CHAPTER IV

RESULT AND DISCUSSION

1. Theophylline Therapeutic Drug Monitoring

Thirty three preterm infants admitted at Queen Sirikit National Institute of Child Health and met the
critena were studied. Table 3 showed the patients demographic data., ie., sex, gestation age, apgar score,
indication for theophylline treatment, age and weight at the beginning of theophylline treatment and the major
diagnosis during theophylline therapy.

Aminophylline which was theophylline salt was used for intravenous administration. Aminophylline
dosage regimen used in this study was the traditional dosage regimen used at Queen Sirikit National Institute
of Child Hedth. Table 4 showed aminophylline dosage regimen, theophylline serum concentration after
loading dose and during steady state of all patients and factors that effected theophylline pharmacokinetics.
Mean aminophylline loading dose was 5.63 = 0.86 mg/kg and mean aminophylline maintenance dose was
301 + 116 mg/kg/day. Theophylline serum concentrations were determined at 6* and 12thhour after loading
dose and during steady state. The two non-steady state theophylline serum concentrations were used to
predict for the serum concentration during steady state. The maintenance dose of some patients might
required adjustment if the predicted steady state theophylline serum concentration was subtherapetic level
with inadequate clinical response or the predicted steady state theophylline serum concentration was
overtherapeutic level. However, the adjustment of aminophylline maintenance dose was based on the final
decision of the physician.  this study, the first theophylline serum concentration was obtained at 6.02 + 1.38
hours and the second concentration was obtained at 12.27 + 0.74 hours after the initiation of aminophylline
treatment. The mean time between the first and the second theaphylline serum concentration was 6.24 + 1.67
hours. The third theophylline serum concentration was obtained at trough during steady state.

The maintenance dose of eight patients (24.24%) were adjusted before the steady state serum
concentrations were determined, because the predicted steady state theophylline serum concentrations were
subtherapedutic level and clinical response was inadequate in 5 patients and the predicted steady state
theaphylline serum concentrations were overtherapeutic level in 3 patients. One of the 3 patients whose
predicted theophylline serum concentration were overtherapeutic level showed rapid heart rate during the
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third day after starting the traditional maintenance dose. The heart rate in this patient was decreased to
normel when the maintenance dose was adjusted (Table 5).

Table 6 showed percentage of the patients whose theophylline serum concentration after loading
dose and during steady state were within, under or over therapeutic range. The data obtained indicated that
the traditional aminophylline dosage regimen used at Queen Sinkit National Institute of Child Health resulted in
theophylline senjm concentrations which were lower than the recommended therapeutic range in most
patients either after loading dose or after maintenance dose when steady state was reached.

At 6 hours after traditional loading dose, 66.67% of the patients had their theophylline serum
concentrations in subtherapeutic level and increased to 69.70% at 12 hours after loading dose before initiation
of the maintenance dose. Appropriate loading dose should resulted in theophylline serum concentration
which was within the therapeutic level until the maintenance dose was given, that is theophylline serum
concentration should be maintained to equal to or more than 6 mcg/ml before starting the maintenance dose.
The result obtained from the step-wise multiple regression analysis revealed the correlation between postnatal
age (PNA), the loading dose and theophylline serum concentration at 12* hour after loading dose to be as
follow :

coz = 111D —0.69PNA - 0.84 1(r =0.65 1p = 0.001)

CLOR was theophylline serum concentration at 12t hour after loading dose (meg/ml) 1 LD was
aminophylline loading dose (mgkg) , PNAwas age of the patient at the beginning of theophylline therapy
(weeks). If the target theophylline serum concentration at 12thhour was 6 mecg/ml, the aminophylline loading
dose could be suggested in correspond with PNA as :

LD 6.16 + 0.62PNA

. The age of most preterm infants with apnea who used the drug was during the first 2 weeks after
birth. The recommended aminophylline loading dose should be about 6.5 mg/kg for patients used the drug
during the first week of life (the PNA was taken as 0.5 week) and about 7.0 mg/kg for the patients used the
drug during the second week of life (the PNA was taken as 15 weeks). This recommended aminophylline
loading dose was closed to the loading dose recommended by Aranda et d (1976) which studied in the
apneic premature newborns 3to 15 days of age. The aminophylline loading dose recommended by Aranda
et d was 6.9 mg/kg in order to give peak theophylline serum concentration approximately 8 mcg/mi.
clinical practice, the maintenance dose usually is given 8 to 12 hours after the loading dose, if this
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recommended aminophylline maintenance dose is given 8 hours after the loading dose, the theophylline
serum concentration before starting the maintenance dose will be approximately 6.5 mcg/ml.  However, the
loading dose should be adjusted when the patients have factors that could affect on theophylline
pharmacokinetics, such as, severe hirth asphysia or the patients received continuous furosemide before the
loading dose was given. These factors might lead to higher theophylline serum concentration, resulted in
acute adverse reaction in the patients when the loading dose was not adjusted.

The aminophylline maintenance dose used in preterm infants at Queen Sirikit Nation Institute of Child
Health was within the dose range recommended by FDA (Gllman and Gal, 1986) and Aranda et a (1992).
However, the mean maintenance dose used in this study was at the low end of the range (Aminophylline 301
mg/kg/day : Theophylline base 241 mg/kg/day). Theophylline serum concentration of 66.67% of the patients
was in the subtherapeutic range, 27.27% was within therapeutic range and 6.06% was overtherapeutic range
when the steady state was reached. The correlation between the trough steady state theophylline serum
concentration , age at the beginning of theophylline treatment and aminophylline maintenance dose was as
equation :

Ct=149MD - 1.36PNA +2.79 1(r =058 1p = 0001 )

Ctwas the trough steady state theophylline serum concentration (mcg/ml) 1MD was aminophylline
maintenance dose (mg/kg/day), PNAwas age at the beginning of theophylline treatment (weeks).

If the target level during steady state was kept at 8 mcg/ml, the maintenance dose could be
calculated based on postnatal age of the patient to produce this target level by the equation :

Maintenance dose (mg/kg/day) = 3.50 + (0.91xPNA in wks)

Several studies have evaluated theophylline pharmacokinetics in preterm infants with apnea and
published the equation for calculating the maintenance dose of theophylline to produce the target steady state
serum concentration of approximately 8 meg/ml.

Hendeles equation have been evaluated along with the equations suggested by Nassif et d and
Hatzopoulos et d in the year of 1993 by Hogue and Phelps and they concluded that Hendeles equation was
preferred for treatment of apnea and bradycardia in the preterm infants. However, Bhait-Mehta et d
published their equation based on gestation age and postnatal age in the year of 1995. They evaluated their
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equation in prospective study and found that their equation resulted in the steady state serum concentrations
which were within the target level in 74% of the patients (Bhatt-Mehta et al, 1996).

The published equations together with the recommended equation of this study were used to
determine the recommended maintenance dose for each patients. The predicted steady state theophylline
serum concentration was then calculated for each patient based on the observed theophylline clearance
dunng steady state and using equation 6. The published equations evaluated were as follow :

1 FDA : Preterminfants 40 weeks postconception age (PCA) or younger
Maintenance dose (mg/kg/day) = 2.5

2. Hendeles equation (Hendeles et al, 1986) :
Maintenance dose (mg/kg/day) = (0.2xPNA inwks) +5

3 Bhatt-Mehta equation (Bhatt-Mehta et a, 1995) :
Cestation age 27 - 30 weeks
Maintenance dose (mg/kg/day) = 581 - (0.02xPNA in wks)
Gestation age 31-34 weeks
Maintenance dose (mg/kg/day) = 4.82 + (0.28xPNA inwks)

** Maintenance dose : Aminophylline base

Table 7 showed the baseline data of the patient, the maintenance dose recommended by each
equations and their corresponding predicted steady state theophylline serum concentration, table 8 showed
percentage of the predicted steady state theophylline serum concentration corresponded to the maintenance
dose recommended by different equations which was within subtherapeutic, therapeutic and overtherapeutic
range and figure 2 showed scatterplot of calculated theophylline serum concentration versus aminophylline
recommended dose for FDA, Hendeles, Bhatt-Mehta and new equations.

