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Abstract—The modern cloud-based solutions are gaining the
upper hand in the most common industrial areas. In the
healthcare sector, cloud computing is starting to set foot on,
and the major applications are about the possibility to collect
and share medical data. One of the hot topics argued in the
obstetrics and gynecologist community, is related to the fetal
growth and, in particular, to the necessity to have updated
standards, since the current references lack information like
ethnicity and maternal biometric parameters (essential to
evaluate the correct growing parameters). We believe that
cloud computing could help the development of such a kind of
dynamic and customized fetal growth curves, which in turn
could improve the possible detection of anomalies and
pathological states during the whole pregnancy period. The
paper presents a proposal for resolving the problem of the fetal
biometric data obsolescence and the inability to use them in a
custom or adapted fashion giving the opportunity to manage
clinical data which are dispensed “as a service” on a global
scale. The objective of the study is to create and validate a
database collecting several fetal growth curves (obtained by
means of the available results beginning from 1963 until 2013).

I. INTRODUCTION

Recent developments in healthcare technology enable the
collection, storage, management, and sharing of
massive amounts of medical data. The urgent need for
pervasive and ubiquitous real-time access to patients' data
from anywhere and from any digital device has become
essential for proper diagnosis and treatment procedure so
that it leads to achieve high quality of medical services.

The obstetrics and gynecologist sector stands as
emblematic: technologies are underutilized and are not
treated as a means to improve patient care or, if utilized, they
embrace the image acquisition devices (3D or 4D ultrasound
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scan) and not consider the data management and analysis
that could improve the fetal growth assessment.

Throughout the pregnancy, in order to correctly interpret
the data collected during the different growth stage, the
doctor assesses a set of parameters, such as Biparietal
Diameter (BPD), Head Circumference (HC), Abdominal
Circumference (AC), Femur Length (FL), and compares
them with particular reference charts, representing the fetal
growth curves, which show the average trend fetal growth
over time allowing to detect potential form of abnormal
growth. The problem lies in the fact that the commonly used
growth curves are at least five decades old and may not be
suitable for the current population. These curves are those
developed by Lubchenco [1] Usher and McLean [2] and
Babson and Brenda [3] all suffering from the relatively
indigent population included, so they not address the issue of
variation in intrauterine growth due to ethnicity, which is an
important factor to take into account.

Beyond ethnicity, many other factors affect fetal growth
including physiological and pathological variables, such as
maternal height and weight, drug or tobacco exposure,
genetic syndromes, congenital anomalies and placental
failure. Also the fetus gender plays a role in the birth size
[4]. Some authors addressed this problem trying to adjust for
most of the influential factors in their own environment. In
the early 1992, Gardosi [5] introduced the idea of
individualized fetal growth charts according to specific
maternal and fetal characteristics. Later, other authors
provided several fetal growth charts considering different
subgroups of population (UK, Canadian, Kuwait, New
Zealand, Saudi Arabia, Thailand, USA, Tunisian, Pakistani,
Turkey, India and so on) but all these charts cannot be
applied universally to different population and suffer from
many limitations: they include small, and therefore
insufficient, samples at low gestational age; they have
hospital-based samples and they use inadequate statistical
modeling techniques and adopt inaccurate methods to
calculate gestational age.

Since there is considerable methodological heterogeneity
in studies of fetal biometry, a standardization of
methodologies is deeply necessary in order to make correct
diagnosis avoiding unnecessary obstetric interventions at the
time of delivery.

In this scenario, we feel that porting this kind of analysis
to the Cloud could make possible approaches on a global
scale and the development of quite significant statistical
samples and furthermore could provide a greater
sustainability since it’s possible to address to a large target



of people by means of advertisement and the distribution of
services directly to the final user.

In this paper we propose a cloud approach, based on the
SaaS (Software as a Service) paradigm and on data
anonymization techniques in charge of collect, process and
share fetal growth data on a global scale in order to create
dynamic and customized fetal growth curves that will take
into account the above-mentioned factors influencing fetal
growth. The user can select and consult the preferred curves
using a contemporary, large, racially diverse sample and
compare with his own values for example.

Clinicians can also upload the data collected during the
visits in order to contribute to the development of a new and
updated tool for growth assessment.

The paper is organized as follows: Section 2 introduces
related works. Section 3 presents our approach. Section 4
discusses the experimental results and the prototype system
developed. Finally, we draw conclusions and discuss our
future works in Section 5.

