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SUMMARY

A new methodology for on-line detection of intrauterine growth restriction (IUGR) is proposed where
traditional methods for statistical surveillance are applied. Here, deficient growth rate is used to detect
IUGR instead of the common surrogate measure “small for gestational age” (SGA). Foetal growth is
estimated by repeated measurements of symphysis-fundus (SF) height. At each time point the new
method, based on the Shiryaev-Roberts method, is used to evaluate the growth in SF height. We use
Swedish data to model a normal growth pattern, which is used to evaluate the capability of the new
method to detect IUGR in comparison with a method used in practice today. Results from simulations
indicate that the new method performs considerably better than the method used today. We also
illustrate the effect of some important factors, which influence the detection ability and illuminate the

tendency of the method used today to misclassify SGA cases as IUGR.
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1  INTRODUCTION

IUGR, considered as a sub optimal growth compared with the genetic growth potential in utero', has
for decades been known to substantially contribute to perinatal mortality and morbidity>. An early
detection of IUGR may allow for intensive monitoring during pregnancy and for planning of time and
method of delivery. There are evidence that screening for IUGR can reduce e.g. the risk of perinatal
death and the number of antenatal admissions and caesarean sections for foetal distress.> * There are
also evidence of long-term complications for several organ systems as a result of retarded foetal

growth.’

During a pregnancy foetal growth can be screened by sequential repeated SF heights or ultrasonic
measurements of the foetus.® In contrast to ultrasound the technique to collect SF measurements is
simple and inexpensive and without any side effects. It is thus widely studied as a screening instrument
and used routinely in Scandinavia in antenatal care.” The capability of repeated SF measurements to

detect deviant foetal growth will be treated in the sequel.

The common methodology for detecting IUGR is to identify foetuses suspected to be SGA, i.e. have a
low weight. By successively comparing the SF measurements from a pregnant woman with a reference
curve, SGA is suspected if one or a series of measuréments is below some chosen centile. This method
originates from the work of Westin® and will be referred to as the 'Gravidogram' method. Several
reference curves have been developed®'?, but the Gravidogram method will here be applied as a

general methodology not using any of these particular curves.

The limitations by using SGA as an indicator of IUGR are well-known. A major problem by using
actual weight instead of growth is the risk of misclassification. Among infants classified as SGA there
will be both genetically small but healthy infants as well as growth restricted. Some growth restricted
and potentially ill infants might be classified as average for gestational age and therefore not detected
in time. To reduce the problem of misclassification customised SF reference curves, which include
information on background variables, such as the mothers booking weight, parity and sex of the infant,
have been suggested.”* A major problem with the customised curves is that the sex of the infant is a
crucial predictor of the level of the curve and the sex is normally not known. However, customised
compared to standard curves are an improvement but the key problem remains as long as actual weight

(via actual SF height) instead of growth is used to measure growth restriction.”*

A good indicator of the current growth rate would be the increase in SF height from the previous time

int to the current.'” By using the current growth we can expect less impact from background
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variables since each individual acts as its own control. Furthermore, it seems plausible that the
prognosis of a pregnancy with SF measurements following the 50:th percentile in the reference curve
then drifting down to the 5:th percentile some time points later will differ from a pregnancy with SF
heights remaining stable on the 5:th percentile. Therefore, the growth rate may be a better indicator of
TUGR than the SF height itself.

The question is now how to use growth data optimally to detect IUGR. In a recent study ultrasonic
growth data have been used to detect IUGR by applying the Gravidogram method to conditional
scores.'® However, from the theory of statistical surveillance we know that the use of only the last
observation is generally not effective to detect changes in an observed process.'” Instead all available
observations should be used to improve the ability to detect IUGR. It is thus of interest to develop a

theoretically well-motivated methodology based on the repeated SF measurements.

The paper is organised in the following way. In Section 2 we estimate the normal growth pattern using
data from a previous Swedish study. In Section 3 we discuss the collection of SF data to use for
surveillance. A new way using self-measurements is suggested. We discuss the general framework for
statistical surveillance in Section 4. Here we also present the Gravidogram method in detail and derive
the new SR method. In Section 5 inferential issues of the methods are evaluated using extensive
simulations. In Section 6 we discuss different types of possible improvements of the proposed
surveillance system, both from a theoretical and a practical point of view and give some concluding

remarks.

