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ABSTRACT
This research aimed to determine the efficacy of Head Circumference (HC) by ultrasound in estimating the Gestational Age (GA) compared

to GA by Naegele’s rule using Last m enstrual period (LMP) date. Materials and Methods: This was a prospective observational study of women with
a normal spontaneously conceived viable singleton pregnancy, a regular menstrual cycle, and spontaneous onset of labor at term. The LMP was
considered certain in all cases. We used ultrasound to scan 2067 fetuses (894 healthy women) and we had 1553 Head circumference (HC)
measurements. Data were collected prospectively and used for statistical analysis. We used Descriptive Statistics to calculate the Mean, Standard
Deviation (SD), Median and Percentiles values (3rd, 5th, 10th, 50th, 90th, 95th, and 97th) for HC measurements on gestational age. We found a
regression equation to estimate the GA using HC measurements. The results of the current study were compared with different studies using the Paired
Differences (t-test analysis). These results can be useful in women who cannot recall their last menstrual period (LMP). Our criteria will provide useful

references for estimating gestational age and fetal care. A larger study might be needed to include a larger sample of the population.
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INTRODUCTION
Monitoring fetal growth and assessing the growth predictors

has an important role in the care of pregnant women. Accurate
estimation of GA gestational age and Fetal Weight (FW) are clinically
important. Ultrasound is useful as an accurate method for estimating
Gestational Age (GA). Different embryonic measurements can be used
to date pregnancy. Accurate estimation of GA is important in for
normal and pathological pregnancies management. (1, 2, 3) We used
HC to predict the GA in pregnant women reviewing ALTAWLID
Hospital. Up to our Knowledge, this study is the first of its kind in
Syria %2,

MATERIALS AND METHODS
Study design: This study is a prospective descriptive longitudinal

population study.

Setting: ALTAWLID University Hospital.

Description of populations and variables: All the participants were
pregnant women representing a specific geographic region from

Damascus and its suburbs, who reviewed the hospital either to confirm
pregnancy or for following up. 51% (455/894) of all participants were
between 22-30 years old and most of them were housewives of a low
socioeconomic status.

Inclusion criteria

Voluntary participation with informed consent.

A correct, accurate and reliable patient’s knowledge of the first day
of the LMP.

Regular menstrual cycles (at least three previous regular menses).
Singular alive normal fetus with a gestational age between 13-41
weeks.

Spontaneous labor by full term pregnancy (259-293 days/37-41
weeks).

Exclusion criteria: Women who have one of the following:

Uncertainty of the LMP date.
Irregular menstrual cycles.

Journal of medical pharmaceutical and allied sciences, Volume 7 — Issue 1, 0163, January-February 2018, Pages — 615 — 614 615



DOI: 10.55522/jmpas.v7i1.0163

Multi-gestation or fetal demise.

Oral contraceptive use (OCP) or any recent hormonal treatment (3-4
months) before current pregnancy.

Pregnancy during lactation.

History of previous abortion or recent delivery preceding the current
pregnancy.

Diagnosis of fetal malformations during examination or after birth.
Presence of any medical or obstetric complication with known effect
on fetal growth.

Smoking or drug addiction.

HC measures taken after week 41 of pregnancy.

Pregnancies that ended in abortion, preterm or post-term deliveries.
Date of delivery (vaginal or cesarean section) is inaccurate.

Malpositioned deliveries.
Ultrasound examination: An ultrasound examination was

made for 894 pregnant women (2067 fetuses) who were selected
according to the previously explained inclusion and exclusion criteria
and reviewed the hospital between January 2017 and August 2017 to
determine gestational age by measuring different fetal parameters (in
this study HC). We had 1553 HC measurements -1,

Statistical analysis methods
The regression model of the HC was used to determine the

GA and in order to choose the best regression model we used the: 1-
Coefficient of Determination (r?) and the adjusted Coefficient of
Determination (?‘r) and chose the one with the higher value. 2-The
standard error (Std.Error) of both methods and chose the one least
value. 3-Durbin-Watson Test and chose the one that gives a value
close to the Std. Error. 4- The significance of regression model by
doing an analysis of variance. 5- The significance of the regression
model constants’ (parameters) using T test. 6- Estimating the SD of the
GA using the HC regression model. Paired — Samples T-TEST were
done to test each method accuracy [,

RESULTS AND DISCUSSION
Growth chart of the HC measurements of Table 1 (mm)

showing the Percentile Values and Standard deviation (SD) during 11-
42 weeks of pregnancy.

