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The Effects of Lead and Selenium on Melanoma Induction
Isabel Sá,1 Tânia Nogueira,1 Elisabete Cunha.2

Abstract
Background: Melanoma is a malignant skin cancer and is one of the most aggressive malignancies in humans. Heavy metals, including 
lead, are known to cause cellular toxicity and have been studied for their potentials to induce apoptosis in tumor cells. Since selenium is 
considered to act protectively in cases of lead poisoning, this study focused on the effects of sodium selenite and lead chloride, both alone 
and combined, on melanoma cell apoptosis. Methods: This study was carried out by doing cell culture of melanoma cells (B16-F10 cell 
line) and using C57BL/6 mice. Melanoma cells suspended in lead (II) chloride, sodium selenite, or lead (II) chloride + sodium selenite so-
lutions were injected subcutaneously to mice to induce tumor growth. After 12 days, tumors were excised and measured, followed by flow 
cytometry and a statistical analysis using a one-way ANOVA. Results: In the group of mice receiving a single injection of melanoma cells 
suspended in 10 µmol/l of lead (II) chloride, the growth of tumor was significantly slower than in the control group. In mice treated with 
lead (II) chloride 50 µmol/l and 100 µmol/l, no tumor was visible at the end of the experiment. With a single injection of lead (II) chloride 
and sodium selenite at concentrations ≥ 10 µmol/l, the weight and size of the tumor were substantially smaller than in the control group. 
Conclusion: The effect of lead (II) chloride on melanoma induction is dependent on the concentration of lead (II) chloride. Future applica-
tions may include the use of lead (II) chloride to increase apoptosis and necrosis in tumor cells and thus suppress tumor cells proliferation.

Keywords: Selenium; Lead; Melanoma; Apoptosis; Necrosis. (Source: MeSH-NLM).

Introduction
Modern life and industrialization bring comfort and convenien-
ce, but also entail the increase of exposure to harmful substan-
ces, including heavy metals. Different metals induce different 
conditions, depending on the concentration and the type of 
exposure.1 Heavy metals are considered to be toxic due to their 
ability to induce a variety of deleterious effects. The toxicity 
caused by heavy metals, such as arsenic (As), mercury (Hg) 
and lead (Pb), has already been recognized by health authori-
ties as occupational health hazards. 

Heavy metals are chemically reactive and bioaccumulative, 
which means that the human body is not able to effectively eli-
minate them, differing them from other potential toxic agents. 
The consequences of exposures to lead, cadmium (Cd), and 
mercury and the consequent pathological changes in the liver, 
kidney and bone are well documented.2-10 Moreover, thorium 
(Th), cadmium, lead, chromium (Cr), nickel (Ni), and beryllium 
(Be) are heavy metals with confirmed carcinogenic effects in 
animals and humans.11-15 Thus, there is an increasing evi-
dence that the exposure to heavy metals could be associated 
with the occurrence of lung, liver, bladder, kidney, colon and 
skin cancer.15 

One of the most widely used heavy metals is lead. This metal 
can enter the body through inhalation, ingestion and dermal 
exposure. The induction of inflammatory processes is one of 
the various effects caused by lead. The toxicity of lead results 
from its interaction with the functional groups of enzymes.16 

Unfortunately, human exposure to lead is an inevitable conse-
quence of human life, since exposures occur mainly from two 
sources: occupational and environmental. Lead is a toxic heavy 
metal which is likely to lose electrons easily, forming positively 
charged ions that tend to be soluble in biological fluids. It has 
higher affinity for groups containing sulfur, such as sulfhydryl 
(SH), than for ones containing oxygen.17 Lead forms covalent 
bonds, causing changes in the properties of sulfhydryl-con-
taining enzymes, such as solubility, dissociation, the relative 
affinity to receptors, distribution and excretion.17 Lead toxicity 
affects several organ systems, including nervous, hematopoie-
tic, renal, endocrine and skeletal systems.17