The results obtained demonstrated that the maintenance dose recommended by FDA produced the
predicted steady state serum concentration which was subtherapeutic in most patients (63.16%) while the
maintenance dose recommended by Hendeles and Bhatt-Mehta resulted in predicted steady state
theophylline concentration which was higher than 6 meg/ml in most patients. However, approximately 40% of
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the predicted steady state theophylline serum concentration resulted from Hendeles and Bhatt-Mehta
equations was higher than the recommended therapeutic range. For the recommended equation from this
study, 57.90% of the predicted steady state theophylline serum concentration was in the therapeutic range,

approximately 20% of the predicted steady state theophylline serum concentration was subtherpeutic and

approximately 20% of the predicted steady state theophylline serum concentration was higher than

therapeutic range. Among the different equations, the recommended equation from this study wes the best

equation for calculating the optimal theophylline maintenance dose used in Thai preterm infants with apnea or

bradycardia.  Hendeles and Bhatt-Mehta equation might be the better equations for the infant with

brochopulmonary dysplasia (BPD) or asthma who needs higher therapeutic range (10-20 mcg/ml). Fom
this study, approximately 80% of the predicted steady state theophylline serum concentration resulted from

the maintenance dose recommended by Hendeles and Bhatt-Mehta was within 6-20 meg/ml.  However, the

reason might due in part to the source of data used which was taken from our study that our equation was

preferred when compared to other published equations. Consequently, this equation should be evaluated in

prospective study and should be performed in the larger group of patients. Nevertheless, in clinical practice,

the recommended theophylline maintenance dose (aminophylline base) from our study should be about 4.0

mg/kg/day for the patients received the drug during the first week of life (the PNAwas taken as 0.5 week) and

about 4.75 mg/kg/day for the patients received the drug during the second week of life (the PNAwas taken as

15 weeks). Forthe patients who are older than 2 weeks of age, the recommended maintenance dose should
be 2 mg/kg every 8 hours. However, theophylline serum concentration monitoring combined with clinical

response monitoring should be performed for appropriate treatment in the patients.



Table 3 : Patients Demographic Data

no. sex GA apgar Score Indication for Age(d Weightll. ~ Major diagnosis during theophylline
(weeks) Tmin 5mn Theophylline (days) © therapy

1 Fermdle 3 4 7 Apnea 2 1,460 RDS, Hyperhilirubinemia, Pneunonia

2 Fermele 3 6 10 Apnea 2 1,560 Hyperbilirubinemia, NEC, Polycythemia

3 Fermele 30 9 10 Apnea 3 1,310 Hyperbilirubinemia, Pneumonia, NEC

4 Mele 29 9 10 Adjunct to wean 7 1,200 RDS, Hyperhbilirubinemia, Pneurmonia

5 Fermele A 8 10 Apnea 27 1,500 Hyperbilirubinemia, Pneurmonia, Diarthea

6 Femele A 8 10 Apnea 6 1,630 RDS, Hyperhilirubiemia, A bleeding RO

NEC, RUL atelectasis

7 Fenmdle 3 6 9 Apnea 4 1,160 RDS, Hyperhilirubinemia, Pneumonia,
IVH grade |
8 Fermele 3 8 9 Apnea 3 1,540 RDOS, Hyperhbilirubinemia, AO NEC

9 Mele 32 9 10 Apnea 3 1,620 RDS, Hyperbilirubinemia, AOP
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no. Sex
10 Male
n Femele
V3 Femele
13 Mele
14 Femele
15 Mele
16 Mele
17 Mele
18 Mele
19 Femele

GA

(weeks)

30 (S&A)

B 8 8 B B

8

apgar score
1mn 5mn
**BBA -
4 9
5 6
9 10
6 10
9 10
10 10
6 9
9 10
1 3

Indication for
Theophylline
Apnea
Adjunct to wean
Apnea
Adjunct to wean
Apnea
Apnea
Apnea

Adjunct to wean

Apnea

Adjunct to wean

1200

1,600

1450

1,400

1350

1,780

975

1450

1,040

Major diagnosis during theophylline
therapy

RDS, Hyperhilirubinemia, AOP

RDS, Hyperhilirubinemia, AOP

RDS, Hyperbilirubinemia, AOP

RDS Pneumonia, RLL atelectasis
RDS, AOP

RDS, Pyoderma

Hyperbilirubinemia, Fepatosplenomegaly
RIO congenital infection

RDS, Ryperhilirubinemia, Pneumonia
Sepsis, RO NEC, MH

RDS, Hyperbilirubinemia, PDA
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no.

(weeks)

B 8 8 B

D EA

¥

8 8 8

apgar score

1mn 5mn
4 5
9 10
0 7
6 8
3 4
9 10
8 10
9 10
9 10
9 10
9 10

Indication for
Theophylline
Adjunct to wean
Adjunct to wean
Adjunct to wean
Adjunct to wean
Adjunct to wean
Adjunct to wean
Apnea
Adjunct to wean
Adjunct to wean
Apnea
Apnea

Agell

(days)

Weight(QL

©

2,000

1,720

1,090

1,750
1,430
2,000
1,650

1,520

Major diagnosis during theophylline
therapy

RDS, Hyperhilirubinemia

RDS, Hyperbilirubinemia

RDS, Brain death

RDS, Hyperhilirubinemia, Polycythemia
RDS, Hyperbilirubinemia

RDS, Hyperhilirubinemia, Pneurmonia
RCS, ACOP

Hyperbilirubinemia, Sepsis with minigitis
RDS, Hyperhilirubinemia
Hyperhilirubinemia, AOP

RDS, Hyperbilirubinemia, AOP
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no. sex
3 Mdle
32 Fenudle
33 Fenudle

X+SD Male=17

Female=16

range

(weeks)

R2(S:A)
R

31.27 +2.04

27-34

apgar score
1mn Smn
7 9
9 10
9 10
7.06 & 8.91 * 1.92*
2.58
0- 10 3-10

At the beginning of theophylline therapy
GA = Gestation age (weeks) 1 SGA = Sall gestation age
*BBA : Bom before arrival

¢ - 32 ,

1 case was not knoan apgar score.

Indication for
Theophylline
Adjunct towean

Adjunct towean

Apnea

Apnea = 18

Adjunct to wean : 15

Age()

(ays)

5.58 +4.84

Weight(L
@
1,800
380
1,590

1,411.67
315.10

800-2,000

Major diagnosis during theophylline
therapy

RDS, Hyperhilirubinemia

RDS, Hyperbilirubinemia

Hyperbilirubinemia, Septicemia



Table 4 : The data of theophylline serum concentrations in all patients

Theophylline serum cone, after loading dose

R no  Loading dose (mcg/ml) Maintenance dose Theophylline serum cone, Factors that affected on theophylline
(mg/kg) 6thhour 12hhour (mg/kg/day) during steady stateO(mcg/ml)  pharmacokinetics

14 4.79 4.06 329 ® 192 -

(2211 455 ]
2a 5.13 5.56 428 @ 192 - -

(2)2.12 7.44 -
3a 621 6.80 6.07 244 4.05 -
4b 521 5.09 421 2.08 4.60 -
5a 6.00 4.13 304 (14.00 - -

(2 6.00 5.28 -

6a 6.13 5.80 5.15 245 5.36 -
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Theophylline serum cone, after loading dose

R no  Loading dose (mcg/ml) Maintenance dose
(mg/kg) 6hhour 12hhour (mg/kg/day)

73 5.17 376 326 (1)3.45
(2)5.17
8a 454 5.82 5.05 (1)5.84
2 390
%9a 6.48 553 49 (1)2.47
2 3.09
Oa 533 4.37 380 (1)4.92
328

11b 6.25 857 7.49 250

Theophylline serum cone,
during steady statec (mcg/m)
(1)4.15

(2) 589

1045

443

15.64
6.61

4.80

Factors that affected on theophylline

Pharmacokinetics
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Theophylline serum cone, after loading dose

