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Abstract
Objectives: To construct normal ranges for embryonic
crown-rump length (CRL), heart rate (HR), gestational sac di-
ameter (GSD) and yolk sac diameter (YSD) at 6-10 weeks of
gestation. Methods: We examined 4,698 singleton pregnan-
cies with ultrasound measurements of CRL, HR, GSD and YSD
at 6-10 weeks and CRL at 11-13 weeks resulting in the live
birth after 36 weeks of phenotypically normal neonates with
birth weight above the 5th centile. Gestational age was de-
rived from CRL at the 11- to 13-week scan using the formula
of Robinson and Fleming. Regression analysis was used to
establish normal ranges of CRL, fetal HR, GSD and YSD with
gestation, and fetal HR, GSD and YSD with CRL. Results: At
6-10 weeks there were significant quadratic associations be-
tween CRL, GSD, YSD and gestation and between HR, GSD,
YSD and CRL, and a cubic association between HR and gesta-
tion. The estimated gestation from CRL was the same as that
of Robinson and Fleming for a CRL of 10.2-36.5 mm, but the
formula of Robinson and Fleming underestimated the gesta-
tion by 1 day for a CRL 7.4-10.2 mm and this increased to 9
days for a CRL of 1 mm. Conclusion: This study established
normal ranges for early pregnancy biometry.

Copyright © 2010 S. Karger AG, Basel

Introduction

The measurements of embryonic length and heart rate
(HR) and those of the gestational sac diameter (GSD) and
yolk sac diameter (YSD) have been used for assessment of
gestational age (GA) and prediction of adverse pregnancy
outcome, such as miscarriage. Studies reporting normal
ranges for these measurements with gestation have essen-
tially derived their data from the examination of preg-
nancies in women with regular menstrual cycles and
known date of the last menstrual period (LMP). However,
in 15-45% of pregnancies, women are uncertain of their
LMP, they have irregular menstrual cycles or they be-
came pregnant soon after stopping the oral contraceptive
pill [1, 2]. Additionally, because of considerable variations
in the day of ovulation, in approximately 15% of women
with certain dates and regular 28-day cycles, there is a
discrepancy of more than 7 days in gestation calculated
from the menstrual history and by ultrasound [3, 4]. For
these reasons, accurate dating of pregnancy necessitates
ultrasonographic measurement of the embryonic or fetal
crown-rump length (CRL), and the most commonly rec-
ommended formula of estimating gestation from CRL is
that of Robinson and Fleming [5-8]. Although the origi-
nal formula was derived in 1975 from a study of 334 sin-
gleton pregnancies in women with regular menstrual cy-
cles and certain LMP, several subsequent studies have
generally confirmed the accuracy of the prediction [9-
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Fig. 1. Ultrasound pictures illustrating the
measurement of embryonic length. In
pregnancies at less than 7 weeks of gesta-
tion, the embryonic crown and rump can-
not be visualised and therefore the great-
est length of the embryo is measured (left,
3 mm). From 7 weeks onwards CRL is
measured in a sagittal section of the em-
bryo with care being taken to avoid inclu-
sion of the yolk sac (middle, 14 mm; right,
25 mm).

Fig. 2. Ultrasound pictures illustrating the
measurement of GSD in embryos with
CRL of 2 mm (left) and 25 mm (right). The
callipers are placed at the inner edges of
the trophoblast.

27]. Some studies, however, have suggested that in preg-
nancies below 8 weeks, the measurement of CRL under-
estimates the GA [17, 25]. Studies reporting reference
ranges for embryonic HR, GSD or YSD have examined
small numbers of either spontaneously conceived preg-
nancies in women with certain LMP or in vitro fertilisa-
tion pregnancies and reported their values either in rela-
tion to GA or embryonic CRL [14, 18, 26, 28-49].

The aim of this study of 4,698 singleton pregnancies
with normal outcome is to construct normal ranges for
CRL, HR, GSD and YSD at 6-10 weeks of gestation. In
these pregnancies, GA was derived from the measure-
ment of fetal CRL at 11-13 weeks of gestation.