Melanoma is a malignant tumor which originates from mela-
nocytes, cells that produce the pigment melanin that gives 
color to skin, hair and eyes. The incidence of this skin cancer 
has been increasing more rapidly than any other cancer type. 
It is one of the most aggressive malignancies in humans and 
is responsible for 60% to 80% of skin cancer deaths.18 This 
is not only because of its incidence and propensity to affect 
young adults, but also because of its high metastatic potential, 
aggressive clinical behavior, and extraordinary resistance to 
the currently available chemotherapeutic and immunological 
treatments.18 During the development of malignant melanoma, 
there is a complex interaction of environmental and endoge-
nous (genetic) factors, including the deregulation of cell proli-
feration, the programmed cell death (apoptosis),19 and cell-cell 
interactions.20
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Selenium and its compounds, both inorganic and organic, have 
recently attracted oncologists’ attention after several epidemio-
logical studies revealed an inverse correlation between the in-
take of selenium and the incidence of cancer.21 Selenium has 
quite important biological and biochemical functions in organis-
ms because of its antioxidant properties, preventing the forma-
tion of free radicals that cause DNA damage and promote tumor 
genesis. It also is a moderate antagonist for the toxic effect on 
the body of many heavy metals such as arsenic,22 cadmium,23 

mercury,24-25 and lead.26 Selenium is used in methylated forms, 
which are less toxic and still have effects on carcinogenesis,27 

and more than 90% of the experiments have used sodium se-
lenite.28 Selenium confers protection, in part by inducing cellu-
lar free radical scavenging systems and by enhancing peroxide 
breakdown.29 Thus, selenium enhances the capacity of the cell 
to cope with oxidative stress.29 The selenoproteins (Se-P) may 
be useful in the prevention of cancers which are associated with 
persistent chronic inflammation and infection, since Se-P are 
presumed to be involved in alleviating the toxicity of heavy me-
tals.30-32 Some Se-P have important enzymatic functions because 
they generally contain selenocysteine (SeC) in the active site, as 
well as cysteine (Cys) residues, indicating that it is capable of 
transporting selenium and bind to heavy metals.24 Thus, we be-
lieve that Se-P has three separate roles: (1) antioxidant defense; 
(2) a role in the transport of selenium; (3) a protective role as 
a natural chelator of heavy metals. In addition, the anti-tumor 
activity of selenium is directly related to its antioxidant activity, 
acting on the protection of Cys residues of reduced glutathione 
(GSH), which is considered to be the most important compound 
in the detoxification of carcinogens.24 Apoptosis and necrosis 
are two types of cell death that can occur due to in vivo or in 
vitro exposure to cadmium or lead,33 which caused an increase 
in lyses or necrosis. Selenium provides a significant protection 
against cadmium-induced apoptosis.34 

Given the facts that lead is toxic by causing mainly necrosis 
and that selenium is an antagonist to the toxic effects of many 
heavy metals, the aim of this study was to investigate the po-
tential of lead for the treatment of melanoma and the potential 
protective role of selenium against the toxic effects of lead.  We 
hypothesise that lead can be used to treat melanoma, along 
with selenium to work against the toxic effects of lead.

Methods
C57BL/6 mice were used in this study in view of the similarity 
between melanoma in mice and melanoma in human and the 
relative ease of melanoma induction in mice compared to other 
animal models.35 The investigators who performed the subcuta-
neous injection, tumor growth measurements, flow cytometry, 
and the statistical analysis were not blinded to group allocation.

Animals
Seventy eight female C57BL/6 mice (Charles River Laboratories 
España S.A., Barcelona, Spain) between 6-8 weeks of age and 
weighing about 19.5 ± 2.0 g were kept under standard housing 
conditions (49 x 34 x 16 cm autoclavable polypropylene boxes 
with a wire lid and built-in feeder and water drinker, 12-hour 
light cycles from 7 a.m. to 7 p.m., and controlled humidity and 
temperature) and with food and water ad libitum. The animals 
were assigned randomly into 10 treatment groups (six mice per 
group) and one control group (n = 18) (Table 1).

