CHAPTER IV
RESULTS AND DISCUSSION

I. Phenobarbital level dose ratio of Thai paediatric patients in
different ages.

Sixty-nine out-patients of paediatric neurologic clinic who
met the cﬁteria of this study were analyzed. Table 1 showed the
characteristics of the patients and the dosage regimen of phenobarbital..
The ages of the patients in this study were between 3 months to 28
years old. The average age of the patients was 8.07 years. There were
twelve adults in this study (about 17.39% of all patients). The average
age of adults was 20.52 years, and the average age of paediatric
patients was 5.45 years, 28 females and 41 males were included in this
stady. Weights ranged from 6 to 82 kilograms (mean = 25.34 kilograms).
Phenobarbital was -prescribed once (n = 26), and twice (n =43) a day
orally. Patients received phenobarbital for treatment of generalized

seizures (n = 28) febrile seizure (n = 15), and partial seizures (n=10)



Table 1 : Characteristics of the patients
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Patient Age Sex | Body Weight Dosage regimen Seizure
Number (year) kg) Dose Interval | type*
(mg/kg/day)|(time/day)
1 1.66 F 10 6.00 1 FS
2 058 | M 8.6 6.98 2 GS
3 0.66 F 6.85 .4.38 1 no data
4 1.25 M 7.1 422 2 no data
5 1.92 F 10.8 6.94 1 PS
6 1.66 F 15 4.00 2 GS
7 0.33 M 6.7 6.43 2 no data
8 0.25 M 6 7.50 ) no data
% 1.92 M 10 6.00 1 GS
10 025 | F 6 6.25 2| no data
11 183 | F 115 15.65 2 | nodata
12 4 F 15 6.00 2 FS
13 2.33 M 9.7 6.18 2 GS
14 3.08 F 14 5.45 2 GS .
15 25 M 10 6.00 2 FS
16 4 F 18 5.00 1 FS
17 3 M 13 5.717 2 PS
18 4.83 M 13 6.90 2 GS
19 4.83 M 16 4.69 2 GS
20 4 " F 10 6.00 2 no data
21 2.08 M 12 750 2 GS
22 4,92 F 12 5.00 2 GS
23 4 M 16 5.62 2 FS




continued...
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Patient Age Sex | Body Weight Dbsage regimen Seizure
Number (year) (kg) Dose Interval | type*
| (mg/kg/day)) (time/day)

24 492 F 18 5.00 2 GS
25 3.17 F 13 4.62 1 FS
26 4,75 M 20 4.50 i FS
27 25 | M 12.5 4.80 1 FS
28 2.25 M 13 3.77 1 FS
29 3.5 M 20 4.50 2 FS
30 4.5 M 13 4.60 2 PS
31 2.5 F 18.5 4.86 1 GS
32 2.42 M 16 7.50 2 GS
33 35 F 18.5 4.86 1 FS
34 2 M 10 3.00 2 FS
35 125 | F 19 316 2 | nodam
36 5.33 M 15 4.00 1 FS
37 5.66 F 18 5.00 1 GS
38 5.17 M 16 7.50 1 no data
39 5.58 M 25 4.80 2 -GS
40 9.92 M 27 4.44 1 GS
41 8.66 F 23 4.50 2 GS
42 8 F 27 6.67 2 no data
43 6.17 F 13 3.46 1 GS
44 8 M 24 5.00 2 no data
45 6.08 M 20 6.00 1 GS
46 7.5 F 20 6.00 2 FS




continued..
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Patient Agc Sex Body Weight Dosage regimen  |Seizure
Number (year) (kg) | Dose Interval | type*
(mg/kg/day)|(time/day)

47 14 M 56.5 3.16 2 no data
48 13.25 M 42 2.86 i PS
49 12 M 35 493 2 PS
50 1 45 38 3.16 1 PS
51 11 M 21 5.70 2 no data
52 11.42 F .36 3.33 1 GS
53 12 M 40 3.00 1 PS
54 3 |'M 56 321 2 |no daa
55 12 F 26 4.62 2 FS
56 11 M 21.5 4,62 1 GS
57 14.83 F 5.2 2.30 2 GS
58 25 M 82 292 2 no data
59 19 M 60 3.00 2 GS
60 16 F 49 2.45 2 PS
61 '17.25 M 52 2.30 1 PS
62 25 F 55 2.22 1 GS
63 22 M 52 3.46 1 GS
64 28 M 47 2.55 2 no data
65 22 M 49 4.18 2 GS
66 15 M 43 2.86 2 GS
67 23 F 57 4.20 2 GS
68 18 M 40 3.00 1 GS
69 16 M 56.5 318 | 2 PS




continued..
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Patient Age Sex | Body Weight Dosage regimen  |Seizure
Number (year) (kg) Dose Interval | type*
(mg/kg/day)|(time/day)

mean 8.07 - |mean = 25.34kg - - -

(SD) (7.03)

range 0.25-28 - 6-82 - . -

n 69 F =28 69 69 69 69
M =41

*FS = Febrile Seizure (n = 15)

GS = Generalized Seizure (n = 28)

PS = Partial Seizure (n=10)
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Table 2 showed dosage regimen , measured serum
phenobarbital concentrations , treatment time, concomittant antiepileptic
drugs and phenobarbital level dose ratio of each patient in sequentially
from the youngest patient (0.25 years) to the oldest patients (28 years).
Two serum samples were collected from each pﬁtient , their
concentrations were analyzed and the mean concentration was calculated.