Materials and Methods

In our hospital there is an early pregnancy unit (EPU) which is
freely accessible to pregnant women in our area. On arrival the
demographic data and obstetric history are recorded in the EPU
database and an ultrasound scan is carried out. The menstrual
cycle and date of the LMP are recorded and classified as a regular
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cycle of 26-30 days with certain LMP, regular-uncertain, irregu-
lar-certain, unknown and conception within 3 cycles since a recent
pregnancy or stopping the contraceptive pill. The indications for
attending the EPU are classified as vaginal bleeding, abdominal
pain, anxiety because of previous miscarriages or ectopic pregnan-
cies, and pregnancy dating. The objectives of the ultrasound scan,
which are performed by appropriately trained doctors, include the
diagnosis of an intrauterine or extrauterine pregnancy and, where
appropriate, recording of the number of live or dead embryos and
measurement of embryonic CRL, HR, GSD, and YSD.

In pregnancies at less than 7 weeks of gestation, the embry-
onic crown and rump cannot be visualised and therefore the CRL
was measured as the greatest length of the embryo (fig. 1). From
7 weeks onwards, the CRL was measured in a sagittal section of
the embryo with care being taken to avoid inclusion of the yolk
sac [50]. The HR was calculated as beats per minute by the soft-
ware of the ultrasound machine after measurement by electronic
callipers of the distance between two heart waves on a frozen M-
mode image [28]. The GSD was calculated as the average of 3 per-
pendicular diameters with the callipers placed at the inner edges
of the trophoblast (fig. 2) [49]. YSD was calculated as the average
of 3 perpendicular diameters with the callipers placed at the cen-
tre of the yolk sac wall (fig. 3) [43].

In our hospital we routinely offer an ultrasound scan at 11-13
weeks in the fetal medicine unit (FMU) as part of the 1st trimester
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Fig. 3. Ultrasound pictures illustrating the
measurement of YSD in embryos with
CRL of 8 mm (left) and 22 mm (right). The
callipers are placed at the centre of the yolk
sac wall.

Table 1. GA, ultrasound scan parameters and maternal character-
istics in the study population

GA and ultrasound scan parameters

GA, days 54 (50-61)
CRL, mm 13.0 (8.4-19.5)
Embryonic HR, bpm 155 (132-169)
Mean GSD, mm 26.0 (20.7-32.7)
YSD, mm 4.1 (3.7-4.7)

Maternal characteristics
Maternal age, years
Maternal BMI

Racial origin

31.3 (26.4-35.5)
23.2 (21.2-26.9)

White, n (%) 2,764 (58.8)
Black, n (%) 1,516 (32.3)
South Asian, n (%) 166 (3.5)
East Asian, n (%) 67 (1.5)
Mixed, n (%) 185 (3.9)
Nulliparous, n (%) 2,450 (52.1)
Cigarette smoker, n (%) 388 (8.3)
Conception
Spontaneous, n (%) 4,599 (97.9)
Assisted, n (%) 99 (2.1)

Unless otherwise indicated, values are medians (interquartile
ranges).

screening for chromosomal and other major fetal abnormalities,
and the findings are recorded in the FMU database. The scan in-
cludes measurement of the fetal CRL. Data on pregnancy out-
come are collected from the hospital maternity records or the gen-
eral medical practitioners of the women and are then recorded in
the FMU database.

We merged the EPU and FMU databases and searched the
combined database to identify women fulfilling the following cri-
teria: (1) scan in the EPU demonstrating a singleton pregnancy

Normal Ranges in Early Pregnancy

with a live embryo and measurements of embryonic CRL, HR,
GSD and YSD; (2) scan in the FMU demonstrating a singleton
pregnancy with a live fetus, no major defects and measurement of
fetal CRL; and (3) live birth after 36 completed weeks of gestation
of a phenotypically normal neonate with birth weight above the
5th centile for GA [51].

In all pregnancies fulfilling the entry criteria, GA at the visits
to the EPU and FMU and at delivery were calculated from the
formula of Robinson and Fleming using the fetal CRL at the FMU
visit [7].