All animals were treated in accordance with the European 
Council Directive 2010/63/EU on the protection of animals used 
for scientific purposes. After the experiments, the animals were 
euthanized with a lethal injection of lead, since it was conside-
red to be the way which implied the minimum pain, suffering 
and distress (Article 6 of the European Directive).

Reagents
Sodium selenite and lead (II) chloride were purchased from 
Sigma Chemical Co. (St. Louis, Missouri, USA) at four concen-
trations: 1, 10, 50, and 100 µmol/L. The suspensions were pre-
pared in 500 µl of sterile phosphate-buffered saline (PBS) and 
resuspended with 5 x 105 melanoma cells. These suspensions 
were injected into the air pouch of the mice, which is described 
later in this section.

Cell Culture
Melanoma cells (B16-F10 cell line) were purchased from ATCC 
(Manassas, Virginia 20110-2209, USA). The cells were cultivated 
in Dulbecco’s modified Eagle’s medium (DMEM) (Life Technolo-
gies, Inc., Rockville, Maryland, USA), which was supplemented 
with 10% fetal bovine serum (FBS) (HyClone, Logan, Utah, USA) 
and contained 100 units/ml of penicillin, 100 µg/ml streptomy-
cin, and a solution of nonessential amino acids (Life Technolo-
gies, Inc.). The cells were maintained at 37ºC in a humidified 
atmosphere of 5% CO2 / 95% air. This was the first step of the 
entire experiment.

Subcutaneous Injection
In order to form a subcutaneous air pouch, 5 ml of sterile 
air was injected into the subcutaneous dorsal midline of the 
animals 10 days after the cell culture was started. After three 
days, 2.5 mL of sterile air were reinjected in order to maintain 
the open space. This method was adapted from previously pu-
blished experiments.8,36 Four days after the first injection, the 
following suspensions were injected directly into the air pouch:

• Control group: 300 µl of PBS + 300 µl of melanoma cells 
(concentration 5 x 105); 
• Group I: 300 µl of lead (II) chloride + 300 µl of melanoma 
cells (concentration 5 x 105); 
• Group II: 300 µl of sodium selenite + 300 µl of melanoma 
cells (concentration 5 x 105); 
• Group III: 300 µl of lead (II) chloride and sodium selenite 
+ melanoma cells (concentration 5 x 105).

For Groups I and II, we used lead (II) chloride or sodium sele-
nite of four different concentrations: 1, 10, 50, and 100 µmol/L. 
For Group III, the molar ratio between selenium and lead was 
1:1, as referenced in some recent studies regarding the molar 
ratio of selenium in tissues.6

Tumor Growth
Measurements of body weight as a surrogate measure for tu-
mor weight were made 0, 2, 5, 7, 9, and 12 days after treat-
ment. On the 12th day, we aseptically excised, weighed, and 
measured the size of the tumors. For calculation of tumor vo-
lume, the following formula was used: 

Tumor volume (cm3) = 0.52 (length x width x height).38

Flow Cytometry
For cytometric analysis, each subcutaneous exudate sample, 

Sá I, et al. The Effects of Lead and Selenium on Melanoma Induction
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retrieved from the already excised tumor mass via a needle 
introduced in the edema, was stained with TACSTM Annexin 
V-FITC Apoptosis Detection Kit (R&D Systems, Minneapolis, Min-
nesota, USA) for 15 minutes. This product detects the externa-
lization of phosphatidylserine in apoptotic cells using recom-
binant annexin V conjugated to green-fluorescent FITC dye and 
necrotic cells using red-fluorescent propidium iodide (PI). After 
treatment with both probes, apoptotic cells show green fluo-
rescence, dead cells show red and green fluorescence, and live 
cells show little or no fluorescence. After staining, the tumor 
cells were washed twice and suspended for flow analysis by 
fluorescence activated cell sorting (FACS) in a medium contai-
ning propidium iodite (Sigma). Data were collected on cells se-
lected by forward light scatter (FSC) and PI gating in a FACScan 
analyser (Becton Dickinson) with CellQuest software.