2 ESTIMATING THE NORMAL GROWTH PATTERN

In this section the aim is to derive a model capturing the essential parts of the growth pattern, which
enables an inferential examination of the surveillance methods in the sequel. To model the normal
growth pattern a data set with repeated SF measurements on 2255 healthy women living in Sweden,
who participated in a multicentre prospective trial on routine ultrasound in the second trimester
between 1986 and 1987, was used.” In the data gestational age, expressed as completed gestational
weeks, was calculated from measurements of ultrasonic biparietal diameter in the second trimester.
Women with miscarriages, induced abortions, multiple pregnancies, pregnancy induced hypertension

or delivery before 37 weeks” of gestation were excluded.

Having repeated measurements on each subject the response variable has two levels of variability:

within and between subjects. Here, genetic differences will cause between-subject variability which



can be expressed in the model as e.g. different intercepts. A genetically small foetus will have a small

value of the intercept while a genetically large foetus will have a large value. For an arbitrary i:th
individual the relation between InSF and gestational age ¢ (measured in completed weeks) can then

be modelled as:
1nSF}(t)=BOi+,BI-t+ﬂ2\/;+e,.(t) ¢

where B, and ¢(f) are independent realisations from the N (,Bo,crﬁo) and the N (O,of)

distributions, respectively. The repeated observations of an individual are further assumed to be
independent over time, i.e. cov(ei(u),ei(v))=0 for u#v. The model in (1) was found to be the
simplest model among the best fitting models using Akaike’s information criterion in a systematic
comparison of models. Both more and less flexible linear and non-linear models were compared

including stochastic slopes and other transformations of the response variable and the covariate. To

emphasise the inferential matters the model in (1) was chosen for its simplicity. The estimates for the

model in (1) were obtained as: f3,=-0.8949, 62 =0.001621, B =-0.08256, f,=12322 and

67 =0.001455.
The growth between successive time points for the i:th individual can easily be found from (1) as:
A@)=InSF@#)-InSF,¢-1)=p, +ﬂ7_(\/;—\/t -D+g@ 2)

where g,(f) =¢,(t)—¢;(t—1). Since each subject now acts as its own control, the individual effect is

eliminated. The index i will be suppressed from here. Successive A values will not be independent

but follow a moving average process of order one. A time sequence of A values will have a variance-

covariance matrix of Toeplitz type; £=(0,>) where o7 =

w w

20 if u=v, 0,}=-0 if [u—v|=1

w

and zero otherwise. However, this time dependency is taken care of in the analysis.

In general, the SF measures can be suspected to be dependent of sex of the infant and maternal
variables such as smoking and parity.'® However, if these effects are assumed to be additive in (1), i.e.
included as a dummy intercept, they will be eliminated in (2). Thus, the background individual effects
are avoided when using A instead of In SF and no customised analysis on maternal variables is then

needed.



3 SAMPLING SCHEME OF THE SYMPHYSIS-FUNDUS MEASUREMENTS

The sampling scheme of the SF measurements is of great importance for the detection ability. The risk
of not measuring the SF height at every time point is the risk of not observing the growth when the
TUGR occurs. In this case we will have a delay in the detection of the JTUGR, which is at least as long
as the time to the next measurement. Normally the SF measurements are not regularly spaced in time.
In general, the time intervals between the measurements are shorter near delivery (every week instead
of every third or fourth as in the beginning of the series). In practice, a fixed schedule can be hard to
follow and in our data set the number of SF measurements differs between individuals from minimom

2 to maximum 17 spread from the 14:th to the 42:nd week of gestation.

However, in this study we will assume a sampling scheme where we collect measurements of SF
every week starting from week 20. To shorten the intervals between measurements without increasing
the number of antenatal visits would be possible if the SF heights are measured by the pregnant
women themselves. A recently published pilot study in England reports positive results of training of
women to measure their own SF heights.”® The study population was found to perform as well as
midwifes. The study was blinded in the way that the women marked the length on a blank tape. The SF
height was then measured from the blank tape using an ordinary measuring-tape. In a coming Swedish
study of self-measurements the women are supposed to take repeated SF measurements at each
occasion (once a week) facilitating estimation of within- and between individual variance. The

measurements will also be compared to the measurements from the routine visits at the health centre.