Statistical Analysis

Descriptive data are presented as medians (interquartile rang-
es) for continuous variables and number (percentage) for categor-
ical variables. Square root (sqrt) transformation was applied to the
measured CRL, FHR, GSD and YSD. Linear regression analysis
was used, firstly, to determine the association of CRL, FHR, GSD
and YSD with GA and to establish the normal ranges with GA,
and, secondly, to determine the inter-relationship between GA,
FHR, GSD and YSD with CRL and to establish the normal ranges
with CRL. In summary, for each ultrasonographic measurement,
polynomial regression models, either quadratic or cubic, were fit-
ted separately to the mean and standard deviation (SD) as func-
tions of GA or CRL. The 5th and 95th centiles were calculated as
the mean * 1.645 SD, with the value of 1.645 derived from the
theoretical normal distribution.

The statistical software package SPSS 15.0 (SPSS Inc., Chicago,
I11., USA) was used for the data analyses.

Results

The data search identified 4,698 patients fulfilling the
entry criteria. The patients were examined in the EPU
between December 2002 and May 2009, and the indica-
tions for attending the EPU were vaginal bleeding in
1,515 (32.3%) cases, abdominal pain in 1,142 (24.3%),
anxiety because of previous miscarriages or ectopic preg-
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Fig. 4. Relationship between GA and em-
bryonic CRL (left) and between embryon- 20 J
ic CRL and GA (right; median, 95th and [ : : : : —_—
5th centiles). The interrupted line on the 0 10 20 30 40 40 45 50 55 60 65 70 75
left is the median value derived from the CRL (mm) Gestation (days)

formula by Robinson and Fleming [7].
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Fig. 5. Relationship between embryonic 40 45 50 55 60 65 70 75 0 10 20 30 40
HR and GA (left) and embryonic CRL Gestation (days) CRL (mm)
(right; median, 95th and 5th centiles).

nancies in 1,355 (28.8%), and pregnancy dating in 686
(14.6%). Details of maternal characteristics and ultra-
sound findings in the EPU are shown in table 1.

CRL versus Gestation

There was a significant quadratic association between
GA and CRL (fig. 4, table 2): expected GA = 39.811963
(SE = 0.122316) + 1.155896 (SE = 0.017045) X CRL -
0.006429 (SE =0.000519) x CRL?R?*=0.916,SD =2.084,
p <0.0001.

There was a significant quadratic association between
CRL and GA (fig. 4, table 3): expected sqrt CRL =

210 Fetal Diagn Ther 2010;28:207-219

-6.662367 (SE = 0.233173) + 0.246741 (SE = 0.008481) X
GA - 0.001046 (SE = 0.000076) X GAZ?; R?=0.909, SD =
0.299, p < 0.0001.

Embryonic HR versus Gestation

There was a significant cubic association between HR
and GA (fig. 5, table 2): expected sqrt HR = 26.617171
(SE = 2.368948) — 1.090044 (SE = 0.130018) X GA +
0.026235 (SE = 0.002356) X GAZ? - 0.000184 (SE =
0.000014) X GA3 R?=0.743, SD = 0.467, p < 0.0001.

There was a significant quadratic association between
HR and CRL (fig. 5, table 3): expected sqrt HR = 9.654134
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(left) and embryonic CRL (right; median,

Gestation (days)
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Fig. 7. Relationship between YSD and GA 40 45 50

(left) and embryonic CRL (right; median,
95th and 5th centiles).

Gestation (days)

55 60 65 70 75 0 10 20 30 40
CRL (mm)

(SE = 0.026480) + 0.278977 (SE = 0.003668) X CRL -
0.005519 (SE = 0.000111) X CRL?; R?=10.773, SD = 0.439,
p < 0.0001.

Mean GSD versus Gestation

There was a significant quadratic association between
GSD and GA (fig. 6, table 2): expected sqrt GSD =
-2.612095 (SE = 0.368632) + 0.188464 (SE = 0.013425) X
GA - 0.000836 (SE = 0.000121) X GA% R?=0.693,SD =
0.459, p < 0.0001.

There was a significant quadratic association between
GSD and CRL (fig. 6, table 3): expected sqrt GSD =

Normal Ranges in Early Pregnancy

3.438705 (SE = 0.026845) + 0.151436 (SE = 0.003758) X
CRL - 0.001763 (SE = 0.000115) x CRL?* R? = 0.707,
SD = 0.447, p < 0.0001.