II. RELATED WORKS

One of the key benefits deriving from the cloud
computing usage could be the ability to exchange data
between disparate systems, and this is very important for
healthcare IT. Despite widespread adoption of cloud-based
solutions by most industries, cloud computing has been
slowly embraced by healthcare and the biggest impeding
factors are concerns about security and performance of cloud
services causing the poor usage by the citizen (this is the
official reason for the closure of Google Health and
Revolution Health for example). In our case, instead, there is
a strong desire on the part of pregnant women to know and
assess the health status of their own child.

Despite all opposition, many institutions have moved to
the cloud to lower their storage costs and facilitate the
exchange of images and medical record, such as Microsoft
Health Vault [6] or the Merge Healthcare’s Project
Honeycomb [7], the Accenture Medical Imaging Solution
[8] or the Individual Clinical Portability of the ULSS
number 8 of Asolo [9].

Considering the obstetrics and gynecologist field, for
more than half a century, several clinicians and investigators
have proposed different reference data for assessing birth
weight for gestational age [10], [11], [12] but none of these
works dynamically develops the curves using the clinical
routine practice data achieved throughout the ambulatory
visits and no one proposed a cloud-based solution to enlarge
the number of analyzed patients and to have a more
significant statistical sample for perform the analysis.

One of the major developments in this field has been the
introduction and usage of software tools that allow you to
get customized charts. The most known is surely GROW by
J. Gardosi [13] which provides customized growth charts
based on a regression model for birth weight, fitted to a very
large group of neonates. It addresses the issue related to the
data updating to use as the reference standard for the

development of growth curves, but data are not subject to
regular updating, they descend from “static” archives, they
don’t differ in ethnic origin and other important factors and
so they are not suitable to assess the biometric parameters
influencing the fetal growth. Furthermore it obligates to
purchase and maintain software.

III. OUR APPROACH

In this paper we propose an alternative approach, based on
cloud, on the SaaS paradigm and on data anonymization
techniques to collect, process and share growth data on a
global scale in order to resolve the problem of the fetal
biometric data obsolescence and the inability to use them in
a custom or adapted fashion.

Analyzing the SaaS paradigm from the healthcare point of
view, the biggest advantage of SaaS is the simplified
management of all health sensible data. In fact, SaaS
healthcare services can enable scenarios where all medical
assistants have access to patient data anytime and anywhere
with any device equipped with Internet connection.

In particular, to ground our proposal, we focus on the
well-known and widely diffused Amazon public Cloud
provider, namely the Amazon Web Services (AWS), which
delivers a set of services that together form a reliable,
scalable, and inexpensive computing platform.

The issue of clinical data handling is well known in
literature. Personal Health Records (PHRs) contain
extremely sensitive personal information and thus pose
strong privacy concerns. This means that special care has to
be adopted to preserve the privacy. The privacy and security
aspects are out of the scope of this paper, but in summary
they have been addressed by separating the personal data
from the clinical data using hash keys for reconciliation
purposes. Data protection laws in several countries, require
knowledge of where data is stored. For this reason, storage
of patient data in the cloud will be very difficult to
implement in countries like Spain, France or Italy. However,
several cloud providers allow obligatory data storage in a
specific geographic location. Thus, the problem addressed
can be minimized and even countries with higher restriction
laws might accept the solution [14].

A. Scenario definition

The scenario presumes that throughout the pregnancy, the
mother is subjected to routine checks to ensure proper fetal
growth. The patients and the family are interested in the
stages definition of pregnant and family biometric
parameters in order to provide all relevant information for
the development of dynamic and customized fetal growth
curves. The medical and paramedical staff is involved in the
stages of acceptance, preparation and training for pregnancy,
execution of routine exams related to the fetal and maternal
health status, and in the management of any form of
abnormalities, pathologies, diagnosis and prognosis up to the
psychological support.



B. Requirement analysis

The main identified requirements are:

1) RI1: development of a web and mobile system for
ubiquitous access;

2) R2: respect the constraints of safety, reliability, privacy
and anonymity;

3) R3: collection of significant amounts of data for
statistical evaluation of the examined parameters;

4) R4: guarantee service levels for the medical staff usage;

5) RS5: flexibility of the information schema in order to
support analysis types in evolution;

6) RO6: ability to segment the analyzed sample according to
various dimensions of analysis, especially in relation to
biometric parameters, maternal ethnicity, environmental
factors and lifestyle.

The multidimensional requirement (R6) is new if
compared to the requirements of the other authors who had
proposed customized growth curves. It has been adopted
because it allows the detection and the study of correlations
that are still not known among the listed parameters and a
dynamic point of view: it’s possible to make dynamic
analysis without following a fixed pattern.