4  METHODS FOR STATISTICAL SURVEILLANCE

Statistical surveillance (or SPC, statistical process control) was first used in industrial settings by
Shewhart® to control the quality of a manufactured products. The fields of applications have
broadened since and statistical surveillance is now used in several areas. Examples include the

monitoring of foetal heart rate during labour”' and detection of an increased incidence of a disease®.

Statistical surveillance is a sequential decision procedure, where we at each decision time point want to
determine whether the process we observe is in- or out of control. The process is said to be out of
control if it has undergone an important change, which we are interested in. Here we say that the
process is in control if the foetus is growing at the expected rate, while it is out of control if an [IUGR
has occurred. The change occurs at an unknown time point T, and our aim is to detect it as quickly as

possible. Thus, by collecting data sequentially in time we want to discriminate between the two events;



D(s)={r>s}and C(s)={7r < s} where s is the decision time point. To do this we use an alarm

system, which consists of two parts; an alarm statistic, which is a function of the observations up to the
current time point and an alarm limit. The time of an alarm (the indicator that the process is out of

control) is the first time the alarm statistic exceeds the alarm limit.

There are several ways to construct the alarm system depending on the desired features of the system.
The features of the methods are generally evaluated both with respect to false alarms as well as
motivated ones. How to optimally choose the alarm statistic and the alarm limits depend on the process
under study, what is desired to detect and at what time points the highest detection strength is
desirable. These are the same type of questions that arises also in a traditional hypothesis testing
situation, although the time component is not present. However, the sequential decision situation

makes the standard hypothesis testing tools non-applicable.

4.1  The Gravidogram method

The simplest way to construct a surveillance method is to use only the last observation made of the
process to form the alarm statistic. If this observation deviates enough from what is expected, an alarm
is triggered.” In surveillance of foetus growth, this type of surveillance method originates from the
work of Westin® to detect SGA. Today this method is widely used also for the detection of IUGR. The
Gravidogram method is based on the absolute size of the foetus. An alarm is triggered if the current SF
value is below the 2.5:th population-percentile in a chosen reference curve. Note that the current SF
value is an indicator of the total growth until time s and not an indicator of the current growth rate. In

this study, we have modelled InSF(s) in (1) using a longitudinal approach. As our main focus is on

the surveillance methodology (and not in any particular reference curve from the literature), we will
evaluate the Gravidogram methodology using the model in (1) as our reference curve. The time of an

alarm can then be written as

t, = min{s;In SF(s) < G(s)}

where G(s) = E[ln SF(s)]-2(/0,, 2 +0,%) .

In models without any random intercept, properties of surveillance methods which use only the last
observation can generally be derived analytically. However in this case, the random intercept

complicates matters.



4.2  The SR method

In this section, we will derive a new method for the detection of IUGR studied in this paper. It is based
on the Shiryaev-Roberts method® ?* and will be referred to as the SR-method. Many of the commonly
used surveillance methods can be formulated in terms of conditional likelihood-ratios. The optimal
method for minimizing the expected delay (from the event to the detection) of an alarm is the full
likelihood-ratio method. However this method requires an assumption of the distribution of the change
point. Since no reliable prior information about the distribution of the time point at which IUGR
occurs is available, we will instead base our method on the Shiryaev-Roberts method. It can be
regarded as being the full likelihood-ratio method using a non-informative prior for the time of the

change point.

We will base the SR method on A(f). At time points, let A be the vector of observations with
variance-covariance matrix Z_. Let L(s,t") be the (conditional) likelihood-ratio for the case 7=¢'. It

follows that
L(s,tY = fA |7=t)1 f(A, | 7> 5) = exp{[A, — 1, (OVE A, -, (O]-[A, — 1, TE[A, — 1,1}

where g (¢) is the vector of expected values of A, for the case 7=¢' and 4, is the vector of
expected values of A, for the case 7> s. For the SR method, we can specify the out of control state

and thus optimize the method to detect a certain type of JUGR. All conditional likelihoods are then

weighted equally in the alarm statistic together with a constant alarm limit and an alarm is given at
ty=min{s; D L(s,t)>K}.

Note that although the alarm statistic implies that the conditional likelihoods are weighted equal, recent

observations have more weight than old ones which is intuitionally appealing.

