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Abstract

Objective—To examine the impact of validation and temporal resolution on estimation of hCG
increase as patients’ hCG values are not obtained at precise daily increments, or always in the
same laboratory

Design—This study was a retrospective cohort study of women presenting with non-
diagnosed, symptomatic first trimester pregnancies who had serial hCG levels over time.

Setting—Not applicable

Patients—171 women presenting between September 2007 and February 2010 with first
trimester pregnancy pain and/or bleeding for whom a normal intrauterine pregnancy was
ultimately confirmed.

Interventions—None

Main Outcome Measure(s)—Serial hCG values, time period between hCG measurements,
hCG rise

Results—After data verification, 118 subjects contributing 327 values met inclusion criteria
and passed data verification for analysis with improved temporal precision. The more precise data
showed a steeper hCG rise, and the predicted 2 day hCG increase at the 15t percentile was slightly
faster (1.68 vs. 1.56) than the “raw” clinical data and previous models.

Conclusions—Data verification and improved temporal precision suggested a faster hCG
increase in early intrauterine gestation than previously demonstrated. As laboratory variation and
temporal imprecision are common, these data demonstrate that current modeling of the expected
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rise of hCG in a normal gestation is valid and appropriately conservative in the determination of a
non-viable gestation. No change in the minimal threshold for potential viability is recommended.
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INTRODUCTION

Serial measures of serum human chorionic gonadotropin (hCG) are routinely used to
evaluate the viability of a symptomatic early pregnancy, thereby guiding practitioners on the
proper course of management. Of essential importance is characterizing the natural trend of
the hCG rise in the first trimester. Several studies have characterized the rise of hCG in both
normal and abnormal pregnancies before the age at which ultrasound may be used for
definitive diagnosis of a viable intrauterine pregnancy (1-7). These studies established a
threshold “minimal rise” above which pregnancies can be expectantly managed and below
which pregnancies may be deemed “abnormal’” and either surgically or medically treated.

The slowest, minimal rise for a normal viable intrauterine pregnancy was a 53% rise over 2
days (using a 15t percentile cut-off) (4, 5). However, others studies have shown that using a
minimal rise as low as 35% in 2 days may lead to the misclassification of a number of
normal pregnancies as nonviable (8). For these studies, the precise timing of the serum hCG
collection was not known, and for modeling purposes, the time between serial assessments
was rounded to day (24 hour) increments. Given the clinical importance of accurate
calculation of the relative rise in serum hCG, we aimed to establish that the current method
of quantifying follow-up time was valid and did not introduce systematic bias. This study
examined the impact of using more precise follow-up times (hours rather than days) on the
characterization of normal serial hCG curves in patients displaying pelvic or abdominal pain
and/or vaginal bleeding with early viable gestations. The purpose of this study was to
provide insight as to whether clinical management needs to be amended if patients do not
get hCG values precisely 48 hours apart, or if hCG values are evaluated at different
laboratories.

MATERIAL AND METHODS

In this study we generated a model of hCG increase using similar techniques to our initial
publication (4), but in a new population sample. We assessed how the model differed when
the data in the clinical database were validated with medical records, with and without
inclusion of values from outside laboratories, and when the time period between hCG
measurements used actual hours rather than measurement times rounded to whole days. This
study was approved by the Institutional Review Board of the University of Pennsylvania and
every study patient gave informed consent.

The Hospital of the University of Pennsylvania maintains a clinical database which tracks all
patients presenting to the emergency department with a symptomatic first-trimester
pregnancy, at risk for miscarriage or ectopic pregnancy, who are not diagnosed at their initial
visit. Data were extracted from this database for women who presented between September
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2007 and February 2010 with pelvic or abdominal pain and/or vaginal bleeding. A non-
diagnostic initial evaluation was defined by a history of a positive serum hCG and an
ultrasound with no evidence of an intrauterine or extrauterine gestational sac (9).