Table 3 showed the mean level dose ratio of the patients
in each age. The average level dose ratio of each age which was not
significantly different from that of the adjacent age were then grouping
into the same group. Phenobarbital level dose ratio could finally be
divided into four groups according to the age as shown in table 4 ,
including., 1 month to 3 years, 3 to 5 years, 5 to 14 years and
more than 14 years. The phenobarbital level dose ratios were increased

in the older age groups.



Table 2 :

ratic of patients.

Dosage regimen, measured serum phenobarbital concentrations and level dose

Patient | Age | Dosage | Concomittant | Treatment| Cl C2 C L/D
number |(years)|(mg/kg/day) AED time(years)| (ug/ml) | (ug/ml)| (ug/ml) [  Ratio
8 025 | 7.50 - 008 | 215 | 232 | 22.35 2.98
10 025 | 625 : 008 | 325 | 313 | 319 5.1
7 033 | 6.43 ~ 002 | 244 | 268 | 256 3.98
2 058 | 6.98 - 0.02 | 313 | 334 | 3235 4.63
3 066 | 438 p 058 | 95 | 73 | 84 1.92
4 125 | 422 - 1.08 63 | 82 | 725 1.72
1 1.66 | 6.00 - 0.58 | 214 | 219 | 2165 3.61
6 166 | 4.00 f 008 | 165 | 174 | 1695 424
11 183 1 1565 | Lamotrigene | 083 | 6434 | 50.56 | 57.45 3.83
5 192 ] 694 ! 0.04 | 412 | 48.4 | 4438 6.46
9 192 | 6.00 < 1.83 | 282 | 308 | 295 4.92
34 2.00 | 3.00 - 0.50 88 | 98 | 93 3.1
21 208 | 7.50 - 200 | 214 | 235 | 2245 2.99
28 225 | 577 - 1.50 22 | 216 | 218 3.77
13 233 | 6.18 - 0.66 | 159 | 204 | 18.15 2.94
32 242 | 750" - 1.83 | 268 | 32.32 | 29.56 3.94
15 250 | 6.00 - 1.66 | 225 | 257 | 24.1 4.01
27 250 | 4.80 - 1.50 | 21.8 | 209 { 21.35 4.44
31 2.50 | 4.86 - 025 | 152 | 17.3 | 1625 3.34
17 | 300 577 - 225 | 2110|2700 | 2405 | 416




Table 2 continued...
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Patient | Age | Dosage | Concomittant | Treatment| Ci C2 c L/D
number |(years){(mg/kg/day)  AED time(years)| (ug/ml)|(ug/ml)| (ug/ml) |  Ratio
14 3.08 | 545 - 1.00 | 27.50 [ 2590 | 267 4.89
25 317 | 462 - 075 | 20.60 | 21.90 | 21.25 4.59
29 350 [ 4.50 - 1.92 | 20.00 | 21.90 | 20.95 4.65
33 3.50 | 4.86 - 117 | 2970 | 24.10 | 26.9 5.53
12 400 | 6.00 ~ 1.58 | 21.50 | 20.60 | 21.05 35
16 | 400 500 ; 150 | 14.40 [ 1610 1525 | 3.5
20 400 | 6.00 - 333 | 40.60 | 45.50 [ 43.05 7.17
23 400 [ 5.62 . 0.08 | 17.40 | 1590 | 16.65 2.96
30 450 | 4.60 - 0.75 | 20.50 | 18.40 | 19.45 422
26 475 | 450 - 342 | 2030 | 2140 | 2085 4.63
18 483 | 690 - 458 | 36.50|39.10| 378 5.47
19 483 | 469 . 1.50 | 25.00 | 21.70 | 23.35 4.97
22 492 | 5.00 - 217 | 2510 | 2190 [ 235" 47
24 492 | 5.00 z 325 | 20.10 | 1940 | 19.75 3.95
38 5171 1750 Diazepam 066 | 28.20| 3090 | 29.55 3.94
36 533 | 4.00 - 358 | 24.00| 2720 256 6.4
39 558 | 4.80 - 458 | 21.60 | 26.10 | 23.85 4.96
37 566 | 5.00 - 025 | 24.70| 28.20| 2645 5.29
45 6.08| 6.00 ¢ 0.83 | 43.80] 51.14 | 47.47 7.91
43 6.17) 3.46 - 1.17 | 1620 1530 15.75 455
35 725 | 3.6 - 6 19.50 | 17.80 | 18.65 5.9
46 7.50 |  6.00 - 242 | 4270 | 1030 415 6.91




Table 2 continued...