C. Data modeling

For the modeling of the clinical data, we started from the
Silverston Universal Data Model [15] which provides an
outstanding starting point for delivering flexible data
models, in order to map and model the main components of
our data model and from the HL7 Reference Information
Model [16] which is an abstract information model for
healthcare provided by the HL7 Organization. Each doctor
should have available a local database, on which are
recorded only his own patients and related reports. Because
of the lacking of a database model that is unique for all
doctors of this sector, we have developed a flexible model
that could allow the modeling of different kind of exams and
hence it can subsequently be specialized according to the
needs. On account of the limited space available, we can’t
show the ER diagram, but in summary, we have focused on
the main person and report attributes firstly in a separate
way and then, from the interviews conducted with the
doctors, we understand the need to move some patient
attributes to the medical report entity. For instance, attributes
like weight can’t be static patient’s attributes, since it grows
during the pregnancy. A little fragment of the whole ER
diagram is shown in Fig. 1.
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Fig. 1. A fragment of the ER report-oriented diagram

D. Architecture modeling

The whole application is split in two parts as can be seen
from the Fig. 2: the first one, including the Dynamic Fetal
Growth Curves Builder (DFGC Builder), the doctor’s
interfaces and all the services (encryption, anonymization
etc.) with high privacy and security requirements is located
at the University of Salento on a dedicated server. The
second one, including the patients’ interfaces and the public
statistical data about fetal growth is located in a public cloud
on the web. The DFGC Builder includes all the algorithms
used to build the personalized growth curves starting from
the patient data and the clinical measured features.
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Figure 2. Architecture diagram

E. Implementation

For a multidimensional analysis of the fetal biometric data
and the development of customized fetal growth curves, we
used a data warchouse system, which is in charge of
collecting and integrating data coming from heterogeneous
sources in order to dynamically define the personalized
growth curves matching the right fetus-maternal parameters
for each specific case. To accomplish these goals and satisfy
these needs, each user must be able to access certain
resources and certain data to perform only specific tasks,
avoiding to compromise the data security. We built an ad
hoc virtual machine, which contains our application, the data
warehouse and all the tools adopted for the development: the
suite of open source Business Intelligence products (Pentaho
Business Analytics with all its service components) and the
MySQL DBMS.

IV. RESULTS AND DISCUSSION

The development of personalized fetal growth curves is a
problem characterized by relevant size if we consider that
there are about 140 ML of newborns per year.

The dimensionality is not the only aspect to take into
account. Even the diversity of ethnic groups in each country
is quite relevant. For instance, in Italy (for which we know
very well the entire statistical parameters) there are 21
different ethnic groups and for all groups are used the same
fetal growth curves. But each ethnic group has distinct
biometric parameters and so it requires distinct growth
curves. Our approach has been validated by a small number
of doctors, which have evaluated and verified: the functional
correctness of the proposed model and approach, the
simplicity and usability of the entire system and finally the
correctness and the completeness of the informative model.



In order to test the system, in this first stage and in the
absence of data that are distinguished according to different
ethnic groups, we have produced a biometric parameters
generator, which produces a significant number of samples
starting from the percentile used for the different
populations, all respecting the mean and the standard
deviation that characterize the Gaussian distribution for a
specific gestational week. The generated data allowed us to
prove the correctness of the elaboration of the fetal growth
curves distinguished by ethnicity and the validation of the
elaboration time. The performed analysis include the
standard biometric parameters evaluated on several fetuses,
of different gestational age, with the possibility to explore
the data from different points of views. For instance, it’s
possible to obtain the 50™ percentile related to the Head
Circumference in relation to the mother ethnic group as
shown in Fig. 3.
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Figure 3. Head Circumference Average Value according to the mother’s
ethnicity

V. CONCLUSION AND FUTURE WORKS

The fetal growth assessment is a relevant problem since it
concerns about 140 ML of newborns per year. Due to the
population and “ethnicity reshufflement”, it’s by nature a
global phenomena and cloud computing is the most suitable
approach to use in order to obtain personalized growth
curves’ development and an adequate response time (< 3
sec).

In order to prove the feasibility of the proposed approach
we have developed a prototype based on a relational
database, but being our problem global by nature, in the
future we plan to provide a more scalable solution that will
make use of NoSQL database which have usually the goal of
offering horizontal scalability, on the basis of a distributed
implementation and deployment. According to [17] more
than fifty NoSQL systems have been already implemented,
each with different characteristics (e.g., different data model
and different API to access the data, as well as different
consistency and durability guarantees). As pointed up in [17]
this lack of standard is problematic to application
developers.
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