R no  Loading dose (mcg/mi) Maintenance dose Theophylline serum cone, Factors that affected on theophylline
(mg/kg) 6thhour 12thhour (mg/kg/day) during steady statec(mcg/ml)  pharmacokinetics
12a 5.00 5% 4.98 250 379 -
13p 297 247 217 241 6.31 Acidosis?
14a 6.43 593 552 250 822 -
152 6.22 7.10 681 (1)3.33 - -
@ 193 - -
(B)L11 357 -
16a 6.18 6.30 530 225 281 -

1 6.15 540 521 4.10 4.26 -
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Theaphylline serum cone, after loading dose

R.no  Loading dose (mcg/mi) Maintenance dose Theophylline serum cone, Factors that affected on theophylline
(mg/kg) 6thhour 12hhour (mg/kg/day) during steady statec(mcg/ml)  Pharmacokinetics
18a 6.21 5.86 4.92 2.76 183 -
1% 385 10.07 892 192 5.08 severe hirth asphyxial
200¢ 6.32 5.78 5.44 1421 - -
(22.10 8.07 -
21b 6.25 557 419 3.00 355 Lasix2
22 654 11.89 1030 250 601 severe birth asphyxial
23b 6.25 7.52 6.17 250 597 -

24b 6.24 12.25 1145 183 5.76 lasix, severe birth asphyxial
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Theophylline serum cone, after loading dose

R no  Loading dose (mcg/ml) Maintenance dose Theophylline serum cone, Factors that affected on theophylline
(mg/kg) 6thhour 12thhour (mg/kg/day) during steady statec(mcg/ml)  Pharmacokinetics
25k 521 3.26 272 (1)2.08 - -
(2 4.69 16.20 acidosis2
(3)3.12 382 ]
26a 514 3HA 349 229 533 -
27b 559 4.23 347 210 557 -
28b 6.25 6.95 6.14 250 5.67 -
29a 6.06 49 4.34 242 8.16 -
30a 592 1131 841 395 8.86 -

31b 611 5.53 4.63 222 543 -
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Theaphylline serum cone, after loading dose

R no  Loading dose (meg/mi) Maintenance dose
(mg/kg) 6thhour 12thhour (mg/kg/day)
32 5.68 8.39 7.32 (1)3.41
) 5.20
) 450
33 393 428 378 (1) 158
2 392
3 3 3 48
X * 5.63 +0.86 6.19 £2.39 5.34 £2.13 3.01 + 1.16

range 2.97-6.54 2.47-12.25 2.17-11.45 111 -6.00

Theophylline serum cone,
during steady statec(mecg/mi)
504
12.02

10.70

6.25
3B

6.36 =+ 3.14

1.88-16.20

Factors that affected on theophylline

Pharmacokinetics



Loading dose and maintenance dose were aminophylline form which could converse to theophylling base by multiply the dose of aminophylling with factor 0.8,

*  The patients whose maintenance dose were adjusted before theophylline serum concentration during steady state was obtained.

The patients who used theophylline for apnea

b The patients who used theophylline as an adjuvant to weaning

The trough concentrations
1 Factor occurred during non-steady state serum concentrations.

2 Factor occurred during steady state serum concentrations.



Table 5 : The patients whose aminophylline maintenance doses were adjusted before the steady state
theophylline serum concentrations were obtained, the traditional and the recommended
maintenance doses and their corresponding predicted and observed theophylline serum
concentration during steady state

R No. Traditional MD. Predicted 1* Recommended Predicted 2* Observed value

(mg/kg/day) (meg/m) MD. (mgkg/day) (mog/mi) (mog/m)
7 192 356 211 413 4555
2a 192 364 212 4.28 744
5a 4.00 221 6.00 371 5.28
8a 5.84 12.97 390 8.65 1045
158 333 2343 i1 6.18 357
20b 421 1545 210 840 8.07
25 2.08 179 4.69 4.25 1620
A 158 344 392 6.88 6.25

VD : Maintenance dose
aPatients used theophylline for apnea.

b Peatients used theophylline as an adjuvant to weaning.
Predicted 1 : The predicted theophylline serum concentrations corresponded to the traditional
maintenance dose.
Predicted 2 : The predicted theophylline serum concentrations corresponded to the
recommended maintenance dose.
* predicted steady state theophylline serum concentration based on the non-steady state, individual
pharmacokinetic parameters. Equations used were equation 1,2,3.2, and 5.2
The maintenance dose of pt.no. 1, 2, 5, 25, and 33 was adjusted because the predicted steady state
theophylline serum concentration was at subtherapeutic level and the clinical response was inadequate.
The maintenance dose of pt.no. 8, 15 and 20 was adjusted because the predicted steady state
theophylline serum concentration was at overtherapeutic level and pt.no. 15 had rapid heart rate during the 3d

day after the original maintenance dose was given.



Table 6 : Percentage of the patients whose trough theophylline serum concentrations after loading dose and
during steady state were within subtherapeutic, therapeutic and overtherapeutic range

Theophyiline serum

Concentration

Subtherapeutic range
(<6mog/ml )
Therapeutic range
(6-12 mcg/ml)
Overtherapeutic range

(>12mcg/ml )

Nurmber of the patients (%)
After loading dose
JLhour \2+ hour
Apnea weaning apnea weaning
147779 8(333) 15(8333) 8(533))
22 (66.67) 23 (69.70)
4(222)  6(4000)  3(1667)  7(4667)
10(30.30) 10 (30.30)
1(6.67)
1(3.09)

* Total (N) = 33 cases

patients used theophylline for apnea

patients used theophylline as an adjuvant to weaning

Steady state
apnea  weaning
N1l 1 (7339

22 (66.67)
6(3333)  3(2000)

9(27.27)
1(656)  1(667)

2 (6.06)

18 cases

15cases



Tade 7 Tre besdire ceta, amingahyliine nainterence dose recommranded by each equetians and their aamesponding redidied steedy Sate thegphlline

Ptno  PNA (days)

1
2
3
4
5
6

(1)
72)

102)
102

14

SIuMETraion

2

o N NN A MWW A NN g DN

GA (weeks) Observed A

3

B R B8RRI ERRERR BB

1545
947
201
1510
37.88
1526
27.70
29.27
1243
1858
1048
16.53
17.36
21.99
1275
1014

VDL
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250
250

5.06
5.06
509
520
577
517
51
51
5.09
509
51
s
5.06
5.06
520
517

490
490
580
579
590
5.06
4.98
498
494
494
4.98
4.98
580
580
510
5.06

3.76
3.76
3.89
441
701
4.28
4.02
4.02
3.89
3.89
4.02
4.02
3.76
3.76
441
4.28

539
8.80

414 .

552
220
546
301
285
6.70
449
795
504
4.80
3.79
6.54
8.22

1091
17.80
843
11.48
508
11.30
6.15
582
1364
912
16.27
1031
971
767
1359
17.00

10.57
17.25
961
12,78
519
1105
599
5.67
1325
8.86
1584
10.04
1114
8.79
13.33
16.63

811
1323
6.45
9.74
6.17
935
484
458
1043
6.98
1279
811
122
570
1153
14.07
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Ptro PNA(days) GA(weeks) Observedd  MDL VD2 VD3 VD4 Cssl Css2 Css3 CssA
15 7 30 830 250 520 5.79 441 1004 20.88 2325 17.71
16 4 R 26.66 2.50 511 4.98 402 313 6.39 623 503
17 3 28 32.10 250 5.09 5.80 3.89 2.60 5.28 6.02 404
18 16 a 4891 2.50 5.46 546 558 170 m 372 372 3.80
19 10 28 1262 2.50 5.29 5.78 4.80 6.60 139 15.27 1268
20 5 28 8.69 2.50 514 580 415 959 19.73 225 1592
21 8 <) 28.17 250 523 514 454 2.96 6.19 6.08 5.37
2 5 3 1387 250 514 502 415 601 1236 1206 9.97
23 4 28 139 250 511 5.80 402 597 1221 1385 9.60
24 2 27 1061 250 506 5.80 3.76 7.85 15.89 1822 1181
25(1) 5 0 965 2.50 5.14 5.80 415 864 17.76 20.03 14.34
252) 5 30 27.27 250 5.14 5.80 415 3.06 6.2 7.09 507
26 7 3 14.30 250 5.20 510 441 583 1212 11.89 10.28
27 5 R 1255 250 514 502 415 6.64 1366 1333 1102
28 3 % 14.70 250 5.09 494 3.89 5.67 1153 1120 8.82
29 3 3 9.90 2.50 5.09 494 3.89 842 17.12 16.63 13.10
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Ptno  PNA (days)
30 2
3 7
2 8
32 8
7 8
3 2
mean 558
484