Patient | Age | Dosage | Concomittant | Treatment} Cl1 C2 c L/D
number (ycars)q(mg/kg/day) AED time(ycars)ﬂ (ug/mi) | ¢rg/mi)| (rg/ml) | Ratio
K 800 | 667 | Valproic acid 3 48.90 | 45.20 | 47.05 7.05
44 8.00{ 500 - 0.04 | 3040 | 2730 28.85 571
41 8.66 | 4.50 - 442 | 2260] 1930] 2095 | 4.65
40 | 992 444 | Valproic acid 3 34.60 | 37.30 | 35.95 8.09
50 [11.00] 3.6 - 242 | 1950 | 22.70 | 21.1 6.67
51 11 5.70 - 117 | 1060 | 12.30 | 11.45 2
56 |11.00| 462 - 092 | 2000| 2298 | 2149 | 465
52 |1142| 333 g 9.17 | 1720 1580 16.5 4.95
49 12 493 . 033 | 38.50 | 39.60 | 39.05 7.92
s3 | 12| 3.0 / 358 | 1470 | 1240 1355 | 451
55 12 4.62 Diazepam 10 | 1560 18.80 | 17.2 3.72
54 13 | 321 : 425 | 1390 | 1430 | 14.1 4.39
48 |13.25| 286 - 925 | 2140 2020 208 7.27
47 14 3.16 = 275 | 25.10| 24.80 | 2495 | 7.89
57 |1483] 230 g 1042 | 2520 | 28.60 | 269 11.69
66 |1500| 2.86 - 4 1569 | 1934 1752 | 612
60 1600 245 1 12 |[2450] 2170 | 23.1 9.42
60 | 1600 3.8 - 16 |3330| 3640 3484 | 1095
61 {1725 230 Phenytoin 13 3070 2620 2845 | 1236
68 |18.00] 3.00 - 75 | 3120 2830 2075 | 9.1
59 |19.00| 3.00 - 5 26.70 | 28.40 | 27.55 9.18
63 |2200| 346 - 1125 | 32.10 | 36.00 | 34.05 9.84




Table 2 continued...

41

Patient | Age | Dosage | Concomittant | Treatment| Cl1 Cc2 c L/D
number |(years){(mg/kg/day) AED time(years)| (ug/ml) [ (g/ml)| (pg/ml) Ratio
65 22.00 4.18 Diazepam 16 4430 | 47.90 | 46.1 11.02
+Valproic acid
67 23.00 4.20 - 11.33 | 29.50 | 33.20] 31.35 7.46
58 25.00 292 Phenytoin 6 27.80 | 29.50 | 28.65 9.81
62 (2500 222 > 12 | 1505|1734 1619 | 729
64 28.00 2.55' Phenytoin 28 19.50 | 17.00 | 18.25 7.15




Table 3 : Mean phenobarbital level dose ratio of patients in each age.

42

Age group (years) n L/D ratio mean (SD)
1mo-1 5 3.72 (1.28)
1-2 6 4.13 (1.56)
2-3 8 3.57 (0.55)
3-4 5 4.76 (0.50)
4-5 10 4.46 (1.26)
5-6 4 5.15 (1.01)
6-7 2 6.23 (2.38)
7-8 2 6.40 (0.71)
8-9 3 5.82 (1.20)
9-10 1 8.09
10- 11 - -
11-12 4 4.57 (1.93)
12 - 13 3 5.38 (2.23)
13 - 14 2 533 (2.04)
14 - 15 2 9.79 (2.69)
15- 16 1 6.12
16 - 17 2 10.18 (1.08)
17 - 18 1 12.36
18- 19 1 9.91
19 - 20 1 9.18
>20 6 8.76 (1.66)
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Table 4: Phenobarbital level dose ratio of patients in each age group

Age group n mean age [years (SD)] | mean level dose ratio (SD)
1 month-' 3 years 19 1.63 (0.82) 3.79 (1.11)
3-5 years 15 4.07 (0.70) 456 (1.05)
5-14 years 21 9.05 (2.78) ~5.60 (1.60)
>14 years 14 10.65 (4.48) 9.29 (1.88)
Total 69 8.07 (7.03) 5.62 (2.44)




There were few patients who used other anti-epileptic drug
concomittantly with phenobarbital (about 13%). Valproic , phenytoin, and
diazepam were the concomittant anti-epileptic drugs used by patients
including in this study and there was only one patient who used
lamotrigene. Table 5 showed the comparative mean phenobarbital level
dose ratios in monotherapy (only phenobarbital) and polytherapy
(phenobarbital with other . anti-epileptic drugs).

When ‘phenobarbital was used concomittantly with v_alproic
acid the level dose ratio seem to be higher which was not surprising
since it occurred predictably in the majority of patients taking these
two drugs together. The mechanism by which valproic acid causes
phenobarbital  accumulation is ~ thought to involve inhibition  of
phenobarbital metabolism. Concomittantly used phenobarbital  with
phenytoin showed higher level dose ratio than the average monotherapy
level dose ratio of the same age group. The mechﬁsm could be due
to the inhibition of phenobarbital biotransformation since both drugs are
hydroxylated by hepatic microsomal enzyme. The two patients who used
only diazepam concomittantly with phenobarbital showed lower level dose
" ratio, Since the pharmacokinetic interaction between phcnobarbital and
diazepam has never been reported and  the number.' of patients
concomittantly used “pheniobarbital with this  drug including in_ this| study
were too few , further observation with more patients must be done
before any mechanism could be discussed or any conclusion could be

made.
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Figure 1 ‘showed the relationship of the phenobarbital level
dose ratio and the age of the patients. Form the age range 3 months to
28 years , the phenobarbital level dose ratio varied between 1.72 and
12.36. The phenobarbital level dose ratios increased with age (L/D =
3.59 + 0.25 age, n = 69, r=0.727, p < 0.0001)
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| Predicted concentrations were calculated 'using several
méthod , i.e , the mean level dose ratios of traditional age groups (1
month to 2 years , 2 to 5 years , 5 to 12 years , 12 to 15 yﬁars and more than
15 years ) the mean level dose ratios of different age groups according

to this study (1 month to 3years , 3 to 5 years , 5 to 14 years , more than 14

years) , the pharmacokinetic equation [ C =(dose(mg/kg/day)*T1 n Y
(Vd*0.693) 1 using the pharmacokinetic ~parameters as reported by
Morselli (12) and the equation derived from the linear regression
analysis between level dose ratios and ages, ie., L/D =3.59 + 0.25(age).
The difference between the calculated concentration by four methods and
the observed concentration were show in table 6. The aircrage calculated
concentrations and the coefficient of variations by different methods

were not significantly different.