Women were included in the review if they had at least two hCG values between one and
seven days apart with the first value being greater than 5 mlU/mL, a known final definitive
diagnosis of intrauterine pregnancy (including a gestational sac with either a yolk sac or fetal
pole documented by ultrasound), and all of their care received at the University of
Pennsylvania. HCG values were only included if they had a corresponding date of laboratory
draw and were less than or equal to 10,000 mIU/mL. Serum hCG concentrations were
determined using the Abbot Axsym total beta immunoassay (Abbot Laboratories, Abbot
Park, IL, USA), and results are expressed as mlU/mL, using the third International
Reference Preparation. Serial hCG values were excluded from review if the date of draw
occurred after the date of definitive diagnosis. Women whose hCG values recorded in the
clinical database met the inclusion/exclusion criteria were identified by birthdate and
medical record number. The full list of laboratory values for each patient was queried in the
electronic medical records (EMR) system (Medview, HealthSlide, Knoxville, TN) for the
University of Pennsylvania that contains laboratory data for each of its three hospitals.
Serum hCG values as recorded in the clinical database were searched for and identified in
the electronic medical record (EMR). After assessment of accuracy of the value as recorded
in the computerized database, the time of the hCG serum collection as reported in the EMR
was recorded.

For each woman, an hCG profile was constructed for hCG values drawn between the date of
initial presentation and the date of definitive diagnosis as reported in the clinical database
and the EMR. For all analyses, time was measured as days from the date of initial hCG value
to the date and time of a given laboratory draw as reported in the clinical database or EMR.
For modeling, hCG values were transformed to a natural log scale, In(hCG), in order to
better approximate a normal distribution while reducing the influence of large values.
Longitudinal analyses were conducted using linear random effects techniques. These
methods estimate a population average curve by aggregating estimated hCG profiles from
each individual subject. Application of these models accounts for the correlation in repeated
measures of hCG contributed by each subject and allows for variation in the number and
timing of observations (10). Both linear and quadratic effects for time were considered as
well as random linear and quadratic slopes. Model fit was assessed using Akaike
information criteria (11). The most parsimonious model included a fixed effect for linear
time and a random intercept.

An essential component of the internal validation process was to assess the accuracy of the
data reported in the clinical database used to model the hCG curves. Internal validation was
achieved by comparing both the date of draw and the hCG quantity. If a discrepancy in
either the date of collection or the hCG quantity existed between the clinical database and
the EMR, the study data record was adjusted to reflect the EMR data and the data value was
annotated in the record as such. Data values that appeared in the EMR and occurred between
the date of initial visit and the date of definitive diagnosis but were not originally entered
into the clinical database by the practitioner were annotated and included in the analysis.
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Furthermore, hCG values for patient records that could not be found in the EMR could not
be validated and therefore were annotated and analyzed separately.

Population average estimates of slope, standard errors, and upper and lower 95% confidence
bounds for the rate of increase in In(hCG) were estimated from the multivariate linear
regression model that assumes a normal distribution for In(hCG). Primary data management
and analyses, including regression modeling were conducted using STATA version 11.2
(StataCorp LP, College Station, TX, USA). The relative rise in serum hCG concentration for
a 1 day change in hCG was calculated as the exp{slope}, a 2 day relative rise as
exp{2*slope}. Confidence bounds for the relative rise were derived by exponentiation of
corresponding bounds for the slope. We present 1 day, 2 day, 4 day, and 7 day slope and
relative rise along with 15t, 5t 10t and 50t percentile estimates of viable intrauterine
pregnancies. These estimates along with 95% confidence intervals for the relative rises were
estimated by a boot strap resampling of the original cohort size 1000 times.

In order to characterize the independent impact of improved temporal precision, slopes and
predicted rise were compared between validated data analyzed with day-precision to
validated data analyzed with hour-precision, and histograms displaying the frequency of
time-variable adjustment from conversion to hour-precision were generated. In order to
characterize the independent impact of data validation, slopes and predicted rise were
compared between non-validated and validated data, both analyzed by day-precision.
Measures of the types of discrepancy between the EMR and the clinical database were
tabulated, and paired t-tests comparing slopes after adjusting for error types were performed.
Furthermore, the date and time adjustments that occurred through the EMR validation
process were characterized by compiling frequency histograms for the day-of-the-week of
laboratory draw as well as the quantified hour-correction (by subtracting the non-validated
integer number of follow-up days from the validated follow-up time in fractional days and
multiplying by 24 hours) for each laboratory draw in 6-hour buckets.