YSD versus Gestation

There was a significant quadratic association between
YSD and GA (fig. 7, table 2): expected sqrt YSD =0.785479
(SE = 0.118913) + 0.031223 (SE = 0.004337) X GA -
0.000148 (SE = 0.000039) X GAZ?; R?=0.351, SD = 0.143,
p <0.0001.

There was a significant quadratic association between
YSD and CRL (fig. 7, table 3): expected sqrt YSD = 1.772616

Fetal Diagn Ther 2010;28:207-219 211



Table 2. Relationship between GA and embryonic CRL, embryonic HR, mean GSD and mean YSD

Gestation ~CRL, mm Embryonic HR, bpm GSD, mm YSD, mm

TR 50th  5th  95th 50th  5th 95th 50th  5th 95th 50th  5th  95th
40 24 1.1 41 105 90 121 12.9 80 189 32 24 41
41 2.9 1.4 48 108 92 124 13.8 87 199 33 25 42
42 3.4 1.9 5.5 111 95 127 14.7 94 210 34 26 43
43 41 23 6.3 114 98 131 156 102 221 34 26 44
44 47 2.8 7.1 117 101 134 165 109 232 35 27 44
45 5.4 3.4 7.9 120 104 138 174 117 243 36 27 45
46 6.1 3.9 8.8 124 107 141 184 125 254 36 28 46
47 6.9 45 9.7 127 11 145 193 133 266 37 29 47
48 7.7 52 106 131 114 149 203 141 277 38 29 47
49 8.5 59 116 135 117 153 213 149 288 38 30 48
50 9.4 66 126 138 121 157 23 157 300 39 30 49
51 10.2 73 136 142 124 161 233 166 311 40 3.1 5.0
52 11.2 81 147 146 128 165 243 174 323 40 31 5.0
53 12.1 89 157 149 131 168 253 183 334 41 32 51
54 13.0 97 168 153 134 172 263 191 346 42 33 52
55 140 106  17.9 156 137 176 273 200 358 42 33 52
56 150 114  19.1 159 140 179 283 208 369 43 34 53
57 160 123 202 162 143 182 293 217 381 43 34 54
58 171 132 214 165 146 185 303 226 392 44 35 54
59 181 142 225 167 148 188 313 234 404 45 35 55
60 191 151 237 169 150 190 323 243 415 45 36 56
61 202 160 249 171 152 192 333 252 426 46 36 56
62 213 170 261 173 153 193 343 260 437 46 37 57
63 24 180 273 174 154 194 353 269 449 47 37 58
64 235 189 285 174 154 195 363 278 460 47 38 58
65 246 199 297 174 154 195 373 286 471 48 38 59
66 257 209 309 174 154 195 382 295 482 48 39 59
67 268 219 321 173 153 194 392 303 492 49 39 60
68 279 229 333 171 152 192 402 312 503 49 40 60
69 290 239 345 169 150 190 411 320 514 50 40 61
70 30.1 249 357 167 147 187 420 328 524 50 40 62
71 312 259 369 163 144 183 430 336 534 5.1 41 6.2
72 323 269 381 159 141 179 439 344 544 51 41 6.3
73 333 279 393 155 136 174 448 352 554 52 42 63
74 344 289 404 150 131 169 456 360 564 52 42 64
75 355 299 416 144 126 163 465 368 574 53 42 64

(SE = 0.008804) + 0.024340 (SE = 0.001236) X CRL -
0.000304 (SE = 0.000038) x CRL% R? = 0.358, SD =
0.142, p < 0.0001.

Discrepancy between CRL and Menstrual Dates in the

Calculation of GA

The menstrual cycle and LMP as recorded in the EPU
database were unknown in 340 (7.2%) of the 4,698 cases.
There were 2,703 (57.5%) cases with a regular cycle and
certain LMP, 571 (12.2%) with a regular cycle but uncer-
tain LMP, 517 (11.0%) with an irregular cycle but certain

212 Fetal Diagn Ther 2010;28:207-219

LMP, and 567 (12.1%) where conception occurred within
3 cycles since a recent pregnancy or stopping the contra-
ceptive pill.