Table 6 : Comparison between observed and calculated concentration
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Patient | Cobs Ceal* Ccal** Ceal*** Coal*#*+
Number] pig/ml | pig/ml |%Cobs| pg/ml | %Cobs | pg/ml | %Cobs | ug/ml { %Cobs
8 | 2235 [29.55] 132.2| 2843 | 1272 | 27.39 | 12255 | 225 | 100.67
10 | 319 | 2462|7718 | 23.69 | 7426 | 2284 | 716 | 1875 | 58.78
7 | 256 [2533}9894 | 2437 | 952 | 23.61 | 92.23 | 19.29 | 75.35
2 | 3235|275 |8501] 2645 | 81.76 | 26.07 | 80.59 | 20.94 | 64.73
3 84 {17.26]2055| 166 | 197.62 | 1645 | 195.83 | 13.14 | 156.43
4 | 725 | 1663|2294 1599 | 22055 | 1647 | 227.17 | 12.66 | 174.62
1| 2165 [ 23.64 | 1092 | 2274 | 10503 | 2403 | 11099 | 18 | 83.14
6 | 1695 1576]92.98 | 15.16 | 89.44 | 1602 | 9451 | 12 | 70.8
11 | 5745 | 61.66 | 107.3 | 59.31 | 103.24 | 63.34 | 110.25 | 46.95 | 8L.72
5 | 448 [27.34]|61.03| 263 | 587 | 2825 | 63.06 | 20.82 | 4647
9 | 295 [23.64 | 80.14 | 22.74 | 77.08 | 24.42 | 8278 | 18 | 61.02
34 | 93 |1266| 1361 | 1137 | 12226 | 1227 | 13194 | 1443 | 155.16
21 | 2245 | 31.65| 141 | 28.43 | 126.36 | 30.83 | 137.33 | 36.08 | 160.07
28 | 21.8 |24.35}111.7.] 21.87 [ 10032 | 23.96 | 109.91 | 27.75 | 127.29
13 | 18.15 | 26.08 | 143.7 | 23.42 | 129.04 | 25.79 | 142.09 | 29.72 | 163.75
32 | 2956 31651 107.1| 28:43 | 196:18 | 3146 | 10643 | 36.08 | 122.06
15 | 24.1 {2532 1051 22.74 | 9436 | 25.29 | 104.94 | 28.86 | 119.75
27 | 21.35 [ 2026 | 94.89 | 18.19 | 852 | 2023 | 9475 | 23.09 | 108.15
31 | 16.25 | 20.51 | 126.2 | 18.42 | 113.35 | 20.48 | 126.03 | 23.38 | 143.88
17 | 24.05 [ 2435 101.3 | 26.31 | 109.34 | 25.04 | 104.12 | 27.75 | 115.38




Table 6 : continued......

Patient | Cobs Ceal* Ceal** Ceal¥** Coal*¥*
Number] pg/mi | pg/ml |%Cobs| pg/mi | %Cobs | pg/ml | %Cobs | pg/ml | %Cobs
14 267 | 23 | 8614 2485 | 93.07 | 23.76 | 88.99 | 26.21 | 98.16
25 | 2125 | 19.5 {9176 | 21.07 | 99.15 | 2025 | 95.29 | 22.22 | 104.56
29 | 2095 | 18.99 | 90.64 | 20.52 | 97.95 | 2009 | 95.89 | 21.64 | 103.29
33 269 |20.51 ] 76.24 | 22.16 | 8238 | 21.7 | 80.67 | 23.38 | 8691
12 | 2105 | 25.32 | 120.3 | 27.36 | 129.98 | 27.54 | 130.83 | 28.86 | 137.1
16 | 15.25 | 21.1 | 1384 | 228 | 149.51 | 2295 | 15049 | 24.05 | 157.7
20 | 43.05 | 2532 | 58.82 | 2736 | 63.55 | 27.54 | 63.97 | 28.86 | 67.04
23 | 16.65 [ 23.72 | 142.5| 25.63 | 153.93 | 25.8 | 15495 | 27.03 | 162.34
30 | 19.45 | 19.41]99.79( 2098 | 107.87 | 21.69 | 111.52 | 22.13 | 113.78
26 | 2085 | 18.99 | 91.08 | 2052 | 98.42 | 21.5 | 103.12 | 21.64 | 103.79
18 37.8 | 29.12 | 77.04 | 3146 | 8323 | 33.1 | 87.57 | 33.19 | 878
19 | 2335 | 19.791 84,75 | 21.39 | 91.6 23.5 | 100.64 | 22.56 | 96.62
22 235 1 21.1 | 89.79 | 228 | 97.02 | 24.1 | 102.55 | 24.05 | 102.34
24 | 1975 | 211 | 106.8 | 228 | 11544 | 24.1 122.02‘ 12405 | 121.77
38 | 29.55 | 42 | 1421 | 42 142,13 | 36.62 | 123.92 | 43.28'{ 146.46
36 256 | 224 | 875 | 224 87.5 | 19.69 | 76.91 | 23.08 | 90.16
39 | 2385|2688 112.7] 26.88 | 1127 | 23.93 | 10034 | 277 | 116.14