The Embryonic Parameters have several applications in
clinical practice such as estimating the gestational age, fetal weight, and
fetal growth. In this study, we presented Growth Charts & Tables with
the (3rd, 5th, 10th, 50th, 90th, 95th, and 97th) Percentile Values and the
standard deviation of HC during the concordant pregnancy periods. We
set a regression model equation that can be used to estimate the
expected GA using HC measurements (mm). This equation was
statistically significant (P <0.001). A strong correlation was found
between the dependent variable (GA) and the independent variable
(HC). We presented charts and tables to estimate GA (weeks) from HC
measurements (mm). We found a third-degree polynomial regression
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equation (p<0.001) that we can use to obtain the expected GA from HC
measurements (mm).
The Adjusted Coefficient of Determination (r)? °F the

regression model of GA (weeks)
using HC measurements (mm) was 0.98. The coefficient of

determination is greater than 0.75 (75%), therefore, the correlation
between the dependent variable Y line (GA) and the independent
variable X line (HC) is very strong (Figure 2).

The Mean Sum of Squares of regression deviations of the
GA regression model using (HC) was 36737.6 and this value is
significant at P <0.001.

The standard error of the Estimate (Std.Error) for the GA
regression model (using HC measurements) was 1.35 (Figure 2). This
value represents the effect of many factors that were not included in
the regression model which affect the dependent variable Y line (GA).
(Figure 2).

Figure 2 shows the expected GA (weeks) using HC
measurements (mm). Based on the regression model, we also
demonstrated the expected GA, the lower and upper limits of the
confidence interval (Table 2).

The standard deviation (SD) of estimated the GA (weeks)
from the actual GA using HC measurements (mm) were (0.8,1.0,,,1.3
1.6,

1.7) weeks when the GA were (12-18, 18- 24, 24-30, 30-36, 36-
42), respectively.

(Table 3)

We compared this study to many similar studies such as
Kawin Kankeow, J. Kurmana vicious, ASUM, Hadlock, and PJ
Schluter. We compared the correlation coefficient, the mean, standard
deviation, standard Error, lower and upper limits of the confidence
interval (95% Confidence Interval of the Difference), the T value, the
degree of freedom df, P value and Statistical Significance.
The comparison results were: the correlation coefficients values
were strong (0.9986, 0.9996, 0.9988, 0.99, 0.9996) and significant

(0.000, 0.000, 0.000, 000, 0.000) between
this study and the compared studies (Kawin Kankeow,