The frequency distribution of the discrepancy in ges-
tational days at the visit to EPU between the gestation
calculated from the LMP and that calculated from the
CRL in our new formula is illustrated in figure 8. The
discrepancy was 7 days or more in 334 (12.4%) of the
2,703 cases with a regular cycle and certain LMP, 202
(35.4%) of the 571 with a regular cycle but uncertain
LMP, 240 (46.4%) of the 517 with an irregular cycle but
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Table 3. Relationship between embryonic CRL and GA, embryonic HR, mean GSD and YSD

CRL Gestation, days Embryonic HR, bpm GSD, mm YSD, mm
mm 50th  5th  95th 50th  5th 95th 50th  5th 95th 50th  5th  95th
1 41 38 44 99 85 113 12.9 8.1 18.7 32 24 41
2 4 39 46 104 90 119 13.9 9.0 20.0 3.3 25 42
3 43 40 47 109 94 125 15.0 9.9 21.3 34 26 43
4 44 41 48 114 99 130 16.1 10.8 226 35 27 44
5 45 4 49 119 104 135 17.2 11.7 239 3.6 27 45
6 47 43 50 124 108 140 18.4 12.6 252 3.6 28 46
7 48 44 51 129 113 145 19.5 135 26.5 3.7 29 47
8 49 45 52 133 117 150 20.6 145 27.8 3.8 29 48
9 50 46 53 137 121 155 21.7 15.4 29.1 3.9 30 48
10 51 47 54 141 125 159 228 16.3 30.4 3.9 3.1 49
11 52 48 55 145 128 163 23.9 17.3 31.7 40 3.1 5.0
12 53 49 56 149 132 167 25.0 18.2 329 41 32 5.1
13 54 50 57 152 135 171 26.1 19.1 342 42 3.3 52
14 55 51 58 156 138 174 272 20.0 354 42 3.3 52
15 56 52 59 159 141 177 28.2 21.0 36.6 43 34 53
16 57 53 60 161 144 180 29.3 21.9 37.8 43 34 54
17 58 54 61 164 146 183 30.3 227 389 44 35 5.4
18 59 55 62 166 148 185 31.3 23.6 40.1 45 3.5 5.5
19 59 56 63 168 150 187 323 24.4 412 45 3.6 5.6
20 60 57 64 170 151 189 332 25.3 422 46 36 5.6
21 61 58 65 171 153 190 34.1 26.1 433 46 3.7 5.7
22 62 59 66 172 154 192 35.0 26.8 443 47 3.7 5.7
23 63 60 66 173 154 192 359 27.6 452 47 3.8 5.8
24 64 60 67 173 155 193 36.7 28.3 462 48 3.8 5.8
25 65 61 68 174 155 193 375 29.0 47.0 48 3.8 5.9
26 66 62 69 174 155 193 382 29.7 479 48 3.9 5.9
27 66 63 70 173 155 193 39.0 30.3 487 49 3.9 6.0
28 67 64 71 173 154 192 39.6 30.9 495 49 3.9 6.0
29 68 64 71 172 153 191 403 315 50.2 49 40 6.0
30 69 65 72 170 152 190 40.9 32.0 50.8 50 40 6.1
31 69 66 73 169 151 188 415 325 51.5 50 40 6.1
32 70 67 74 167 149 186 42.0 33.0 52.1 50 40 6.1
33 71 68 74 165 147 184 425 334 52.6 50 40 6.1
34 72 68 75 163 145 182 429 33.8 53.1 5.1 41 6.2
35 72 69 76 160 142 179 433 34.1 53.5 5.1 41 62
36 73 70 77 157 140 176 436 344 53.9 5.1 41 62
37 74 70 77 154 137 173 439 347 54.2 5.1 41 62
38 74 71 78 151 134 169 442 349 54,5 5.1 41 62
39 75 72 79 147 130 165 44.4 35.1 54.7 5.1 41 62
40 76 72 79 144 127 161 44.6 353 54.9 5.1 41 62

certain LMP, and 178 (31.4%) of the 567 where concep-
tion occurred within 3 cycles since a recent pregnancy or
stopping the contraceptive pill. The respective percent-
ages for discrepancy of 5 days or more were 23.9, 47.5,

57.8 and 43.6%.