51

Patient | Cobs Ccal* Ceal** Ccal*** Ccal***

Number] pg/mi | pig/ml | %Cobs| pg/mi | %Cobs | pg/ml | %Cobs | Hg/ml %Cobs
37 2645 | 28 | 1059} 28 105.86 | 25.03 { 94.63 | 28.85 | 109.07
45 | 47471 336 {7078 | 336 70.78 | 30.66 | 64.59 | 34.62 | 72.93
43 15.75 | 19.38 | 123.1 ]| 19.38 | 123.05 | 17.76 | 112.76 | 19.96 | 126.73
35 | 18.65 | 17.7 | 9491 | 177 | 9491 | 17.07 | 91.53 | 18.23 91.75
46 | 415 | 336 80.96 336 | 8096 | 3249 | 78.29 | 34.62 | 83.42
42 | 4705 | 37.35] 79.38 | 37.35 | 79.38 | 37.29 | 79.26 | 38.48 | 81.78
44 | 2885 | 28 |97.05| 28 97.05 | 2795 | 96.88 | 28.85 | 100
41 | 2095 ] 252 | 1203} 252 | 12029 ] 259 | 123.63 | 26 |124.11
40 | 35.95 24.86‘ 69.15| 24.86 | 69.15 | 2695 | 74.96 | 25.62 | 71.26
50 21.1 | 17.7 | 83.89( 177 83.89 | 1977 933 18.23 86.;&
51 11.45 | 31.92 | 278.8 | 31.92 | 278.78 | 30.45 | 265.94 | 32.89 | 287.25
56 | 21.49 | 25.87 | 1204 | 25.87 12038 | 21.96 | 102.19 | 26.66 | 124.06
52 | 165 |18.65] 113 | 18.65 | 113.03 | 19.74 | 119.64 | 19.21 | 116.42
49 °| 39.05 | 33.38 | 85.48 | 27.61 [ 70.7 | 32.79 | 8397 | 355 | 9091,
53 13.55 1 20.31 | 149.9 | 16.8 | 123.98 | 20.03 | 147.82'| 21.6 | 159.41
55 17.2° 1 31.28 | 1819 ] 25.87 | 15041 | 36.14 | 210.12 | 33.26 | 193.37
54 14.1 12173 154.1 | 17.98 | 127.52 | 29.29 | 207.73 | 23.11 | 163.9
48 208 |19.36|93.08 | 16021 77.02 | 2146 | 103.17 | 20.59 | 98.99

- 47 2495 | 21.39 | 85.73 | 29.36 | 117.68 | 22.44 | 89.94 22.75 91.18
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Patient | Cobs Ccal* Ceal** Coal*** Coal***
Number] pig/ml | pg/ml|%Cobs| pg/mi | %Cobs | pg/ml | %Cobs | pg/ml | %Cobs
57 | 269 {1557(57.88| 21.37 | 79.44 | 1678 | 62.38 | 16.56 | 61.56
66 | 17.52 | 26.34 | 150.3 | 26.57 | 151.66 | 2099 | 119.8 | 30.94 | 176.6
60 | 23.1 |22.56(97.66] 2276 | 98.53 | 186 | 80.52 | 2651 | 114.76
69 | 34.84 | 29.29 | 84.07 | 29.54 | 8479 | 24.14 | 6929 | 344 | 98.74
61 | 2845 |21.18 | 7445 | 21.37 | 75.11 | 18.18 | 639 2489 | 87.49
68 | 29.75 | 27.63 | 92.87 | 27.87 | 93.68 | 2427 | 81.58 | 31.26 | 105.08
59 | 27.55 {27.63 | 1003 | 27.87 | 101.16 | 25.02 | 90.82 | 31.26 | 113.47
63 | 34.05 | 31.87 | 93.6 { 32,14 | 9439 | 3145 | 9236 | 37.44 | 109.96
65 | 461 | 385 | 835 | 3883 | 8423 | 38 | 8243 | 4523 | 9.1
67 | 3135 | 38.68 | 123.4 | 30.02 | 12446 | 3923 | 125.14 | 45.44 144.94 |
s8 | 28.65 | 2689 | 93.86 | 27.13 | 9469 | 2873 | 11028 31.59 | 110.26
62 | 16.19 | 20.45 | 126.3 | 20.62 | 127.36 | 21.85 | 134.96 | 24.02 | 148.36
64 | 1825 (2348 1287 23.69 | 129.81 | 27 | 1479 | 27.59 | 151.18
Mean(SD) | 109.23(37.91) | 108.06(35.46) | 110.16(39.23) | 114.27(38.95)
%CV 34.71 32.82 35.61 34.08

Ceal* = calculated concentration by mean L/D of traditional age group

Ccal** = calculated concentration by mean L/D of this study

Ccal*** = calculated concentration by L/D from linear regression

Ccal**** = calculated concentration by pharmacokinetic equation
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I The relationship between serum phenobarbital level
and theoretical therapeutic range.

The meén serum phenobarbital levels of each patients were
examined whether or not they were within the theoretical therapeutic
range. Table 7 showed the number and percentage of patients in each
age group whose sefum level were less than 10 pg/ml, within 10 - 20
pg/ml, within 20 - 40 pg/mi, and more than 40 pg/ml. The serum levels
of most patients (60.9%) were within 20 - 40 ug/ml while the lowest
percentage of the patient (4.4 %) had their serum level less than 10
pg/ml.