GA (weeks) Observed d

3

8RB 8B K

N

31.27
204

14.85
1364
2255
16.39
1593
16.77
1797
8.82

VDL
250
250
250
250
250
250
250
0.00

5.06
520
523
523
523
5.06
516
013

490
510
514
514
514
490
529
0.39

M4 Cssl
3.76 561
441 6.11
454 3.70
454 508"
454 523
3.76 497
423 553
059 212

Total number of drug concentrations, N= 33

1 : FDA recommendation

2 : Hendeles equation

A : Clearance, m/hr-kg

VD : Maintenance dose, mg/kg

3 : Bhatt-Mehta equation
4 : New equation

Css : Steady state theophylline serum concentration, mcg/ml

11.35
1271
7.73

10.63
1094
10.05
11.39
4.34

11.00
12.46
7.60
1045
10.76
9.74
n71
471

844
10.78
671
923
950
147
921
345



Table 8 : Percentage of the predicted steady state theophylline serum concentration corresponded to the maintenance dose recommended by different
equations was within subtherpeutic, therapeutic and overtherapeutic range

Theophylline range Number of the predicted steady state theophylline serum concentations (%9
FDA Hendeles equation Bhatt-Mehta equation New equation
Subtherapeutic range 24 (63.16) 4 (1053 3(7.90) 8 (21.05)
< 6 meg/ml
Therapeutic range 14 (36.84) 18 (47.37) 19 (50.00) 22 (57.90)
6-12 meg/m
Overtherapettic range [ | 16 (42.10) 16 (42.10) 8(21.05)
> 12 meg/ml

Total number of drug concentrations, N= 38
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Fgure 2 : Scatterplot of calculated theophylline serum concentration versus aminophylline recommended dose for FDA, Hendeles, Bhatt-Mehta and new equations.

Horizontal lines at theophylline concentration of 6 and 12 mocg/ml represent the therapeutic range for patients used theophylline for apnea and used
theophylline as an adjuvant to weaning (6-12 mocg/ml).
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2. Reliability and Precision of the Predicted Theophylline Serum Concentration during
Steady State by Methods based on the Serum Concentration during Non-steady state

21 Comparison between the Predicted and the Observed Theophylline Serum Concentrations

Various pharmacokinetic methods were used to evaluate the serum concentration during steady state
and the predicted steady state theophylline serum concentrations were shown intable 9. this study, the
model of aminophylline administration in preterm infants was short infusion model, usually, the pnnciple
equation for calculation of the predicted steady state theophylline serum concentrations should be
equation 5.1. However, equation 5.2 which was the principle equation of the bolus model could be used if
the half life was longer than six times of the infusion time (Winter, 1994). Previous studies of theophylline
pharmacokinetics in neonates found that the half life was long (nearly 30 hours) and the infusion time in this
study was short (only 10 - 15 minutes), therefore, we compared the values of the theophylline
concentrations calculated from the equations of the short infusion model and the bolus model (Appendix I)
were compared. The results demonstrated that the values of the theophylline concentrations calculated
from the equation of the bolus model were not different from the values of the theophylline concentrations
calculated from the equation of the short infusion model ( mmse = 0.25 , 95%Cl = -0.26, 044 ).
Consequently, in this study, equation 5.2 was used to predict the steady state theophylline concentration
instead of equation .1 which was more complex. ~ addition, the serum concentration did not changed
very largely since aminophylline was administered every eight or every twelve hours resulted from the long
half life, the simplified equation such as equation 6 was used as a principle equation for prediction of the
theophylline serum concentration during steady state and the result was compared with those obtained

from the more complex equations.

Each principle equation could be used to calculate the predicted theophylline serum concentrations
during steady state when the pharmacokinetic parameters such as elimination rate constant (Ke), volume
of distribution (Vd) and clearance () were known. Himination rate constant (Ke) could be calculated by
using equation 1 based on the two point, non-steady state theophylline serum concentrations. Bvery
methods, besides method 7, the elimination rate constant (Ke) was calculated from this equation. The
volurme of distribution (Vd) was either calculated as the individual value using equation 3.2 (method 1and
4) or taken as the population Vd in neonatal period reported by Aranda et a (1992) (method 2 and 5) or
Moore et a (1989) (method 3 and 6).
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Driscall et a (1989) reported that the interindividual difference in the clearance () was less than
the interindividual difference in the volume of distribution (Vd) in pediatric population, with coefficients of
variation were 19 and 28%, respectively. W, therefore, together examined the reliability and precision of the
predicted steady state theophylline serum concentrations which were calculated by using population
theophylline clearance in neonatal period reported by Aranda et a (1992) (method 7).

Table 10 showed predictive performance for the predicted theophylline serum concentrations dunng
steady state by different methods. The results demonstrated that the correlation between the predicted
and the observed theophylline serum concentrations was statistically significant for every methods.
However, higher significant level was found with the methods which used the population pharmacokinetic
parameters (either Vd or d) in calculation of the steady state serum concentrations. No statistical
significance in precision was found in any methods. When the results of the predicted steady sate
theophylline serum concentrations by using the method 5, 6 and 7 which used the same principle equation
and used one value of the population pharmacokinetic parameters (Vd or d) were determined, the method
7 got poor precision. Those illustrated that the clearance of the preterm infants might be more variable
among individual infants than the volume of distribution. However, among the different methods, the
predicted theophylline serum concentration calculated from using the population volurme of distribution or
the population clearance (method 2, 3, 5, 6, and 7) was more precise than the predicted theophylline
serum concentrations calculated from the individual volume of distribution obtained from the complex
pharmacokinetic equations (method 1and 4).

Table 11 demonstrated percentage of difference between the observed and the predicted steady
state theophylline serum concentrations. The results from the comparison between the observed and the
predicted steady state serum concentrations by difference methods indicated that the methods which the
steady state serum concentrations were calculated by using the individual Vd and A (method 1and 4) had
more the percentage of difference between the observed and the predicted steady state serum
concentration than the methods which the steady state serum concentrations were calculated by using the
population values (method 2, 3, 5, 6 and 7). When the percentage of difference between the observed
and the predicted steady state serum concentrations was determined especially in the methods which
used the population Vd or d and the same principle equation (method 5, 6 and 7), the methods which
used the population A (method 7) had more the percentage of difference between the observed and the
predicted steady state serum concentrations than the methods which used the population Vd (method 5
and ).
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For the mehods which used the same value of the population Vd but different principle equations for
calculation of the steady state serum concentrations ( metnod 2 and 5 , method 3 and 6), the percentage
of difference between the observed and the predicted steady state serum concentrations of the methods
which used the principle equation of the bolus model were similar to the percentage of difference between
the observed and the predicted steady state serum concentrations of the methods which used the
simplified equation.  clinical practice, the simplified equation might be better than the equation of the
bolus model for prediction of the steady state serum concentrations because it less complex while the
percentage of difference between the observed and the predicted steady state serum concentrations
obtained from the two principle equations when used the same Vd was not significantly difference.

For the methods which used the same principle equation but different Vd, in the methods which
used the principle equation of the bolus model, the percentage of difference between the observed and
the predicted steady state serum concentrations obtained from the method which used the population Vd
(0.69 L/kg) reported by Aranda et a (1992) (method 2) was similar to the percentage of difference between
the observed and the predicted values obtained from the method which used the population Md (0.858
L/kg) reported by Moore et d (1989) (method 3).  For the methods which the simplified equation was used
to calculate the steady state serum concentrations, the method which used the population Vd (0.858 L/kg)
reported by Moore et a (1989) (method 6) had less percentage of difference than the method which used
the population Vd (0.69 L/kg) reported by Aranda et a (1992) (method 5).