Normal Ranges in Early Pregnancy

Comparison of Gestation from CRL by the Formula

of Robinson and Fleming and the Formula from this

Study

The GAs derived from embryonic CRL using the 2 for-
mulas are plotted in figure 9. In the 3,003 cases with CRL
of 10.2-36.5 mm, the estimated gestation by the 2 formu-
las was the same. In the 785 cases with CRL 7.4-10.2 mm,
the estimated gestation from Robinson and Fleming was

Fetal Diagn Ther 2010;28:207-219 213



Fig. 8. Frequency distribution of the dis-
crepancy in gestational days between the
gestation calculated from the first day of
the LMP and that calculated from CRL in
our new formula. White histograms = reg-
ular cycle and certain LMP; black histo-
grams = irregular cycle, uncertain LMP or
conception within 3 cycles since a recent
pregnancy or stopping the contraceptive

pill.
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Table 4. Relationship between GA and embryonic CRL in previous reports and in our study

Author Gestation n Inclusion criteria Gestation (days) according to CRL
sk 2mm 10mm 20mm 30 mm
Dating from regular cycles
Robinson and Fleming, 1975 [7] 6-14 314 no information about outcome 35 49 60 69
Drumm et al., 1976 [9] 6-14 253 no bleeding - 48 60 68
Bovicelli et al., 1981 [10] 7-13 237 no information about outcome - - 59 69
Nelson, 1981 [11] 7-17 83 normal live birth - - 63 69
Pedersen, 1982 [12] 6-14 101 normal live birth - 49 60 68
Hadlock et al., 1992 [13] 5-18 416 normal scan 40 50 60 69
Grisolia et al., 1993 [14] 5-12 248 normal live birth - 49 60 69
Verburg et al., 2008 [15] <17 3,760 normal live birth - 53 60 70
McLennan and Schluter, 2008 [16] 5-14 396 normal live birth 37 49 60 68
Assisted reproduction
MacGregor et al., 1987 [17] 7-13 72 no information about outcome - 54 61 69
Rossavik et al., 1988 [18] 7-12 19 no information about outcome - 55 61 67
Vollebergh et al., 1989 [19] 6-13 47 normal live birth 42 55 60 71
Silva et al., 1990 [20] 5-12 36 normal live birth 42 51 60 69
Koornstra et al., 1990 [21] 6-13 128 normal live birth - 50 60 67
Evans, 1991 [22] 8-11 33 normal live birth - 53 61 71
Lasser et al., 1993 [23] 6-10 144 normal live birth 41 51 61 69
Daya, 1993 [24] 6-14 94 no information about outcome 43 51 61 69
Guirgis et al.,, 1993 [25] 6-13 224 normal live birth - 53 63 69
Wisser et al., 1994 [26] 5-14 139 normal live birth 40 51 61 70
Coulam et al.,1996 [27] 5-8 361 normal live birth 37 52 - -
This study 6-10 4,698 normal live birth 42 51 60 69
214 Fetal Diagn Ther 2010;28:207-219 Papaioannou/Syngelaki/Poon/Ross/
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Fig. 9. Difference in GA according to em-

oo

bryonic CRL derived from the formula by { T T T | | | | \
Robinson and Fleming [7] and the formula 0 5 10 15 20 25 30 35
from this study. At low CRL the formula CRL (mm)

by Robinson and Fleming underestimates

GA.

Table 5. Relationship between embryonic HR and embryonic CRL or GA in previous reports and in our study

Author Gestation  n Inclusion criteria HR (bpm) according to CRL
k
WeeKs 2 mm 10 mm 20mm 30 mm
Schats et al., 1990 [28]" 5-8 45 normal scan at 13 weeks 95 135 - -
Achiron et al., 1991 [29] 6-11 580 normal scan at 13 weeks - 146 170 171
Yapar et al., 1995 [30] 6-13 1,331 no information about outcome 106 139 175 175
Falco et al., 1996 [31] 6-13 105 normal scan at 20 weeks 116 128 140 147
Britten et al., 1994 [32]! 5-8 361 normal live birth 98 152 - -
Coulam et al., 1996 [27] ! 5-8 361 normal live birth 105 140 - -
Tannirandorn et al., 2000 [33] 5-14 547 normal live birth 134 155 177 177
Makrydimas et al., 2003 [34] 6-10 619 normal live birth 108 147 173 174
This study 6-10 4,698 normal live birth 102 135 170 171
HR (bpm) according to gestation
42 days 49 days 56 days 63 days
Robinson and Shaw-Dunn, 1973 [35] 6-15 97 no information about outcome - 132 158 177
Merchiers et al., 1991 [36] 5-12 141 normal scan at 13 weeks 98 126 155 163
Tezuka et al., 1991 [37] 5-8 133 normal scan at 13 weeks 112 132 161 -
Wisser and Dirscheld, 1994 [38]! 5-14 160 normal live birth 102 130 158 169
Yapar et al., 1995 [30] 6-13 1,331 no information about outcome 116 140 168 179
Tannirandorn et al., 2000 [33] 5-14 547 normal live birth 141 155 165 172
This study 6-10 4,698 normal live birth 108 131 156 173
!In vitro fertilisation study.
Normal Ranges in Early Pregnancy Fetal Diagn Ther 2010;28:207-219 215