If therapeutic range is 10 - 20 pg/ml , percentage of patients
whose serum levels were within therapeutic range will be 24.6%. If
therapeutic range is 20 - 40 pg/ml , percentage will be 60.9%. And if
therapeutic range is 10 - 40 pg/ml , peroentage will be 85.5%.
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Table 7 : Number and percentage of patients in each age group whose serum level were

within therapeutic range,subtherapeutic range and overtherapeutic range.

Age group Number of the patients n(%)
(yeaf) subtherapeutic | within therapeutic range | over therapeutic

<10pg/ml  110-20ug/mi|  20-40pg/ml >40ug/ml

1 month - 3 years 3(15.8) 3(15.8) 11(57.9) 2(10.5)

3-5 years 0(0) 4(26.7) 10(66.6) 1(6.7)
5-14 years 0(0) 7(33.33) 11(52.39) 3(14.28)
>14 years 0(0) 3(21.43) 10(71.43) 1(7.14) .

Total 3(4.4) 17(24.6) 42(60.9) 7(10.1)

59(85.5)
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IH The relationship between serum phenobarbital level and seizure
control.

To justify the relationship between serum phenobarbital level
‘and clinical result, table ‘8.1 - 84 show seizure frequency and
phenobarbital serum level at stady time in each age group. Most |
patients in this study were absolutely controlled (about 71.01%). There
were six patients whose scizure frequency was still the same as before
phenobarbital was used or dosage regimen was adjusted. Among these
six patients , there was only one patient (No. 4) whose serum
phenobarbital level was lower than 10 pgfml and soon after the serum
level was taken , phenobarbital was discontinued and the patient was
prescribed other anti-epileptic drugs. Phenobarbital was continued on the
same dosage regimen in four patients '[two patients used concomittant
antiepilepﬁc drugs , one (patients no, 69) had upper limit serum
concentration, another had no reason for continue the same dosage
regimen]. In one patient (patient no. 62) , dosage of valproic acid was
“increased and phenobarbital désage was decreased.

Table 9 showed mean serum concentrations of controlled
patients in each age groﬁp which were nearly -equal except for age
group '> 14 years which the mean serum concentration Wwas slightly
hlgher. The overall mean serum concentration calculated ' from all 49

controlled patients was 22.17 pg/ml.



Table 8.1:Seizure frequency and phenobarbital blood level measured

at studying time in patients age group lmonth to3 years.

Patient number Cobs Seizure Frequency
(ng/m)

1 21.65 0

2 3235 0

3 8.40 0

4 7.25 <

5 44.80 \lr

6 16.95 0

7 25.60 0

8 22.35 0
9 29.50 ~I'

10 31.90 \L .
11 57.45 0

13 18.15 0

15 24.10 0

21 22.45 Jr‘
27 21.35 0

28 21.80 ~L

31 16.25 0

32 29.56 wl«

34 9.30 0

n=19 mean(SD)=24.27(12.14) seizure free =12 (63.2%)




Table 8.2 : Seizure freql.iency and phenobarbital blood level measured

at studying time in patients age group 3 to 5 years.
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Patiestt number C obs Seizure Frequency
(Mg/mi)
14 26.70 0
17 24.05 0
25 21.25 0
29 20,95 0
33 26.90 0
12 A21.05 0
16 15.25 0
18 37.80 >
19 23.35 0
20 43.05 2
22 23.50 0
23 16.65 0
24 - 1975 0
26 20,85 0
30 19.45 0
n=15 mean(SD)=24.04(7.44) seizure free =13 (86.67%)




Table 8.3 Seizure frequency and phenobarbital blood level measured

at studying time in patients age group 5 to 14 years.
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Patient number C obs Seizure Frequency
(Hg/mb)
35 18.65 0
36 25.60 0
37 26.45 0
38 29.55 0
39 26.85 2
40 35.95 2
41 20.95 0
42 47.05 0
43 1575 0
44 28.85 0
45 47.47 N
46 41.50 0
50 21.10 0
51 11.45 0
52 16,50 0
56 21.49 0
49 39,05 0
53 13.55 N
55 17.20 0
48 20.80 o
54 14.10 0
n=21 mean(SD)=25.71(10.88) | seizure free =16 (76.19%)
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Table8.4 : Seizure frequency and phenobarbital blood level measured

_ at studying time in patients age group >14 years

Patient number C obs Seizure Frequency
(Mg/ml)

47 24.95 0
57 26.90 0
58 28.65 0
59 27.55 0
60 23.1 0
61 28.45 ¥
62 16.19 >
63 34.05 0
64 18.25 <«

65 46.1 y
66 17.52 0
67 -31.35 0
68 29.75 )
69 34;84 ©

n=14 mean(SD)=27.69(7.86) ~ seizure free =8 (57.14%)

C obs = Observed phenobarbital concentration

Seizure frequency = 0 = no Seizure

<> = the seizure frequency is still the same as before

\

1

phenobarbital was used or dosage regimen was adjusted.

= the seizure frequency decreases after phenobarbital

was used or dosage regimen was adjusted.

= the. seizure frequency increase after phenobarbital

was used or dosage regimen was adjusted.