Table 12 demonstrated the number of theophylline serum concentrations within various range of
difference between the predicted and the observed steady state theoophylline serum concentrations.
Although from table 10 statistical significant was not found in any methods, more than 50% of the predicted
steady state theophylline serum concentrations calculated by method 6 was within the 20% difference with
approximately 30% of the predicted steady state theophylline serum concentrations was more than the
40% difference. On the other hand, less than 40% of the predicted steady state thophylline serum
concentrations calculated by the other was within the 20% difference.

As awhole, although the precision for prediction of the steady state serum concentrations was not
found in any methods, the methods which calculated the steady state serum concentrations by using the
population Vd had more precision than the methods which calculated the steady state serum
concentrations by using the individual Vd obtained after the loading dose and the simplified equation was
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preferred for used to prediction of the steady state serum concentrations because it was not complex
when compared with the equations of the bolus model. Among the different methods, method 6 which
calculated the steady state serum concentrations by using the individual Ke obtained after the loading
dose and population Vd (0.858 L/kg) reported by Moore et a (1989) applied to the simplified equation
might be the best method for prediction of the steady state theophylline serum concentrations based on
the non-steady state data. However, cautious use of this method is recommended. Clinical response
should be monitored and the drug level should be confirmed especially in the patients who have
inadequate response or have sign of the adverse reactions.



Table 9 : Comparison between observed theophyline serum concentrations and predicted theophylline serum concentrations during steady state
calculated by different methods

R No. Observed values Predicted values (mcg/mi)
(mog/m) Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 Method 7
1 4.55 413 551 443 4.36 582 4.68 320
2 744 4.28 4.38 352 458 . 4.68 3.77 32
3 4,05 532 4.95 398 6.05 563 4.53 370
4 4.60 199 183 147 259 2.39 192 316
5 528 371 459 3.70 458 568 4.56 9.09
6 536 4.87 530 4.26 549 598 481 372
n 4.15 4.39 6.05 487 508 7.00 563 522
72 589 6.92 954 7.67 7.62 1051 845 9.09
8 1045 8.65 6.57 528 961 7.30 587 590
9 443 474 5.66 4.55 531 6.35 510 374
101 1564 154 9.28 7.46 829 10.20 820 745
102 6.61 4.79 589 474 553 6.80 547 497
n 4.80 743 558 4.49 835 6.28 505 379
12 379 4.18 342 275 502 411 331 379

13 6.31 314 346 2.78 3.74 412 3.32 3.66



continued

R No. Observed values Predicted values (mcg/m)
(mcg/m) Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 Method 7
14 822 881 10.36 833 932 10.96 881 379
15 357 6.18 6.02 4.85 6.42 6.26 503 135
16 281 332 318 255 3% 3.77 3.03 340
17 4.26 6.97 7.17 576 8.07 830 6.67 6.22
18 188 351 354 2.85 4.23 4.26 343 4.18
19 5.08 10.27 4.02 323 1173 4.60 3.70 291
20 8.07 840 9.98 8.02 823 9.77 7.86 319
2 355 257 257 207 331 331 2.66 4.55
2 6.01 1053 6.03 4.85 1175 6.73 541 379
23 597 537 441 354 595 4.88 393 379
24 576 13.32 7.35 591 14.28 787 6.33 278
21 16.20 4.25 6.57 528 4.86 750 6.03 7.10
252 3.82 304 4.70 378 324 5.00 4.02 473
26 533 3.66 491 395 4.08 546 4.39 346
27 557 181 217 175 2.28 273 219 318

28 5.67 571 526 4.23 6.35 5.85 4.70 3.79



.continued

R No.  Observed values Predicted values (mog/imi)

(mog/mi) Methodl  Method2  Method3  Method4  Method5  Method6  Method 7
29 8.16 5.04 661 531 552 7.3 582 367
€' 8.56 6.27 2.83 228 8.56 386 311 593
il 543 2.84 304 245 338 363 2.02 3.37
21 5.04 8.99 6.16 4.9 1057 7.24 582 517
2P 1202 1594 10.92 8.78 18.32 1255 1010 895
203 10.70 14.46 901 7.97 15.86 1086 8.74 7.75
3 6.25 6.83 647 520 781 7.34 590 4.76

Mean + SD 6.36 £3.14 6.16 £3.35 5.69 +2.36 4.57 £+ 1.89 6.95 +3.08 8.39 +2.44 514 + 1.96 4.62 + 1.87

*Total number of drug concentrations, N= 38

Observed Observed theophylline serum concentrations during steady state

Methodl The steady state theophylline serum concentrations were predicted from equation 5.2 by using individual elimination rate constant
calculated from equation 1 and individual volurme of distribution calculated from equation 2 and 3.2,

Method 2 The steady state theophylline serum concentrations were predicted from equation 5.2 by using individual elimination rate constant
calculated from equation 1and the population Vd (0.69 I/kg) reported by Aranda et a (1992).



Method 3

The steady state theophylline serum concentrations were predicted by equation 5.2 by using individual elimination rate constant
calculated from equation 1and the population Vd (0.858 I/kg) reported by Moore et al (1989).

The steady state theophylline serum concentrations were predicted by equation 6 by using the predicted clearance calculated by the
use of individual elimination rate constant calculated from equation 1and individual Vd calculated from equation 2 and 3.2,

The steady state theophylline serum concentrations were predicted by equation 6 by using the predicted clearance calculated by the
Use of individual elimination rate constant calculated from equation 1and the population Vd ( 0.69 I/kg ) reported by Aranda et d
(1992).

The steady state theophylline serum concentrations were predicted by equation 6 by using the predicted clearance calculated by the
use of individual rate constant calculated from equation 1and the population Vd (0.858 I/kg) reported by Moore et a (1989).

The steady state theophylline serum concentrations were predicted by equation 6 by using the population clearance (22 mi/hr-kg) in
neonatal period reported by Aranda et d (1992).
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Continued

R No Observed CL CL14 C25 CL3.6 CL7
26 14.30 18.69 1394 17.34 22.00
27 1255 30.69 25.64 31.83 22.00
28 14.70 1312 14.25 17.72 22.00
29 9.90 14.64 1117 1389 22.00
0 14.85 1537 34.07 42.37 22.00
a 1364 21.92 2042 2540 22.00

21 255 . 10.75 15.69 1951 22.00

3212 16.39 10.75 15.69 1951 22.00

3213 1593 10.75 15.69 1951 22.00
3 16.77 13.42 14.28 17.76 22.00

Mean + 17.97+8.82  17.30+856  17.10+6.78  21.26+8.43 22.00

Range 8.69-48.91 4.29-43.68 4.73-35.24  589-43.82 22.00

** unit of the clearance : mi/hr-kg
Total number of theophylline clearances, N=33
Observed d Observed theophylline clearance which was calculated by the use of
equation 6 (displaced Cralwith observed theophylline serum concentration
during steady state).

CL1,4 The predicted clearance which was calculated by the use of individual elimination rate
constant calculated from equation 1and individual volume of distribution calculated from
equation 2and 3,

CL2 5 The predicted clearance which was calculated by the use of individual elimination rate
constant calculated from equation 1and population volume of distribution (0.69 I/kg)
reported by Aranda et d (1992).



CL3,6 The predicted clearance which was calculated by the use of individual elimination rate
constant calculated from equation 1and population volume of distribution (0.858 I/kg)
reported by Moore et d (1989).

Population theophylline clearance in preterm infants(22 mi/hr-kg) reported by Aranda et d
(1992).