A restricted growth (the event to be detected) will correspond to a decrease in the growth rate
compared to the expected one. Here we will optimize the SR method for the case of an IUGR with a
completely stopped growth, see Figure 1. This is usually the result of placental insufficiency secondary

to extrinsic factors such as hypertension and diabetes mellitus.”
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FIGURE 1: The expected growth pattern for a normal growth (solid line) and for the case when IUGR

(here a completely stopped growth) occurs in the 25:th week of gestation (dotted line).

5  PROPERTIES OF THE METHODS

There are two types of alarms to consider; false alarms and motivated ones and we have to face a trade
off between the rate of false alarms and short delay times for motivated ones. We will here illustrate
the distribution of false alarms and the effect of some factors on the ability to detect IUGR (the length
of the time period for detection, the time point when the JIUGR occurs, the residual variance). These
factors influence both the level of detection ability and the relative performance of the methods. For
the Gravidogram method the dependency of the genetic size of the foetus will also be illustrated.
However, every situation is a combination of these factors, which contribute to a complex pattern of
performance. We will therefore illustrate the performance with some examples and discuss the general
implications of the various factors on both the level of detection ability and the relative performance of

the methods.

The surveillance methods were evaluated using simulations. In this way we can investigate with high
accuracy how the methods will perform when applied in clinical practice. The InSF values were

simulated using the model (1) with the estimated parameter values from Section 2, and the A values



were then calculated from the InSF values using (2). For each evaluation of the performance of the

methods, 1.000.000 replicates have been used.

5.1  The distributions of the false alarms

To make the evaluation of the detection ability comparable the probability of a false alarm is fixed
within a normal length of a pregnancy (here 40 weeks). The Gravidogram method was found to have a
19.2% probability of a false alarm within this period. In medical terms, the specificity of the method is
19.2% if we regard the whole pregnancy to represent one test period. For comparability, the alarm

limit for the SR method was set to achieve the same probability.

Of great importance when comparing the methods are the distributions of the false alarms. In Figure 2
the cumulative false alarm distributions are displayed. For the Gravidogram method the distribution of
the false alarms is approximately geometric, with highest probability of a false alarm at the first
decision time point and thereafter a geometrically decreasing probability giving the retarding shape of
the cumulative distribution. This is not the case for the SR method. For the SR method we need two SF
measurements to start the surveillance. Hence, we can not have a false alarm at the first time point. The
low frequency of false alarms for early time points is typical for the SR method. For later time points
we have a higher rate. Since the false alarm distribution is an indicator of the sensibility of the methods
at different time points, the ability to detect IUGR will also depend on it. This means that in general
the Gravidogram method will perform relatively better for cases of IUGR occurring at the start of the
monitoring period. However, for severe cases of IUGR, the ability to save a foetus is small for early
time points.” Therefore, it could be argued that the false alarm distribution of the SR method is

preferable to that of the Gravidogram method from a medical point of view.
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FIGURE 2: The cumulative false alarm distributions over gestational age (t).

A most important issue to deal with is the difference between a genetic small but healthy foetus and a
foetus suffering from IUGR. The way the Gravidogram method is constructed, a misclassification of
SGA foetuses as IUGR is unavoidable. As previously stated, the genetic differences are expressed as
different intercepts for different individuals in the mixed model for the expected growth pattern, see
formula (1). The value of the intercept is highly influential on the rate of false alarm. By using a fixed
intercept set to a certain percentile from the distribution of B, this was examined for the Gravidogram
method. The probability of a false alarm was then found to be 93.3%, 25.8%, 3.8% and 0.3%
respectively for the 5:th, 25:th, 50:th and the 75:th percentile of the intercept. Note that the probability
of a false alarm is independent of the genetic size of the foetus for the SR method since A is

independent of the intercept B, .

5.2 Ability of successful detection

A common way to evaluate test procedures in medicine is to use the sensitivity. Usually the sensitivity
is defined as the proportion of the “positives” which are correctly identified by a test procedure. In this
application the sensitivity is the proportion of IUGR foetuses, which are correctly classified. However

the sensitivity does not say anything about when the classification is made. The delay time in detection
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of IUGR is crucial and therefore we must use measures of evaluation, which includes a time
component as well. When evaluating motivated alarms, we find it most appropriate to consider the

probability of successful detection,

PSD(d,7) =P(t, -1 <d |1, 27).