Table 6. Relationship between YSD and embryonic CRL or GA in previous reports and in our study

Author Gestation n Inclusion criteria Measurement YSD (mm) according to CRL
G 2mm  10mm 20mm 30 mm
Lindsay et al., 1992 [39] 6-10 357 normal at 6-12 weeks  in-to-in 2.3 2.9 3.6 4.4
Kiigiik et al., 1999 [40] 6-10 219  normal at 12 weeks in-to-in 2.1 2.7 3.6 -
Makrydimas et al., 2003 [34]  6-10 619  normal live birth no information 4.4 5.0 5.7 6.4
This study 6-10 4,698  normal live birth middle-to-middle 3.2 4.0 4.6 5.0
YSD (mm) according to gestation
42 days 49 days 56 days 63 days
Crooij et al., 1982 [41] 6-12 100  no exclusion no information 3.0 4.1 4.8 5.1
Reece et al., 1988 [42] 6-12 77  normal live birth no information - - 4.4 4.1
Jauniaux et al., 1991 [43] 5-12 145  normal live birth middle-to-middle 3.0 4.0 4.7 5.2
Lindsay et al., 1992 [39] 6-10 357 normal at 6-12 weeks  in-to-in 2.4 2.9 3.1 3.4
Grisolia et al., 1993 [14] 5-12 248  normal live birth no information 4.2 4.6 4.8 5.0
Stampone et al., 1996 [44] 5-11 117  normal live birth in-to-in 3.6 4.1 4.5 4.8
Cepni et al., 1997 [45] 6-11 110  normal at 6-12 weeks  out-to-out 4.5 4.7 5.2 5.4
Kiigiik et al., 1999 [40] 6-10 219  normal at 12 weeks in-to-in 2.1 2.5 3.1 3.6
Blaas et al., 1998 [46] 7-12 29  normal live birth middle-to-middle - 4.2 4.3 4.8
This study 6-10 4,698  normal live birth middle-to-middle 3.3 3.8 4.2 4.6
Table 7. Relationship between GSD and embryonic CRL or GA in previous reports and in our study
Author Gestation n Inclusion criteria GSD (mm) according to CRL
weeks 2 mm 10mm 20mm 30 mm
Bromley et al., 1991 [47] 6-10 52 normal at 6-10 week 13 24 34 42
Makrydimas et al., 2003 [34] 6-10 619 normal live birth 15 22 31 40
This study 6-10 4,698 normal live birth 14 23 33 41
GSD (mm) according to gestation
42 days 49 days 56days 63 days
Helman et al., 1969 [48] 5-13 103 no info about follow-up 17 24 31 38
Rossavik et al., 1988 [18]' 7-12 19 no info about follow-up 12 19 26 33
Goldstein et al., 1991 [49] 5-12 137 no info about follow-up 14 26 29 33
Grisolia et al., 1993 [14] 5-12 248 normal live birth 16 23 29 35
Coulam et al., 1996 [27]! 5-8 235 normal live birth 14 23 - -
This study 6-10 4,698 normal live birth 15 21 28 35

!'In vitro fertilisation study

1 day less than by our formula. For lower CRL, the dis-
crepancy between the 2 formulas increased exponential-
ly with decreasing CRL from 2 days for CRL of 5.6-7.4
mm to 9 days for CRL of 1 mm.

