. Esophageal body and lower
esophageal sphincter function in healthy premature
infants. Gastroenterology 1995;109:1757-64.

23) Sindel BD, Winkunbourne B. Neonatal apnea case-
book. Mechanism of gastroesophageal reflux in heal-
thy Premature infants. Pediatrics 1998;133:650-4.

24) Hyman PE, Clarke DD, Everette SL, Sonne B, Ste-
wart D, Harada T, et al. Gastric acid secretory
function in preterm infants. Pediatrics 1985; 106:467-
71.