It stands for the probability that the IUGR is detected with a delay time no longer than d when the
TIUGR occurred at time point 7 . This measure of evaluation has been used in medical applications
before”, e.g. when monitoring a foetus heart rate during labor. Both the sensitivity and the probability
of successful detection thus deal with the proportion of correctly classified “positives”. However for
situations when the sensitivity is generally used, the time component is not present. Therefore, the
probability of successful detection can be regarded as a measure of sensitivity taking also the delay
time of the detection into account. There are also other ways of evaluating surveillance methods. The
most commonly used ones however focus on the expected delay time. For the detection of IUGR the
important feature is not the expected delay time but rather the proportion of foetuses we can detect

within a reasonable time.

5.2.1 The influence of the time available for the detection of IUGR

The detection ability as a function of the delay time available for the detection, 4, is displayed in
Figure 3. Most important is to notice that the detection ability of the SR method is considerably higher

than for the Gravidogram method.

1
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FIGURE 3: The probability of successful detection as a function of the time in weeks (d) available for

detection. The week of gestation when the IUGR occurs (T) is indicated in the labels.

Observe that the level of detection is almost 70% within two weeks for the SR method if the IUGR
occurs in the 30:th week of gestation. In this period of the pregnancy, two weeks alone would
correspond to a normal interval between the regular visits to a health centre. The corresponding

sensitivity for the Gravidogram method is only about 30%.

5.2.2 The influence of the time point of the IUGR

It should be clear that a large decrease in the expected value of In SF(r) is easier to detect than a small

one. Therefore the level of detection is decreasing as a function of time due to a decreased expected

growth rate (Figure 1) as can be seen in Figure 4.
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FIGURE 4: The probability of successful detection as a function of the week of gestation the IUGR

occurs. The value of d is indicated in the labels.

Although the SR method needs two observations before an alarm can be triggered, it has a higher PSD
than the Gravidogram method also for IUGR occurring before 25 weeks of gestation. Normally IUGR
with a completely stopped growth is believed to occur in the third trimester”® in which case the
detection ability is much higher for the SR method. A large value of the time available for detection

(d) favours the SR method even more.

5.2.3 The influence of the residual variance

The technique of measuring SF heights has been criticised for being imprecise. However, standardised
measuring procedures and training can substantially decrease the variance in the data.”” % One crucial
issue introducing self-measurements is the quality of the data reported. The residual variance, o7,
influences both the level of the detection ability as well as the relative performance between the
Gravidogram- and the SR method. Here we have examined the effect of a decrease in the residual
variance by 50%. This could be the result of several factors such as extensive training in measuring SF
height or as a result of measuring the SF height more than once at each occasion and thus reducing the

residual variance by considering the mean of the observations taken.
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FIGURE 5: The probability of successful detection within one week as a function of the week of
gestation the IUGR occurs. The cases with a reduced residual variance by 50% are indicated by * in
the labels.

In Figure 5, PSD(1,t) values are presented for the two values of the residual variance. Since

V(A@®) =20, and V(InSF(1)) =0, +0,” the effect of reducing the residual variance is larger for

the SR method than for the Gravidogram method. For the SR method the detection ability is here
generally increased by over 50%. Practical clinical work to reduce the residual variance in SF

measurements is thus of greatest interest.

5.2.4 The influence of the genetic size of the foetus

As was seen in Section 5.1, the genetic size of the foetus was important for the probability of a false
alarm for the Gravidogram method. This is also the case for the detection ability when the IUGR
occurs as can be seen in Figure 6. The Gravidogram method is very sensitive to detect IUGR occurring
for genetically small foetuses, but not for genetically large ones. Note that the detection ability of the

SR method is independent of the value of the intercept. This means that the detection ability is

14



independent of the genetic size of the foetus, which might be preferred from an ethical point of view

when applying the method as a screening instrument in practice.

PSD(d,30)
1.00 -
0.80 -
0.60 -
—e— Gravidogram
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—a&— Gravidogram (50%)
0.20 - —o— Gravidogram (75%)
b
O-Oo , T T T T 1
0 1 2 3 4 5

FIGURE 6: The probability of successful detection as a function of the time in weeks (d) available for

detection, when the IUGR occurs in the 30:th week of gestation. The percentile of the intercept used is

indicated in the labels.