Statistical Analysis
The statistical comparison between the data collected from ex-
perimental and control groups was performed using a one-way 
ANOVA. The numerical data are presented as means ± standard 
deviations, unless otherwise specified. Statistical significance 
was considered for p<0.05. All statistical analyses were perfor-
med using SPSS 14.0® for Windows.

Results
Our observations showed that 2-3 days after the injection of 
melanoma cells into the air pouch of the mice, tumor started to 
develop and a protruding mass was clearly seen under the skin 
around five days after injection. Between 5-12 days after treat-
ment with lead (II) chloride, the changes in the body weight of 
the mice treated with lead (II) chloride 1 µmol/l were similar 
to that of the control group. For groups that were treated with 
lead (II) chloride 10, 50 and 100 µmol/l, no significant changes 
in body weight were observed, and the mean body weight on 
day 12 was significantly smaller than the control group (p<0.05) 
as a result.  In contrast, for groups that were treated with 
sodium selenite 1, 10, 50 and 100 µmol/l, no significant diffe-
rences were observed between the body weight of the treated 
mice and the control group (Figure 1). 

After 12 days of treatment, we excised, weighed and measured 
the size of the tumors (Table 2). After an injection of 1 µmol/l of 
lead (II) chloride, the tumor continued to develop. In contrast, 
mice treated with 10 µmol/l of lead (II) chloride had smaller 
tumor weight and tumor volume compared to the control group. 
For mice treated with lead (II) chloride at a concentration higher 
than 50 µmol/l, no tumor mass was recovered, and the differen-
ces with the control group were significant (p<0.05). The tumor 
weight and volume of mice treated with sodium selenite of all 
concentrations were similar to the control group (Figure 2). 

The tumor weight and volume for mice which were administe-
red a single injection of equimolar (1:1) lead (II) chloride and 
sodium selenite 10 µmol/l were smaller than those of control 
groups. No tumor mass could be recovered from mice injec-
ted with the combination suspension at a concentration of 100 
µmol/l (Figure 3). 

The percentage of apoptosis and necrosis in melanoma cells 
after 12 days of treatment with 1 µmol/l of lead (II) chloride and 
with 1, 10, 50 and 100 µmol/l of sodium selenite was around 
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Table 2. Tumor Weight and Volume after 12 Days of Treatment.

Lengend: † Data presented as mean ± Standard Deviation.

Figure 1. Changes in Body Weight of Mice Following Lead 
(II) Chloride or Sodium Selenite Injections.
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10%, the same as in the control group. When the melanoma 
cells were treated with a concentration of 10 µmol/l of lead (II) 
chloride, the percentage of apoptosis was around 20% and the 
percentage of necrosis was nearly 80%. With a concentration 
of 50 µmol/l of lead (II) chloride, the percentage of apoptosis 
was lower at 10%, while the percentage of necrosis was higher 
at almost 90%. Finally, with a concentration of 100 µmol/l of 
lead (II) chloride, there was almost 100% of necrosis (Figure 4).
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that are in accordance with previous studies.39 Similar findings 
were not observed following treatment with sodium selenite. 

Lead and several inorganic lead compounds appear to have 
deleterious effects on skin, muscles, and the immune system.40 
Lead has already been used to induce cell death in human 
neuroblastoma cells in previous studies.41 When neuroblastoma 
cells were treated with lead alone, they exhibited a significant 
decrease in their viability.42 Similar effects were observed in 
the present study:  the development of melanoma appears to 
be negatively associated with lead (II) chloride concentration.