RESULTS

A total of 1702 patients from the clinical database were screened for eligibility. After
applying the inclusion criteria, 171 women with a median of 3 (range 2 to 8) hCG values
remained. This set of patients was characterized by a mean (SD) age of 27.1 (6.8) years,
median gravida 2 (range 0-8), and median parity 1 (range 0-5). There were 43 Caucasians,
106 African Americans, 22 unknown race, and no Hispanics. The geometric mean of the
initial hCG value was 403 mIU/mL. The subset of 120 patients (70.2%) who were certain of
the date of their last menstrual period presented at a mean (SD) of 35.3 (11.0) days
gestation.

After data validation, a median of 3 (range 2 to 6) hCG values from 118 patients were
available for analysis. Of the 481 original hCG values, 168 (34.9% of hCG values affecting
34.5% of patients) were unverifiable (assays performed at an outside laboratory) and
therefore excluded from the EMR analyses. An additional 20 values (4.2% of hCG values
affecting 11.7% of patients) were corrected for either the date or the hCG level, and an
additional 35 measurements (affecting 11.1% of patients) which met inclusion criteria were
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added to the EMR analyses. The laboratory values validated in the electronic medical record
were all processed by a single in-hospital laboratory, with a consistent and known reference
standard.

Curves to estimate the rate of change in hCG over time were generated. A representation of
the individual curves based on clinical data is presented in Figure 1. Linear random effects
regression models with best fit line and 95% CI, were calculated in three ways where the
time variable was either A) an integer number of days since initial presentation in the “raw”
clinical data, B) days after validation by the EMR, and C) resolution to the hour (for the data
validated with the EMR) (Figures 2a, 2b, and 2c respectively). The estimated slope (average
hCG increase per 1 day or 24 hours) and 95% CI for the A) raw clinical data, B) validated
EMR data, and C) validated EMR data with resolution to the hour demonstrated a faster rise
of hCG as the data were validated and temporal resolution increased: A) 0.394 (0.377—
0.412), B) 0.404 (0.385-0.424), and C) 0.406 (0.387-0.424) mlU/mL/day respectively.
Comparison of these slopes showed them to not be significantly different from each other
(p-values = (A vs B) 0.07, (A vs C) 0.05, and (B vs C) 0.41).

The predicted relative increases in serum hCG concentration from baseline at the 15t, 5%,
10t™, and 50t percentiles over one to seven days are shown in Table 1. The 50t percentile at
2 days or 48 hours reflects the median anticipated relative rise in serum hCG concentration
and was 2.23, 2.25, and 2.22 for raw clinical data, validated EMR data, and validated EMR
data with improved temporal resolution respectively. The 15t percentile, of which all but two
patients exceeded in this study, reflects the slowest anticipated relative rise in serum hCG
concentration for a normal intrauterine pregnancy; this value, at 2 days or 48 hours, was
1.48, 1.51, and 1.53 for the analyses above, respectively. In aggregate, there is a strong trend
to a faster expected rise of hCG over time as the data were validated and temporal resolution
increased. The relative rise in serum hCG for the 15! percentile generated by these three
analyses are plotted simultaneously in Figure 3.

The change in frequency of laboratory draws by day-of-the-week in going from non-
validated to validated data, respectively, was as follows: Sunday 12.7% to 13.8%, Monday
18.5% to 19.0%, Tuesday 14.4% to 14.1%, Wednesday 15.4% to 15.6%, Thursday 14.4% to
14.4%, Friday 15.8% to 14.0%, Saturday 8.9% to 9.2%. In quantifying the adjustment in the
conversion to hourly precision, it is seen that 73.7% of un-refined follow-up times fell within
6 hours of the refined follow-up time (i.e. nearly 74% of follow-up times labeled as ‘2-days’
in previous analyses actually fell within 6 hours of ‘48 hours’), and 93.3% fell within 12
hours. There was no apparent bias, such that time was not consistently overestimated or
underestimated, when data were resolved from day to hour.

DISSCUSSION

The studies that have established a threshold “minimal rise” for growing intrauterine
pregnancies were derived more than a decade ago from changes in hCG concentration in 287
women ultimately found to have an visualized intrauterine pregnancy using ultrasound (4).
These data were used to calculate percentiles of expected hCG increments at 1 to 7 days
from baseline. The use of these data to aid the diagnosis of women at risk for early
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pregnancy loss has been validated twice (4, 8), however, in both cases, diagnosis based on
hCG curves was neither 100% sensitive nor 100% specific. It is unclear whether the
uncertainty in diagnosis stems partly from variation in hCG patterns due to artifacts of
clinical practice, e.g. time resolved to the day rather than to the hour, or due to hCG being
assayed at different laboratories. In other words, is the evaluation of the normal rise of hCG
in an intrauterine pregnancy affected by the variation introduced by normal limitations of
clinical care, and should it be modified?