6 DISCUSSION

In this paper we have shown that the methodology used in practice today in Sweden and several other
countries for detection of ITUGR can be considerably improved still using SF measurements. Three
important aspects of this paper are the following. Firstly, we have focused on the growth rate in
symphysis-fundus height as being the important characteristic of naturally growing foetus and not the
absolute size of the foetus. An important advantage of using the growth rate is that additive effects
from background variables (smoking, parity, sex of the child) in the model describing the absolute size
do not influence the growth rate. Secondly, we have introduced a theoretically well-motivated
surveillance method to detect JUGR. In order to achieve an effective surveillance method, the

information in the observed data must be treated correctly as by the SR method. Thirdly, we have used

15



a measure of evaluation, PSD, which focus not only on whether the IUGR is detected or not, but also

on the delay time of the detection.

In our approach we have not used any assumptions on the distribution of the time point when the
IUGR occurs. If we had information about the distribution from theory or previous studies we could
focus the detection ability to the most probable time points and thus achieve more efficient methods.
Knowing the distribution of the time point of IUGR and a value of the incidence of IUGR, we can
calculate the predictive value® of the methods which helps us in the choice of actions to take if an
alarm is triggered. The predictive value is a function of the time point of an alarm and defined as

PV (s)= P(C(s)|t, =), which is the probability that the IUGR has occurred given that an alarm is

triggered at a specific time point. A constant predictive value is in many situations desirable since it
implies that the actions to follow an alarm can be the same whenever it is triggered. The alarms of the
Gravidogram method will not be trustworthy due to the high intensity of early false alarms. As a result,
the SR method will have a considerably higher predictive value than the Gravidogram method. Also in

this respect the SR method will be preferable to the Gravidogram method.

We have chosen to study the behavior of the SR method since it is known to have several desirable
properties such as a near optimal expected delay and for some cases an almost constant predictive
value. If the requirement of the method is very specific, such as stated here where focus has been
solely on the PSD, the SR method is not the optimal method. Another weighting of the conditional
likelihoods could be chosen. However that would require a focus on a particular value of time of

delay (d) .

An advantage of the SR method is that it can be optimised to detect a specific kind of growth. Here,
the SR method has been specified for the detection of a completely stopped growth. For the detection
of other types of IUGR it would be preferable to specify the SR method according to this type. An
example is when the growth rate decreases and remains at a lower rate than expected throughout the
pregnancy. Often this pattern occurs with extrinsic conditions such as intrauterine infections or
intrinsic embryonic conditions such as congenital malformations.?’ To investigate the robustness of the
TUGR specification, we have evaluated the detection of a completely stopped growth when specifying
the SR method for a decreased growth rate. Notable deterioration in detection ability where only
present for early changes (before the 25:th week of gestation), but not for later ones, where the non-
optimised SR method performed almost identical to the correctly specified version. This indicates that

the SR method is robust to the specification of the type of IUGR.
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We believe that self-measurements used together with the SR method have a large potential as a
screening instrument in clinical practice. In practice today, cases where we suspect IUGR (e.g. where
SGA is suspected) are measured more frequently than those considered to be out of risk. However,
IUGR can occur at any time point during the pregnancy. One major advantage using self-
measurements is that all women are screened equally often throughout the whole pregnancy and not
based on the initial measurement values. We also believe that self-measuring at home will be better
and easier for the mothers and that the number of missing data will be small. Self-measuring can also
contribute to a more cost-effective antenatal-care program by reducing the number of visits to the
health centre. A recent study of standard antenatal-care programs in terms of clinical outcomes,
perceived satisfaction and costs concluded that a model with a reduced number of antenatal visits
could be introduced without risk to the mother or baby.® A combined program of self-measuring and
visits to the health centre could then be very cost-effective and increase the performance of the

antenatal care.

For the clinical practitioner, the SR method is not as easy to grasp as for example the Gravidogram
method. This should not however be taken as a motivation for using the non-satisfactory Gravidogram
method. A computer program, which performs all necessary calculations, can be used by the
practitioner, who only has to register the SF measurements in a database. Also the mothers can be
equipped at home with a simple calculator designed for this monitoring. What needs to be done before
applying the technique in practice is a large study of self-measurements in order to construct an
appropriate expected growth curve. An interesting extension of this work is to apply multivariate

30, 31

surveillance where the monitoring can be based on both weekly SF measurements and infrequent

ultrasonic measurements.
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