Table 14 : Number of theophylline clearances in various range  difference between the predicted and the
observed clearances

Range of difference between Number of theophylline clearances (%)
predicted and observed values CL1,4 25 C13,6 L7
< 1% 7(18.42) 8(21.05) 8 (21.05) 3(7.90)
< 20% 15 (30.47) 14 (36.84) 16 (42.10) 5 (13.16)
<30% 18 (47.37) 22 (57.90) 22 (57.90) 10(26.32)
< 40% 22 (57.90) 24 (63.17) 26 (68.42) 15 (30.47)
< 50% 27 (71.05) 30 (78.9) 28 (73.68) 21 (55.26)
< 60% 31 (8L59) 34 (89.47) 29 (76.32) 25 (65.79)
< 70% 34 (89.47) 34 (89.47) 29 (76.32) 27 (71.05)
< 80% 35 (92.10) 34 (89.47) 30 (78.95) 30 (78.95)
< 90% 36 (94.74) 34 (89.47) 31 (8L58) 30 (78.95)
< 100% 36 (94.74) 35 (92.10) 34 (89.47) 30 (78.9)
> 100% 2 (5.26) 3(7.90) 4 (1053) 8 (21.05)
Total 38 (100) 38(100) 38 (100) 38(100)

Total number of theophylline clearances, N= 38



Parameter comparison
After loading dose
QL vs post natal age (PNA)
CL vs gestation age (GA)
CL vs weight
During steady state
CL vs post natal age (PNA)
CL vs gestation age (GA)

CL vs weight

Parameter comparison
Ke vs post natal age (PNA)
Vd vs post natal age (PNA)

statistical significant

Table 15 : Correlation between the theophylline clearance and endogenous factors.

Correlation

0.537*

0.264

0173

0.391*

0.013

0.028

Correlation

0.443*

0123

p value

0.001
0137

0.336

0.015
0.940

0.868

pvalue
0.010

0.49

68
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2.3 Pharmacokinetic Parameters Obtained after the Loading dose and during Steady state of the Preterm
Infants

Theophylline pharmacokinetic parameters obtained after the loading dose and during steady state
of the preterm infants were shown in table 16.

The volume of distribution (Vd), the clearance () and the half life (T v2 ) were the three principle
pharmacokinetic parameters which have often been reported in the literatures. The mean volume of
distribution obtained after the loading dose of the preterm infants was 0.697 £0.190 L/kg (range 0.270 -
1.066 L/Kg) which was closed to the population Vd (0.69 L/kg) reported by Aranda et a (1992) while the
mean volume of distribution obtained during steady state was 0.768 £0.190 L/kg which was in the middle
range between the population Vd (0.69 L/kg) reported by Aranda et al (1992) and the population Vd (0.858
L/kg) reported by Moore et d (1989). The volume of distribution of neonates found by some other
investigators were repoerted as follow : Aranda et a (1992), 0.69 L/kg ; Jones and Baillie (1979), 0.7 Lkg ;
Moore et d (1989), 0.858 Lkkg and Giacoia et d (1976), 0.91 L/kg.

Aranda et a (1992) suggested the population theophylline clearance in neonatal period to be 22
mi/hrkg.  this study, the mean theophylline clearance obtained after the loading dose was 17.30 £8.56
mi/hr-kg and the mean theophylline clearance obtained during steady state was 17.97 £ .82 mi/nr-kg.
The mean clearances obtained either after the loading dose or during steady state were slightly lower than
the population clearance reported by Aranda et at (1992) which might be resulted from the difference in
age of the patients studied. The population A reported by Aranda et a (1992) was generated from the
data of the patients in neonatal period which included either the preterm and the full term neonates while
the mean clearance obtained from this study was generated from the data of the preterm neonates only.
Theophylline clearance in neonatal period correlated to the maturity of the metabolizing drug system and
the age of the patients.  full term infants, the metabolizing drug system may be nore effective than that
in the preterm infants resulted from more maturity. Therefore, the mean clearance obtained after the
loading dose and during steady state of the preterm infants in this study was lower than the population
clearance reported by Aranda et a (1992) which was obtained from the data of the preterm and the full
term infants.
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The mean half life obtained after loading dose of the preterm infants was 33.75 + 17.52 hours which
was slightly higher than the half life reported by Donthey et a (1989). However, the age of the infants in
Donthey *  study was higher than 10 days while the age in most patients in this study (about 70%) was less
than one weeks. For the elimination rate constant obtained after loading dose, the mean value was
0.02481 +0.01050 hr1while the mean value reported by Donthey et a (1989) was 0.0373 +0.0383 hrl

The difference of the two mean values possible due to the difference in age in the studied group, the same
as the difference in the half life when compared with the previous report.

The resuits from this study, indicated that pharmacokinetic parameters of the preterm infants differ
from the pharmacokinetic parameters of the older children. Theophylline clearance is very low and the
volume of distribution is larger when compares with the older children, the treatment regimen usually
consists of a loading dose follow by small maintenance dose given at short interval to avoid fluctuation in
plasma concentration. Therefore, to achieve sufficient blood concentration, the appropriated dosage
regimen should be recommended. However, intrapatients and interpatients variation in theophylline
pharmacokinetic parameters were resulted in wide variation of the serum concentration when the standard
dosage regimen was used. Consequently, individual dosage regimen should be performed for
appropriate treatment in the patients.



Table 16 : Pharmacokinetic parameters obtained after loading dose and during steady state of the

R No.

o A W N R

(&
(%

10D
100)

14

5 &

B RRB B B

N

preterm infants

Ke*
0.01752
0.02180
0.02095
0.04218
0.05107
0.01981
0.02378
0.02580
0.01880
0.02329

01924
0.02938
0.02827
0.01102
0.00686
0.02881
0.02388
0.03128
0.02021
0.01040
0.04380
0.01794
0.02473
0.01126

Va*
0.920
0.706
0.643
0.635
0.855
0.752
0951

0524
0.824
0.849

0.518
0.565
0.761
0811
0.673
0.660
0.710
0.695
0.270
0.820
0.691
0.39%5
0.566
0.381

pharmacokinetic parameters

Var*
0.882
0434
0.960
0.358
0.742
0.770
1165
1231
0482
0.988
0450
0.710
0.902
0.748
0451
0.920
1210
0.925
1344
1564
0.624
0.836
0.643
0.773
0.564
0.942

a*
1612
1540
1347
26.78
43.68
14.89
261

1352
1549
19.78

9.97
16.60
21.50

8%
461
19.02
16.95
2174

546

853
30.24

709
14.00

4.29

a~
1545
947
2011
1510
37.88
15.26
21.27
29.27
1243
18.58
1048
16.53
17.36
21.99
1275
10.14
8.30
26.66
32.10
4891
12.62
8.69
28.17
13.87
1396
1061

TY2*
39.55
31.79
33.08
1643
1357
34.98
29.14

26.86
36.86
29.76

36.02
2359
2451
62.89
101.02
24.05
29.02
22.15
34.29
66.63
1582
38.63
28.02
61.55

71
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continued

R No. pharmacokinetic parameters
Ke* Va* Vo i cr* Qx* T 1/2*
251 0.03018 1.066 0.320 32.16 9.65 22.96
25(2) - - 0.904 - 21.27 -
26 0.02021 0.925 0.708 1869 14.30 34.29
27 0.03716 0.826 0.338 30.69 1255 18.65
28 0.02065 0.636 0.712 13.12 14.70 3356
2 0.01619 0.904 0.611 14.64 9.90 42.80
0 0.04938 0311 0.301 15.37 14.85 14.03
3 0.02960 0.741 0461 2192 1364 2341
321 0.02274 0473 0.992 10.75 22.55 30.47
202 - - 0721 2 16.39 -
20 - - 0.701 : 1593 -
3 0.02070 0.648 0.810 1342 16.77 33.48
mean 0.02481 0.697 0.768 17.30 1797 33.75
0.01050 0.190 0.293 8.56 882 1752
range .00686-0.051c 0.270- 1066 0301 - 1564 4.29-4368 8.69-48.91 13.57-101.02
cv 42.32 27.26 38.15 49.48 49.08 5191
unit of parameters :

Ke (Elimination rate constant) : hr- 1 Ke calculated from equation 1

Vd (Volume of distribution) : L/Kg 1Md calculated from equation 3.2.

A (Clearance) : mi/hr-kg 1A calculated from equation 4.

T 2/2 (Halflife) : hr. 1T /2 calculated from equation 8.