In contrast to findings of previous studies which suggested 
the potential of selenium as a cancer preventative agent and 
an anti-metastasis agent,43 our study did not find a significant 
effect of selenium on tumor development. When the tumor was 
treated with an equimolar injection of lead (II) chloride and so-
dium selenite, the weight and total volume of the tumor were 
smaller than the control group at a concentration of 10 µmol/l, 
and no tumor was recovered at a concentration of 100 µmol/l. 
The effects of lead (II) chloride or lead (II) chloride + sodium 
selenite on tumor growth were similar.

Selenium has a protective role against the development of 
tumors because it delays the oxidative damage in DNA and 
lipids as well as regulates cellular and molecular events that 
are essential for cell growth and carcinogenesis.44 Selenium is 
also considered to protect the organism in cases of poisoning 
with lead, mercury and cadmium.45 When melanoma cells were 
treated with lead (II) chloride ≥ 50 µmol/l, the percentage of 
cell with necrosis increased. However, when they were treated 
with the same concentrations of sodium selenite, no significant 
differences in the percentages of apoptosis and necrosis were 
observed between the treatment groups and the control group. 
Thus, our findings were in accordance with other experiments 
which showed that the cadmium and lead caused an increase 
of lyses or necrosis.33

Given the facts that chemotherapy and radiotherapy eliminate 
tumor cells by inducing apoptosis and that melanocytes are 
resistant to apoptosis,46-48 it is important to study the possibility 
of eradicating malignant tumor cells via necrosis induced by 
lead in certain concentrations. Nonetheless, it is also important 
to keep in mind that necrosis triggers inflammatory processes 
and thus it is vital to use an antagonist (such as selenium) to 
reduce the toxic and inflammatory effects of lead. Hence, the 
main goal is to make a compromise between the lead con-
centration and tumor cell destruction without causing severe 
inflammation problems as well as lead intoxications. This can 
be counteracted by using selenium as a lead toxicity detoxifier. 

Our study findings demonstrated the potential of lead as a 
possible therapy for melanoma via the induction of necrosis, 
the accompanying inflammatory reactions of which could be 
counteracted by administering lead in combination with sele-
nium, a lead antagonist. Future studies conducted using other 
techniques as well as full pathological studies are necessary to 
explore further the effects of lead and selenium on melanoma 
induction.

Discussion
Our study found that both the weight and total volume of tu-
mors in mice treated with lead (II) chloride tends to be smaller 
with the increasing concentration of lead (II) chloride, results 

Figure 2. Tumor Weight and Volume after 12 days of Treat-
ment with Lead (II) Chloride or Sodium Selenite.
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Figure 3. Tumor Weight and Volume after 12 Days of Treatment with a Sin-
gle Injection of Lead (II) Chloride (PbCl

2
) and Sodium Selenite (Na

2
SeO

3
).
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Figure 4. The Percentages of Apoptosis and Necrosis after 12 
Days of Treatment with Lead (II) Chloride or Sodium Selenite.
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Creating and Completing Service-Learning within Medical 
School Curricula: From the Learner’s Perspective
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Abstract
Background: This article describes a service-learning project implemented at local free clinics by students at the Ohio State University 
College of Medicine and identifies key factors in their success. Methods: In response to a lack of longitudinal patient-physician relations-
hips at free clinics, the students developed an initiative linking free clinic patients with diabetes to primary care homes for longitudinal 
care and counseled patients on the benefits of establishing a longitudinal relationship with a primary care physician. Results: All patients 
counseled were linked, compared to a historical 10% linkage rate, and 78% of patients scheduling initial appointments. Five factors were 
identified and listed by the students as key to the project’s process, success, and impact. Conclusion: Although all of these listed factors 
may prove difficult to replicate, this case-study serves as a model for other medical schools incorporating service-learning and exhibits 
that medical students can become integral portions of healthcare infrastructure.

Keywords: Community Health Services; Students, Medical; Physicians, Primary Care; Curriculum; Physician-Patient Relations. (Source: 

MeSH-NLM).