Comparison of Reference Ranges with Previous

Studies

A literature search of PubMed was carried out to iden-
tify all previous studies that constructed reference rang-
es of embryonic CRL with GA and embryonic HR, GSD
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and YSD with CRL or gestation. The results of these
studies are summarized and compared with our findings
in tables 4-7.

Discussion

This study of a large number of pregnancies with well-
documented normal outcomes has established normal
ranges for CRL, HR, GSD and YSD at 6-10 weeks of ges-
tation. The study has confirmed that in a high proportion
of women, the use of LMP cannot be used for assessment
of GA because of irregular menstrual cycles, uncertain
LMP or conception within 3 months of a previous preg-
nancy or stopping the contraceptive pill. Even in women
with regular cycles and certain LMP, there was a discrep-
ancy in the gestation calculated from the LMP and CRL
of more than 5 days in one fourth of the cases. These re-
sults provide further support for the recommendation
that pregnancy dating should be based on CRL rather
than LMP [5]. Similarly, they emphasize the need to rely
on the CRL for establishing GA-related normal ranges for
HR, GSD and YSD.

In this study we chose to include only pregnancies
with a normal outcome and to establish normal rather
than reference ranges because, firstly, a high proportion
of pregnancies attending an EPU result in miscarriage
and, secondly, several studies reported that several preg-
nancy complications are associated with abnormal mea-
surements of HR, GSD and YSD [52-55].

The relation between CRL and GA in this and previous
studies is similar to that of the report by Robinson and
Fleming except for CRL below 10 mm where their formu-
la underestimates gestation. Our findings are similar to
those in previous reports examining pregnancies con-
ceived by in vitro fertilisation [19, 20, 23, 24, 26]. Although
this underestimate is only 1 day for CRL 7.4-10.2 mm, it
increases exponentially for lower CRL and reaches 9 days
for CRL of 1 mm. A possible explanation for the discrep-
ancy between the 2 formulas is the very low number of
cases with low CRL examined by Robinson and Fleming,
which was 15 for CRL below 10 mm and none below
5 mm. In our study, we examined more than 1,500 and
400 pregnancies with CRL below 10 and 5 mm, respec-
tively. In addition, in all cases we used high frequency
transvaginal ultrasound compared to the transabdominal
static approach used by Robinson and Fleming that is like-
ly to be less accurate when the CRL is very small.

The embryonic HR increased with gestation from a
mean of about 110 bpm at 6 weeks to a maximum of about

Normal Ranges in Early Pregnancy

175 bpm at 9 weeks and decreased thereafter. The early
increase in HR coincides with the morphological devel-
opment of the heart, and the subsequent decrease may be
the result of functional maturation of the parasympathet-
ic system [35, 38, 56]. This decrease continues throughout
pregnancy and during the first 10 years of postnatal life
[57]. Possible explanations for discrepancies between our
findings and those of previous reports include different
methods of pregnancy dating and the small number of
cases, especially in very early gestation, in the previous
studies.

In normal pregnancy, the gestational sac appears dur-
ing the 5th gestational week. The yolk sac appears 5-6
days later and lies in the coelomic cavity which occupies
the whole gestational sac before the appearance of the
embryo [43, 58]. The mean YSD and GSD when the em-
bryo first appears at 6 weeks of gestation are about 3 and
10 mm, respectively. The YSD and GSD increase with
gestation, but at between 10 and 12 weeks the yolk sac de-
grades [43]. Discrepancies between studies in the report-
ed YSD with gestation may be accounted for by differ-
ences in the method of measurement. In general, the YSD
was lower when the calipers were placed at the inner edg-
es rather than the middle or outer edges of the yolk sac
wall. We chose to use the middle because the thickness of
the yolk sac wall may vary with the use of image com-
pounding, harmonics and gain setting, resulting in sys-
tematic under- or overestimation of YSD when the mea-
surements are taken in-to-in or out-to-out. Our findings
on GSD are similar to those of the largest and most recent
of the previous studies [14, 27, 34, 47, 49].

This study involving a large number of normal preg-
nancies established normal ranges for early pregnancy bi-
ometry. The measurements of CRL can be used for preg-
nancy dating and those of HR, GSD and YSD for further
research to investigate their possible role in the prediction
of miscarriage and other pregnancy complications.
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