Altman & Chitty, ASUM, PJ Schluter, Hadlock, respectively (P
<0.001) (Table 4). The mean difference in the HC measurements (mm)
using the Paired-Samples T-TEST between this study and the
compared studies was (-4.18, -0.54, -3.85, 1.74, -0.95) mm,
respectively according to GA (weeks). The negative values indicates
that the values of the compared studies were higher. There is
statistical significance (P <0.001) between the current study and all
the compared studies except PJ Schluter and Altman & Chitty. (Table
5, Figure 3) [,
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Figure: 1
HC (mm)
Standard Deviation SD GA (weeks)
%97 %95 %090 %50 %10 %5 %03
55.3 60.7 60.3 59.8 58.0 56.2 55.7 553 11
62.6 834 82.1 80.1 73.0 65.9 63.9 62.6 12
70.0 99.3 975 94.7 84.7 74.6 718 70.0 13
78.8 1175 1151 1113 98.1 84.9 812 78.8 14
100.2 132.6 1305 1274 1164 1054 102.2 100.2 15
105.2 139.6 1375 1341 1224 110.7 107.3 105.2 16
118.2 1555 153.2 149.6 136.9 1242 120.6 118.2 17
130.6 1705 168.0 164.1 150.6 137.0 133.1 130.6 18
1403 1854 1825 178.2 162.8 1475 1432 1403 19
152.0 200.3 197.2 192.6 176.1 159.7 155.0 152.0 20
161.9 2139 210.6 205.6 187.9 170.2 165.1 161.9 21
1757 223.0 220.0 2154 199.3 183.2 178.6 175.7 22
205.8 230.3 228.7 2264 218.0 209.7 207.3 205.8 23
200.8 240.2 237.7 233.9 220.5 207.0 203.2 200.8 24
207.6 2529 250.0 245.7 230.2 214.8 2104 207.6 25
2229 268.8 265.9 2615 245.8 230.2 225.8 222.9 26
2313 279.0 276.0 2714 255.2 238.9 2343 2313 27
2405 285.7 282.8 278.5 263.1 247.7 2433 240.5 28
246.6 2933 2904 285.9 270.0 254.1 249.6 246.6 29
256.2 3034 300.4 2959 279.8 263.8 259.2 256.2 30
268.5 3053 303.0 2994 286.9 2743 270.8 268.5 31
283.6 319.1 316.9 3134 301.3 289.3 285.8 283.6 32
288.2 3237 3215 3181 306.0 2939 290.4 288.2 33
2894 3318 320.1 325.0 310.6 296.1 292.0 289.4 34
296.3 338.2 3355 3315 317.2 303.0 298.9 296.3 35
3011 3443 3416 3374 322.7 308.0 303.8 301.1 36
3139 348.2 346.0 3427 331.0 3193 316.0 3139 37
3100 350.9 348.3 3444 3305 316.5 3126 310.0 38
316.2 358.8 356.1 352.0 3375 323.0 3189 316.2 39
3248 3574 3553 352.2 3411 330.0 326.9 3248 40
326.2 363.0 360.7 357.1 3446 332.0 3285 326.2 41
334.6 367.5 3654 362.3 351.1 339.9 336.7 3346 42
Figure 1: HC growth chart showing the fitted Percentile Values (39, 5™, 10%, 50%, 90, 95%, 97) of the HC and GA
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Figure 2: Predicted GA (weeks) using HC measurements (mm). Each point represents one fetus result.
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Table 2: Expected GA (weeks) using the HC measurements (mm) and the lower and upper limits of both the 95% Prediction Limits and the 95% Confidence
Limits based on the regression model

95%Confidence Limits 95% Prediction Limits

iUpper Limit Lower Limit Upper Limit Lower Limit GA (weeks) HC (mm)
110 9.9 131 7.7 10.4 40
113 10.3 135 8.1 108 45
115 10.6 138 8.4 11 50
118 11.0 141 8.7 114 55
121 114 144 9.0 117 60
124 11.7 147 94 120 65
127 12.1 150 9.7 124 70
129 12.4 154 10.0 127 75
132 12.8 15.7 104 130 80
135 13.1 16.0 10.7 133 85
139 135 16.3 110 137 90
142 13.8 16.7 113 140 95
145 14.2 17.0 117 143 100
148 145 173 120 147 105
152 14.9 177 123 150 110
155 15.2 180 127 153 115
158 15.6 183 130 15.7 120
16.2 15.9 187 134 16.0 125
165 16.3 19.0 137 16.4 130
169 16.6 194 141 16.7 135
172 17.0 19.8 144 171 140
176 17.3 201 14.8 175 145
18.0 17.7 205 15.2 178 150
183 18.1 209 15.6 182 155
187 185 213 159 186 160
191 18.9 216 16.3 190 165
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195 19.2 220 16.7 194 170
199 19.6 224 171 19.8 175
203 20.1 22.8 175 20.2 180
20.7 20.5 23.3 179 20.6 185
211 20.9 23.7 184 21.0 190
216 21.3 24.1 18.8 214 195
22.0 21.8 245 19.2 219 200
224 22.2 25.0 19.7 22.3 205
95%Confidence Limits 95% Prediction Limits Yi Xi