The present study suggested that both validating the serum hCG data examined in previous
studies of symptomatic early pregnancies and improving the resolution of follow-up time (to
hour rather than day precision) both have an impact on the serum hCG trends. Specifically,
this study demonstrates that the natural rise in serum hCG in normal pregnancies may be
faster than previously reported (4). The hCG curve originally modeled may have
“underestimated” the rate at which hCG grows over time. This is likely due to the variability
introduced by rounding of time points, human error in transcription of data, or use of outside
laboratories. This “bias towards the null” is well documented for linear models with
covariate measurement error (12). However, it is desirable in clinical practice to have
conservative estimates of the normal limits of hCG increase so as not to interrupt a potential
growing pregnancy. Therefore, based on the data presented in this manuscript, the curves
generated in 2004 (4) are valid as a clinical aid, and no change in clinical care is
recommended.

The study cohort evaluated here was similar to that examined in our previous study (4) of
early hCG trends, with the exception of being slightly older (mean 27.1 versus 23.6 years),
of younger average gestational age (35.3 vs. 38 days since LMP), and with a smaller
proportion of African Americans (62% vs. 87%). The younger gestational age observed here
placed the hCG data more comfortably within the range of 39 days gestational age in which
the linear model provides the best fit (13).

Data validation in the current study had three components. A small proportion of the
observed hCG values needed the date or value revised after validation against the EMR and
another small group of patients had additional data contained in the electronic medical
record that was not included in the clinical database used to follow women at risk for an
ectopic pregnancy. The original clinical database included data from multiple laboratories
using variable reference standards that were not controlled for in previous models of hCG
trends in early pregnancy(14). Though the validated data offers less external generalizability,
since in clinical practice pregnant women often visit multiple laboratories for their serum
collections, removing the one-third of un-validated hCG values reduced the amount of
random error inherent in the data set (attributable to the use of a single laboratory with a
consistent reference standard). Precision was then further increased by assessing hCG curves
in the validated data using the actual time of the serum hCG value instead of rounding the
item to the day of phlebotomy. As validation and precision increased, the slope of hCG
change was noted to be steeper and the 15t percentile of hCG change (i.e. the minimal
expected normal rise) was noted to be higher.
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Importantly, the differences in hCG patterns over time in these data compared to our
previous work were small and likely not clinically significant. It is often helpful for
practitioners to know the slowest possible rise in serum hCG in viable early gestations, so as
to have a minimum threshold for being concerned about an abnormal pregnancy (8, 15). The
validation of the 15t percentile, or slowest, predicted hCG rise observed here suggested the
possibility that a more aggressive threshold could be adopted (i.e. a faster rise should be
considered the limit of “normal”). However, no large population studies have been
performed yet to characterize the raw number of patients who fall under this threshold and
go on to have normal intrauterine pregnancies. Clinicians are cautioned against using more
aggressive (“faster”) thresholds until more rigorous population studies can be performed, as
the risk of intervening on normal, healthy pregnancies too soon is too great. It is clinically
prudent to be conservative in the determination of a non-viable gestation when patients are
not always evaluated at the same laboratory, or at exact 24 or 48 hour intervals.
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Days Since Initial hCG (Hour Resolution)

Figure 1.
Individual trendlines of hCG rise over time: (temporal resolution by hour)
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Figure 2b
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Figure 2.

a. Scatter Plot, best linear fit (so/id /ine) and 95% confidence interval (dashed lines) of In
hCG rise derived from “raw” data from clinical database (day resolution).

b. Scatter Plot, best linear fit (solid line) and 95% confidence interval (dashed lines) of In
hCG rise derived from validated data from EMR (temporal resolution by day).

c. Scatter Plot, best linear fit (so/id /ine) and 95% confidence interval (dashed lines) of In
hCG rise derived from validated data from EMR (temporal resolution by hour).
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Relative rise in serum hCG for the 15t percentile of patients (the slowest predicted increase

for women with a normal intrauterine pregnancy). Blue line is hCG rise with raw data, green
line is hCG rise with data validation and red line is hCG rise with data validation and
improved temporal precision.
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