*The pharmacokinetic parameters obtained after the loading dose, N=33
** The pharmacokinetic parameters obtained during steady sate, N=33
The steady state Vd = The Vd which was calculated by using the individual Ke obtained after
the loading dose and the observed clearance during steady state

The steady state clearance = The observed clearance during steady state
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3. Correlation between theophylline serum concentration and clinical response

Correlation between theophylline serum concentration and clinical response both benefit effect and
adverse reaction was determined in dl patients. Table 17 showed theophylline serum concentrations, clinical
response both benefit effect and adverse reaction along with other treatments during theophylline therapy.

Table 18 demonstrated percentage of the patients who gained benefit effect and/or got adverse
reaction when theophylline serum concentration was within subtherapeutic, therapeutic and overtherapeutic
range. Set 6-12 mcg/ml as the therapeutic range, 16 of the 22 patients (72.73%) whose theophyllline serum
concentrations were at subtherapeutic level showed benefit effect from theophylline treatment. When four of
these 16 patients who used other treatments along with the use of theophylline and had apnea after
discontinued the co-treatments were excluded, only 54.55% of the patients could be considered as getting
benefit effect from theophylline treatment.  Adverse reaction was found in one patient who had thophylline
serum concentration at subtherapeutic level. When theophylline serum concentration was within therapeutic
range, 6 of the 9 patients (66.67%9) got benefit effect while one patient (11.11%) showed adverse reaction
associated with theophylline treatment. Only two patients had their theophylline serum concentrations at the
overtherapeutic level, none of them showed benefit effect while adverse reaction was happened in one
patient. Only one type of adverse reaction, tachycardia with the heart rate higher than 180 beats per minute,
was noted in this study. For the patients whose traditional maintenance dose was adjusted before the steady
state was reached, the clinical response was improved  nost patients while none of them got adverse
reaction from theophylline therapy. Table 19 demonstrated percentage of the patients who showed benefit
effect from using theophylline alone or in combination with other treatments. When theophylline was used
alone, 53.33% of the patients got benefit effect when theophylline serum concentrations were at
subtherapedutic level and this percentage increased to 71.43% when theophylline serum concentrations were
at therapeutic level.

Correlation between theophylline serum concentration and clinical response in the patients classified
by indication for theophylline treatment, were considered. Among all patients, 18 patients used theophylline
for apnea and 15 patients used theophylline as an adjuvant to weaning.

Among patients who used theophylline for apnea, 11 patients had their theophylline serum
concentrations within  subtherapeutic range and 10 of these patients (90.90%) got benefit effect from
theaphylline therapy. When the 2 patients who received other treatments along with theophylline therapy and
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had apnea after discontinued the co-treatments were excluded, only 8 of these patients (72.73%) got benefit
effect from theophylline therapy while none of them showed sign of adverse reaction from theophylline
therapy. For the patients who had theophylline serum concentration within therapeutic range, al patients
(100%) got benefit effect from theophylline therapy. Only one patient with apnea had theophylline serum
concentration higher than the therapeutic range, no benefit effect was found while adverse effect, i.e,
tachycardia with the heart rate higher than 180 beats per minute, did happen (Table 20).

The correlation between theophylline serum concentration and clinical response in patients with
apnea demonstrated that 100% of .the patients who had theophylline serum concentrations within the
therapeutic range got benefit effect from theophyiline therapy while adverse reaction did not happen. Only
one patient had theaphylline serum concentration higher than the therapeutic range, his apnea was not
elimnated while adverse effect was found. For the patients who had theophylline serum concentrations at
subtherapeutic level, the percentage of patients who got benefit effect was lower than the patients who had
theophylline serum concentrations within the therapeutic range. However, most patients with apnea received
other treatments concurrently with theophylline treatment.

Table 21 showed percentage of the patients who showed benefit effect from using theophylline alone
or in combination with other treatments such as oxygen, respirator or external stimulant to manage apnea from
any causes. When theophylline was used alone, 57.14% of the patients got benefit effect when their serum
concentrations were at subtherapeutic level. The percentage of the patients who used theophylline alone and
got benefit effect was increased to 100% when theophylline serum concentrations were at therapeutic level.
When the cause of apnea brough into consideration, only 3 of the 4 patients (75%) who had apnea due to
infection got benefit effect when theophylline was used alone and the serum concentration was less than the
therapeutic range. Whereas, all of the patients who had their theophylline serum concentration within
therapeutic range got benefit effect when theophylline was used alone. For the patients who had apnea
caused by immaturity of the respiratory system, only 1 of the 3 patients (33.33%) whose serum concentration
was less than the therapeutic level got benefit effect when theophylline was used alone, while benefit effect
was found in all three patients whose theophylline serum concentration were within the therapeutic range even
when theophylline was used alone.

For patients who used theophylline as an adjuvant to weaning , 6 of the 11 patients got benefit effect
when theophylline serum concentrations were less than therapeutic range. However, 2 of these 6 patients
received ather treatments for apnea prevention and apnea occurred after discontinued the co-treatment. The



75

result indicated that theophylline when used alone at subtherapeutic serum concentration could only prevent
apnea in 36.36% of the patients (Table 22). Benefit effect was not found either of the four patients whose
theophylline serum concentrations were within therapeutic range and overtherapeutic range. Two patients
showed adverse effect associated with theophylline therapy, the theophylline serum concentration of one
patient was at subtherapeutic level while the other was within therapeutic range. The theophylline serum
concentration of only one patient in this group was at the overtherapeutic level, neither benefit effect nor
adverse effect was not found in this patient. Table 23 demonstrated the causes of non-benefit effect

patients who used theaphylline as an adjuvant to weaning. Apnea resulted from infection was a primary cause
of non-benefit effect in most patients (80%) with theophylline serum concentrations which was at
subtherapeutic level. The cause of non-benefit effect in the three patients with therapeutic theophylline serum
concentrations were apnea resulted from infection in one patient, failure from extubation caused by severe
refraction in one patient and brain death in the other. For the patient with overtherapeutic theophylline serum

concentration, apnea resulted from infection was the cause of non-benefit.

The results  patients who used theophyiline as an adjuvant to weaning by using it for prevention of
apnea after weaning indicated that theophylline was not an effective agent when used to prevent apnea
caused by infection since 80% of these patients had apnea after weaning. However, theophylline serum
concentrations of these patients were also low at subtherapeutic level. For the three patients whose
theophylline serum concentrations were within therapeutic level, one patient had apnea resulted from infection
after weaning, one patient had severe retraction and the other got brain death. None of them showed benefit
effect from theophylline therapy. However, the amount of patients  this group was too smell, further studies

a larger group of patients are required before any stronger conclusion could be made.

The correlation between theophylline serum concentration and clinical response in this study was not
clear since other treatments were given along with theophylline treatment. At the same time, the cause of
apnea in most patients were secondary cause. However, as a total viewpoint, the result obtained indicated
that most patients got benefit effect when theophylline serum concentrations were within therapeutic range,
when the serum concentration was less than therapeutic range, benefit effects were often obtained when other
treatments were used concurrently with theopylline.  addition, the study found correlation between adverse
reaction and theophylline serum concentration. The incidence of adverse reaction was increased when the
serum concentration was increased. The higher incidence of adverse reaction was found in the patients with
overtherapeutic theophylline serum concentration. The benefit effect of theophylline was obvious when the
drug was used to control primary apnea which the serum concentration of theophylline was quite correlate
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with the clinical result whether or not some other treatment was used along with theophylline.  contrast, the
benefit effect of theaphylline and its correlation with serum concentration was not found when theophylline was

used to prevent secondary apnea especially the apnea that caused by infection in the patients used
theophyiline as an adjuvant to weaning.

Theophylline should be used in primary apnea. But it was often used in almost all types of apnea in
the ward since quite often the cause of apnea could nat be confirmed. Even though theophylline could not
completely control apnea resulted from infection, it might help decrease the episode and led to the decrease
of the ONS damage. However, the primary source of apnea is the most important to be treated. The use of
theophylline should be reevaluated after the cause of apneawas known.