’ A k HC (mm
Upper Limit Lower Limit Upper Limit Lower Limit CA (weeks) C (mm)
229 22.7 25.4 20.1 22.8 210
234 23.1 259 20.6 232 215
238 23.6 264 211 23.7 220
253 25.1 279 225 25.2 235
24.3 24.1 26.9 215 24.2 225
24.8 24.6 273 220 24.7 230
253 25.1 279 225 25.2 235
258 25.6 284 230 25.7 240
26.3 26.1 289 236 26.2 245
269 26.6 294 241 26.8 250
274 27.2 30.0 24.7 27.3 255
28.0 27.7 305 25.2 279 260
28,6 28.3 311 25.8 284 265
29.1 28.9 317 26.4 29.0 270
29.7 29.5 323 26.9 29.6 275
30.3 30.1 329 276 30.2 280
30.9 30.7 335 28.2 30.8 285
31.6 31.4 34.1 28.8 315 290
32.2 32.0 34.8 295 321 295
329 32.7 354 30.1 32.8 300
335 33.3 36.1 30.8 334 305
34.2 34.0 36.8 315 34.1 310
34.9 34.7 375 32.2 34.8 315
35.7 35.5 38.2 329 35.6 320
36.4 36.2 389 33.6 36.3 325
37.2 36.9 39.7 344 37.0 330
37.9 37.7 405 35.1 37.8 335
38.7 38.4 41.2 35.9 38.6 340
39.5 39.2 420 36.7 394 345
404 40.0 429 375 40.2 350
41.2 40.8 43.7 384 41.0 355
421 41.6 445 39.2 41.9 360
43.0 42.5 454 40.1 427 365
95% Confidence Limits 95% Prediction Limits i X

Upper limit Lower limit Upper limit Lower limit | GA (weeks) HC (mm)
57 53 6.9 4.0 55 5
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5.7 54 7.0 41 55 6
5.8 5.5 71 4.2 5.6 7
5.8 5.6 7.2 4.2 5.7 8
5.9 5.7 72 43 58 9
6.0 5.8 73 44 5.9 10
6.1 5.9 74 45 6.0 11
6.2 6.0 75 46 6.1 12
6.3 6.1 7.6 4.7 6.2 13
6.4 6.2 7.7 4.8 6.3 14
6.5 6.3 7.8 49 6.4 15
6.6 6.4 8.0 5.0 6.5 16
6.7 6.5 8.1 51 6.6 17
6.8 6.6 8.2 53 6.7 18
6.9 6.7 8.3 54 6.8 19
7.1 6.9 84 5.5 7.0 20
7.2 7.0 8.5 5.6 7.1 21
7.3 71 8.7 57 72 22
74 7.2 8.8 5.9 7.3 23
76 74 89 6.0 75 24
7.7 75 9.1 6.1 7.6 25
7.8 7.6 9.2 6.3 7.7 26
8.0 7.8 9.3 6.4 7.9 27
8.1 79 95 6.5 8.0 28
8.2 8.1 9.6 6.7 8.1 29
84 8.2 9.8 6.8 8.3 30
85 8.3 9.9 7.0 84 31
95% Confidence Limits 95% Prediction Limits i >
Upper limit Lower limit Upper limit Lower limit | GA (weeks) HC (mm)
8.7 8.5 10.0 7.1 8.6 32
8.8 8.6 10.2 7.3 8.7 33
9.0 8.8 10.3 74 8.9 34
9.1 8.9 105 7.6 9.0 35
9.3 9.1 10.6 7.7 9.2 36
94 9.2 108 79 9.3 37
9.6 94 109 8.0 9.5 38
9.7 95 111 82 9.6 39
9.9 9.7 112 83 9.8 40
10.0 9.8 114 85 9.9 41
10.2 10.0 115 8.6 10.1 42
10.3 10.1 11.7 8.8 10.2 43
105 10.3 118 8.9 10.4 44
10.6 104 12.0 9.1 10.5 45
10.8 10.6 121 9.2 10.7 46
10.9 10.7 123 94 10.8 47
111 10.8 124 95 11.0 48
11.2 110 126 9.7 111 49
114 111 12.7 9.8 11.3 50
115 11.3 129 10.0 114 51
11.7 114 13.0 10.1 11.6 52
11.8 116 132 10.2 11.7 53
12.0 117 133 104 11.9 54
121 11.8 135 10.5 12.0 55
12.3 12.0 136 10.7 12.1 56
124 121 137 10.8 12.3 57
12.6 12.3 139 11.0 124 58
95% Confidence Limits 95% Prediction Limits " Xi
Upper limit Lower limit Upper limit Lower limit | GA (weeks) HC (mm)