Table 9 : Mean serum concentrations of controlled patients in each

age group
Age group (years) | mean serum concentrations of controlled patients n
1 month - 3 22.82 12
3-5 21.52 13

5-14 24.70 16

> 14 26.76 8

Total 22.17 49
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Table 10 showed the comparison between phenobarbital blood
level of patient whose seizure were completely controlled and not
completely controlled. If the therapeutic range of phenobarbital is determined
to be 10 - 40 Pg/ml as traditional , 91.84 percent (45 out of 49 patients) of
the controlled patients had their blood level within therapeutic range. Of the
total 59 patients whose blood levels were within 10 - 40 {lg/ml , 45 patients
(76.27 percent) were classified in the controlled group while 14 patients
(23.73 percent) were classified in the uncontrolled group.

I the ‘therapeutic range of phenobarbital is recommended to
be 10 - 20 Pg/ml as Morselli (12) preferred for infants and children , only
26.53 percent (13 out of 49 patients) of the patients in the controlled
group had their blood levels fell within this therapeutic range. However ,
of the total 17 patients whose blood levels were within 10 - 20 [lg/ml, 13
patients (76.47 percent) were controlled patients while 4 patients (23.53
percent) were uncontrolled patients, These last two percentages were quite
similar whether the therapeutic ranges were recommended to be 10 - 40
Mg/mi, 10 - 20 plg/ml or 20 - 40 jig/ml.

When these last two percentages were considered along with
the age of the patients, the results showed that when the blood level of
the younger patients (from  one month to  forteen years old) fell in -the
category of 10 - 20 Ug/ml , their seizure were well controlled. In the
contrary , when the blood level of the older patients (more than forteen
years old) fell in this same category phencbarbital could not completely
controlled seizure of the majority patients. Older patients showed higher

percentage of completely seizure controlled when their blood level were

within 20 - 40 pg/ml.



Table 10 : Comparison between the phenobarbital blood level of

patients whose seizure were completely controlled and not

completely controlled
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Age Controlled patients Uncontrolled patients
group | ©<10 | c=10-20 | c=20-40 | ¢>40 | ¢<10 |c=10-20|c=20-40} c>40
(year) | (N=3) | (N=17) | (N=42) | (N=7) | (N=3) | (N=17) | (N=42) | (N=7)
n®) | n@) | n%) | n®%) | n%) | n(%) | n(%) | n(%)
1mo-3l1(33.33) 3(100) | 8(72.73)| 1(50) {2(66.67) 0(0) |3(27.27)] 1(50)
3-5 | 0 | 4@00) | 9(90) | 0(0) { 0(0) | 0@ [ 1(10) | 1(100)
5-14 | 0(0) |6(85.71) | 8(72.73) |2 (66.67)] 0(0) |1(14.28)|3(27.27)| 1(33.3)
>14 | 000) {1(33.33)| 6(60) | 0(0) | 0(0) [2(66.67) 4(40) | 1(100)
1(33.33)|13 (76.47)|32 (76.19)(3 (42.86)|2 (66.67)|4 (23.53){10(23.81)] 4 (57.14)
total 45 (76.27) 14(23.73)
49(71.01) 20(28.99)
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IV. The relationship between phenobarbital serum level and side
effects. |

Phenobarbital blood levels and side ‘effects of patients in
each age grbup are shown in table 11.1 to 11.4. The side effects
which were found in twenty-nine patients (42.03%) from this study
included hyperactivity , sedative, ataxia, and aggressive. These side
effects were ecither found from the OPD card (n = 17) or by
interviewing from the parents and patients (n = 30). Mean phenobarbital
serum concentrations of each age group were ranged from 18.80 to
3031 pg/ml. '

Table 12 showed the relationship between side effects and
phenobarbital serum level for the patients in each aged group. Younger
patients (1 month - 3 years) showed side effects even when their
phenobarbital serum level were less than 10 pg/ml. Older patients
showed higher incidences of side effects when their phenobarbital serum

concentration were higher . than 20 pg/ml



Table 11.1 : Incidence of side effects and their correspondent
phenobarbital biood level found for patients age

group 1 month to 3 years.

From| From
Patient Number Side effect oPD Cobs * (ug/ml)
Card| parent
1 Hyperactivity | / / 21.65
3 Hyperactivity | - | / 8.40
4 Sedative / / 7.25
27 Hyperactivity / / 21.35
28 Hyperactivity - / 21.80
32 Sedative - / 32.32
mean 18.80
n=6 n=0 n=3{ n=6 n=

Cobs = Observed concentration




Table 11.2 : Incidence of side effects and their correspondent

phenobarbital blood level found for patients age

group 3 to 5 years

From| From
Patient Number |  Side effect  |OPD Cobs * (ug/ml)

Card] parent
29 Hyperactivity | / | / 20.95
19 _ Hyperactivity - / 23.35
22 Sedative / / 20.86

Ataxia
(only first time)

23 Hyperactivity - / 16.65
24 Hyperactivity | / / 19.75
26 Hyperactivity / / 20.85
30 Hyperactivity / / 19.45
mean 20.26
n= n= n= n=7 n=7

* Cobs = Observed concentration




Table 113 : Incidence of side effects and their correspondent
phenobarbital blood level found for patients age

group 5 to 14 years

From| From
Patient Number Side effect OPD Cobs * (pg/ml)
Card| parent |
36 Hyperactivity - / 25.60
37 Hyperactivity / / 26.45
38 Hyperactivity / / 29.55
40 Hyperactivity - / 35.95
41 Hyperactvity | / | / 20.95
43 Hyperactivity - { 15.75
45 Hyperactivity / / 47.47
46 Sedative - / 41.50
49 Sedative / / 39.05
Aggressive / /
48 Hyperactivity / / 20.80
mean 3031
n=10 n=11 n=7 [ n=10 n=10

* Cobs = Qbserved concentration




Table 114 : Incidence of side effects and their correspondent

phenobarbital blood level found for patients age

group >14 years
From| From
Patient Number |  Side effect  |OPD Cobs * (Mg/ml)
Card| parent |
47 Aggressive - / 24.95
57 Hyperactivity - / 26.90
59 -Sedative / / 27.55
60 Sedative - / 23.10
61 Aggressive / / 28.45
64 Sedative - / 18.25
mean 24.87
n=6 n=6 n=2| n= n=6

Cobs = Observed concentration




Table 12 : Incidences of side effects in relation to phenobarbital therapeutic

range for patients in each age group.