Table 17 : steady state theophylline serum concentrations and the clinical response of the patients

R. No.  Theophylline serum cone.

1*

5*

during steady state (mcg/mi)
455
144
4.05

4.60

528
536
415

1045

Clinical response**

benefit effect

yes

Adverse reaction

yes (tachycardia)

Cotherapy

respirator (3 days), antibiotics
respirator (3 days), antibiotics
respirator (2 days), antibiotics

antibiotics

antibiotics
respirator, antibiotics
antibiotics

antibiotics

Remark

Patient had failure extubation because of

apnea (pneumonia).



continued
R No.  Theophylline serum cone, Clinical response™* Cotherapy Remark
during steady state (mcg/m) benefit effect Adverse reaction

o 443 yes - external stimulant Patient had apnea after discontinued

external stimulant.

10* 1564 no yes (tachycardia) antibiotics, respirator -

n 4.80 yes - - -

12¢ 379 yes - oxygen had apnea after discontinued oxygen.

13 6.31 no yes (tachycardia) oxygen, antibiotics Patient had successful extubation but he
had apnea (pneumonia).

14* 822 yes - oxygen no apnea after discontinued oxygen

15* 357 yes - antibiotics -

16* 281 yes - antibiotics -



continued

R No.  Theophylline serum cone.

17

during steady state (mcg/mi)

4.26

188

5.08

8.07

355

Clinical response™* Cotherapy
benefit effect Adverse reaction
no antibiotics, oxygen
yes - respirator (3 days)
no - antibiotics, oxygen
no
yes oxygen

Remark

Patients had successful extubation but he

had apnea (pneumonia)

Patients had successful extubation but he
had apnea (pneumonia)

Patient could not extubation because of
severe retraction.

Patient had apnea (AOP) after discontinued

oxygen.



continued

R No.  Theophylline serum cone.

24

27

during steady state (mcg/ml)

6.01

597

5.76

16.20

533

557

Clinical response**
benefit effect Adverse reaction

no

Cotherapy

oxygen

antibiotics, oxygen

Remark

Patient could not extubation because of
brain death.

Patient could not extubation because of
preumothorax.

patients had apnea (AOP) after
discontinued oxygen.

Patients had successful extubation but he

had apnea (pneumonia).



continued

R No.

3

Theaphylline serum cone.
during steady state (mcg/mi)
567
816

8.86

543

504

6.25

Clinical response**

benefit effect Adverse reaction

yes -

yeS -

Cotherapy

oxygen, external stimulant

antibiotics, oxygen

antibiotics

Remark

no apnea after discontinued oxygen and

external stimulant.

Patient had failure extubation because of

apnea (pneumonia).



Patients used theophylline for apnea.

Clinical response :
Benefit effect :
Patients used theophylline for apnea
Yes = Absent of apnea within 5 day after theophylline treatment or dose adjustment.
No = Apnea still presented 5 days after theaphylline treatment or dose adjustment.

patients used theophylline as an adjuvant to weaning
Yes = Patient had successful extubation and no apnea occurred.
No = Patient had reintubation within 72 hours after extubation and/or had apnea.



83

Table 18 : Percentage of the patients who gained benefit effect and/or got adverse reaction when
theophylline serum concentration was within subtherapeutic, therapeutic and overtherpeutic range

Theophylline serum concentration N Number of the patients (%9
©9 Benefit effect Adverse reaction
Subtherapeutic range 22 (66.67) 16 (72.73) 1(4.35)
< 6 meg/mi or 12(54.55)**
Therapeutic range 9 (27.27) 6 (66.67) 1(1111)
6-12 mcg/ml
Overtherapeutic range 2 (6.06) - 1(50.00)
> 12 meg/ml

* Excluded the 4 patients (2 cases used theophylline for apnea and 2 cases used theaphylline as an adjuvant
to weaning) who used other treatments along with the use of theophylline and had apnea after discontinued
co-treatments.
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Table 19 : Percentage of the patients who showed benefit effect from using theophyiline alone or in
combination with other treatments

Theophyiline serum Benefit Number of the patients (%9
concentration effect
T T+ other Total
Subtherapeutic range Yes n 8(72.73) or n 8 (72.73) or 16(72.73) or
<6 mcg/ml or 8 (65333 or 4 (57.14 2 12 (54.55)*
( =22) 15  3@72)o Y 3(27.27) 6 (27.27) or
No 7 (46.67)* 3(42.86) 10 (45.46)*
Therapeutic range Yes 5 (71.43)** 1(50) 6 (66.67)
6-12 meg/ml 7 2 9
( =9)
No 2 (2857) 1(50) 33

Overtherapeutic range Yes - - -
> 12 meg/ml 0 2 2
( =2
No - 2(100) 2 (200

Benefit effect : Yes = The patients got benefit effect from theophylline treatment.

No = The patients did not gain benefit effect from theophyiline treatment.

T : Theophylline alone

T+other :  Theophylline combined with other treatments ( oxygen, respirator or external stimulant)

*  Included the 4 patients who had apnea after discontinued the co-treatments.

* Excluded the 4 patients (2 patients used theophylline for apnea and 2 patients used theophylline as an
adjuvant to weaning) who used other treatments along with theophylline treatments and had apnea after
discontinued the co-treatments.

““ Included the 2 patients who did not have apnea after discontinued the co-treatments.
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Table 20 : Percentage of the patients used theophylline for apnea who had benefit effect and adverse
reaction when theophylline serum concentration was within subtherpeutic, therapeutic and

overtherapeutic range
Theophylline serum concentration N Number of the patients (%9
(%) Benefit effect Adverse reaction
Subtherapeutic range 1 (61.11) 10 (90.90) or -
<6 meg/m 8 (72.73*
Therapeutic range 6(3333) 6 (200) !
6-10 mcg/ml
Overtherapeutic range 1(5.56) 1(100)
> 12 meg/ml

* Excluded the 2 patients who received other treatments along with theophylline therapy and had apnea after
discontinued the co-treatments.



Table 21 : Percentage of the patients who showed benefit effect from using theophylline alone or  combination with other treatments to manage apnea

Theophylline serum Benefit Number of the patients (%9
Concentration effect AOP(N=7) Infection (N = 11) Total (N =18
T T+ other T T+ other T T+ other
Subtherapeutic range Yes 1 1(100)or 2  2(200) or 5 4(80) o 6 6 (100) or
o 13333 or 0. 4 375 4 4100 o 4(B714) o 4 (100
<6 meg/ml No 3 Oor 0, \ 1(25 “ 7* 1o "
2 (66.67) 3 (42.80)
Therpeutic range Yes
3= 3(100** O ) 2 2(100 1 1(1000 5%  5(100 1 1(100)
6-12 mcg/ml No - : ~ ] “ ~
Overtherpeutic range Yes - - - -
0 1 0 0 0 - 1 -

> 12 meg/m No - 1.(100) . ~ 1(100)



Benefit effect : Yes = The patients got benefit effect from theaphylline treatment.
No = The patients did not gain benefit effect from theophylline treatment.
T : Theophylline alone
T+other :  Theophylline combined with other treatments ( oxygen, respirator or external stimulant)
* Included the 2 patients who had apnea after discontinued the co-treatments.
*  Excluded the 2 patients who had apnea after discontinued the co-treatments.
** Included the 2 patients who did not have apnea after discontinued the co-treatments.



Table 22 : Percentage of the patients used theophylline as an adjuvant to weaning who got benefit effect
and/or got adverse reaction in correspondent with theophylline concentration

Theophylline serum Number of the patients (%9
concentration N Benefit effect Adverse reaction
Subtherapeutic range n 6(454) or 1(9.09
<6 mog/mi 4 (36.36)*
Therapeutic range 3 - 1(33.33)
6-12 meg/mi
Overtherapedtic range 1 - -
> 12 meg/m

"Excluded the two patients who had AOP after discontinued the co-treatments.

Table 23 : The causes for not gaining benefit effect in the patients used theophylline as an adjuvant to

weaning
Theophylline serum concentration ~ N* Nurmber of the patients : cases
Apnea Severe refraction  Braindeath  Pneumothorax
Subtherapeutic range 5 4 - - 1
<6 meg/m
Therapeutic range 3 1* 1 1 "
6-12 meg/mi
Overtherapeutic range 1 i -
> 12 meg/mi

* Number of patients who did not gain benefit effect from theophylline therapy.
* Apnea resulted from infection.
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