12.7 124 14.0 11.1 12.6 59
12.9 125 14.2 11.2 12.7 60
13.0 12.7 143 114 12.8 61
131 12.8 144 115 13.0 62
13.3 12.9 146 11.6 13.1 63
134 13.0 14.7 11.7 13.2 64
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135 132 148 119 133 65
136 133 149 12.0 135 66
138 134 15.1 12.1 13.6 67
139 135 15.2 12.2 13.7 68
14.0 136 153 12.3 138 69
14.1 13.7 154 125 13.9 70
14.3 138 155 12.6 14.0 71
144 139 156 12.7 14.1 72
145 14.0 15.7 12.8 14.2 73
146 14.1 15.8 12.9 14.3 74
14.7 14.2 159 13.0 14.4 75
14.8 14.2 16.0 13.0 14.5 76
14.9 143 16.1 131 14.6 77
15.0 144 16.2 13.2 14.7 78
151 144 16.3 13.3 14.8 79
15.2 145 16.4 134 14.9 80
153 145 16.4 134 14.9 81
154 146 165 135 15.0 82
155 146 16.6 135 151 83
156 146 16.7 13.6 15.1 84
15.7 14.7 16.7 13.6 15.2 85
95% Confidence Limits 95% Prediction Limits i i
Upper limit Lower limit Upper limit Lower limit | GA (weeks) HC (mm)
15.8 14.7 16.8 13.7 15.2 86
159 14.7 16.9 13.7 153 87
16.0 14.7 16.9 13.7 15.3 88
16.0 14.7 17.0 13.7 153 89
16.1 146 17.0 13.7 154 90
Table 3: Standard Deviation (SD) of estimated the GA (weeks)
Standard Deviation GA (weeks)
0.8 18 - 12
1.0 24 -18
13 30-24
1.6 36 -30
1.7 42 — 36
Table 4: Comparison between our study and reference studies:
Correlation .
N 0 Sig.
Present Study& Kawin Kankeow ° 27 0.9986 0.000
Present Study& (Altman & Chitty)>*° 31 0.9996 0.000
Present Study& ASUM * 31 0.9988 0.000
Present Study& PJ Schluter et al 25 0.9975 0.000
Present Study& Hadlock et al ®"® 29 0.9996 0.000
Table 5: Comparison of Paired Differences between our study and reference studies about predicting the GA (weeks) using HC (mm)
Paired Differences
95% Confidence
Statistical Interval of the
: Difference Std. Error/ Std. .
significant Sig Df t - M Comparison
Y Upper Lower Mean|  Deviation ean
Yes 0.003 26 | 3.33- | 1.60- 6.77- 1.26 6.53 4.18- Present Study& Kawin Kankeow
No 0301 30 | 1.05- 051 1.59- 0.52 2.87 0.54- Present Study& (Altman & Chitty)
Yes 0.000 30 | 460- | 2.17- 5.52- 082 456 3.85- Present Study& ASUM
No 0439 24 | 0.79- | 1.54- 3.43- 1.20 6.02 0.95- Present Study&PJ Schluter etal
Yes 0.010 28 | 275 3.03- 0.44 0.63 341 1.74 Present Study&Hadlock et al
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Figure 3: Comparison between GA using HC in our study (red line) and the GA using HC in reference studies (all lines except the red line
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CONCLUSION
Many women do not recall their LMP, and most pregnant

women review the clinic in the first three months of pregnancy; the
estimation of GA is important for follow-up and setting the Expected
delivery date (EDD) for assessing growth during the rest of pregnancy
and predicting the expected date of delivery (EDD). We presented
diagrams and tables for the estimation of GA using HC measurements
in a group of pregnant Syrian women reviewed at ALTAWLID
Hospital according to the inclusion and exclusion criteria stated before.
These results can be useful in women who cannot recall their last
menstrual period (LMP). Our criteria will provide useful references for
estimating gestational age and fetal care. A larger study might be
needed to include a larger sample of the population. We also compared
our results with similar studies abroad, and we found that our results
were lower than those of their counterparts. These results could help
in estimating the gestational age, diagnosing fetuses who are younger
than their GA, and IUGR embryos. Thus, ultrasound may be

more accurate and could replace LMP method.

Recommendations
Emphasise the importance of doing a bigger, more

inclusive study to determine the accuracy of the fetal measurements in
predicting the delivery date 2. Using the HC by ultrasound to
determine the GA, especially in women who cannot recall their
LMP accurately.
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