Age group number of patients in each serum level Total
(year) <10 pg/mi |10-20 pg/mi|20-40 pg/ml] >40 pg/mi
'n(%) n(%) n(%) n(%) n (%)

1 month-3 | 2(66.67) 00) 4(36.36) 00 | 6(31.6)
3-5 o0) 3(75) 4(40.0) o0 | 7467
5-14 0(0) 1(14.28) | 7(63.64) | 2(66.67) | 10(47.62)
>14 0(0) 1(33.33) | 5(50) o0) | 6(42.86)
Total 266.7) | 5(29:41) | 20(47.62) | 2(28.57) | 29(42.03)

n (%) 25(42.37)

number of patients in each serum level of each age group




Nineteen patients r_cportcd the incidence of hyperactivity , eight
patients experienced sedative. Three patients reported aggressive and one patient
felt ataxia but only for a very short period. Table 13 showed the percentage of
various types of side effects found in each range of phenobarbital serum levels.
Hyperadtivity was the side effect found most frequently in this study (n=19). At
higher serum level, there was no higher incidence of hyperactivity. The same
was true for sedative side effect, the highest percentage of sedative incidence was
found when the serum levels were less than 10 Llg/ml while among the
patients with serum level higher than 40 |lg/mi only 14.3% reported sedative side
effect. Aggressive was found in 3 patients with seram level ranged 20-40 Llg/ml.
Even though aggressive tend to happen more often with higher concentration ,
but the number of patients with concentration higher than 40 [lg/ml were too
few. Therefore ,no relation between any type of side effects and
phenobarbital serum level could be concluded.

Table 14 showed the percentage of incidences of each type of
side effects in each age group. Higher percentage of side effect were-
reported for the older children as compared to the 1 month to 3 years age
group up to the peak at the age group of 5 to 14 years and then
markedly dropped down for the patients with the age higher than 14 years
old. The incidences of hyperactivity were reported ta be highest for the 3
to 5 years age group patients only one patient in the age group > 14
years complained about hyperactivity and not even one patient with the age
higher than 15 years complain_cd about this side effect. However , the
" incidence of sedative seem to be higher in the adult group (21.48% in
patients age >14 years). Aggressive was found in one patient in the age
group 5 - 14 years which the patient was 13 years old, and was found in
two patients whose age was higher than 14 years. Therefore this side

effect was found only in patients who were older than 12 years old.
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Table 13 : Incidences of different types of phenobarbital side effects

in relation to the therapeutic range.

number of side effect in each serum level Total
Type of <10 pg/ml | 10-20pg/ml |20-40 pg/ml| >40 pg/ml
Side effect N=3 N=17 N=42 N= N=69
n (Po)** n (%)** n (%y** n(%)** n (%)
| Hyperactive 1(33.3) 4(23.53) | 13(30.95) 1(14.3) | 19(27.54)
 Sedative 1(33.3) 1(5.88) 5(11.90) 1(14.3) | 8(11.59)
Ataxia o0 0(0) 1* 2.4) 0(0) 1(1.45)
Aggressive 0(0) (1)) 3* (7.14) 0(0) 3(4.35)
Total 2(66.7) 5(29.41) 22* 2(28.6) 31*
n (%) 20(47.62) =29(42.29)
2™
25(42.37)
P = number of side effect incidences in each serum level X 100

number of the patients in each serum level

* More than one side effects ‘were occured in the same patient



"

Table 14 : Incidences of different types of phenobarbital side effects

in relation to the age.

Age group Type of side effect Total
(year) Hyperactivity| Sedative Ataxia | Aggressive
1 n@* | a@** | n@* | a@®* | 2%
1 month - 3 4 (21.1) 2(10.5) 0(0) 0(0) 6(31.6)
3-5 6(40.0) 1(6.7) 1*(6.7) 0 8(46.7)
. 5-14 8(38.10) 2(9.52) 0(0) 1*(4.76) { 11(52.38)
>14 1(7.14) 3(21.48) 00 2%(14.28) | 6(42.86)
Total 19 8 1 3 31+
n (%)

%*

*k G =

More than one side effects were occured in the same patient

number of side effect incidences in each age group x_lOO

number of patients in each age group
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Figure 2 showed relationship between side effect incidences and
age of the patients. The hyperactivity side effect was found to be normally
distributed. Peak berccntage was found during age 3-14 years. In éhildren
the incidence of sedative was not varied much with age, but after the
patients were 14 years, the incidences trend to be higher than in young
children.

Figure 3 showed relationship between side effect incidences aﬁd
phenobarbital serum level. The side effect incidences were not higher when
the serum level were higher indicated that most of the side effects

occurred were not blood level dependent.
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