Introduction
In the United States as well as other countries, diabetes me-
llitus has become a chronic condition that has been best ma-
naged with continuous, quality care. It is estimated that by 
2020, more than half of the American adult population will 
have diabetes or pre-diabetes, ultimately escalating healthcare 
costs to approximately $500 billion per year.1 The bulk of this 
financial burden arises from the prevalence of diabetes and 
the rate of complications due to poor glycemic control within 
notable patient populations including those of lower socioeco-
nomic status and of minority races. Much work has been done 
in the US to provide an ideal model of how to best provide care 
for patients with chronic diabetes through primary care ho-
mes.2 This paper discusses the ability to incorporate different 
resources, such as medical student-driven initiatives, in aiding 
and alleviating the growing strain of poorly managed chronic 
conditions on national health resources through primary care 
home expansion and connection.

In 2013, the Ohio State University College of Medicine (OSU-
COM) implemented the Lead, Serve, and Inspire (LSI) curricu-
lum.3-6 The LSI curriculum emphasizes early student participa-
tion in patient care through community preceptorships and 
team-based projects that promote self-directed learning and 
development of healthcare resources and infrastructure.7,8 In 
LSI, first-year students complete a community project at lo-
cal medical practices.9,10 Each student identifies a specific pa-
tient population and co-develops, with partnering agencies, 
a program addressing medical needs of this population. The 
following report describes the experience of a pilot version at 
the Physicians’ Free Clinic (PFC) directed at providing patients 
with diabetes and no current access to primary care physicians 

an opportunity for longitudinal patient-physician relationships 
and factors leading to this program’s success. 

The Physicians Free Clinic, now recognized as Physicians Ca-
reConnection, is the second largest free clinic in Ohio; the PFC 
provides episodic primary care through urgent care, specialty 
care, and supportive services to patients at 200% of the Fede-
ral Poverty Level without health insurance. After meeting with 
stakeholders including physicians, staff, and OSUCOM faculty, 
students assigned to a pilot group at the PFC identified that 
patients with diabetes seen at the PFC required particular at-
tention: care continuity to best address diabetic management 
and complications was challenging to achieve with a rotating 
volunteer physician schedule. An initiative was drafted by stu-
dents to link patients to primary care resources. This effort was 
commended by stakeholders and local Patient-Centered Medical 
Home (PCMH) leaders as a timely endeavor due to changes in 
national healthcare reform and the demands accompanying it.

Methods
Students completed and analyzed a needs assessment of six 
PFC patients with diabetes, none of whom had a primary care 
physician (PCP). Inclusion criteria consisted of an existing diag-
nosis of Type 1 or Type 2 Diabetes Mellitus (DM), English or 
Spanish as primary language, and at least one prior established 
appointment at the PFC. Individuals less than 18 years of age 
were excluded. 

Consequently, students created a script for a counseling session 
with patients which described the importance of continuing 
care and addressed impediments to accessing care that were 
highlighted by these primary discussions. Students met with 
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each patient privately and held a counseling session describing 
the benefits of PCMHs from a pre-written script.

Each patient’s stage of change regarding attitudes towards 
seeking a PCP was assessed.11 During this initial encounter, 
subjects also completed a survey capturing information on de-
mographics, financial and socioeconomic status, food security, 
social support, primary care provider use, as well as general 
and diabetic health.

Additionally, students expedited linkage of patients to local PC-
MHs by working directly with care coordinating staff at both 
facilities. During this time, the number of referrals, scheduled 
appointments, and attended appointments were noted for each 
patient with the aid of coordinators at each local PCMH. Stu-
dents implemented this work for six weeks while tracking linka-
ge rates and all PCP appointments (Figure 1).

Results
During the six weeks, 23 of 23 patients (100%) were referred to 
a PCMH, with 18 of 23 patients (78%) scheduling an appoint-
ment (Figure 2).

Based on the promising potential of this pilot project, the stu-
dents independently continued beyond the required preceptor-
ship and expanded their work to an additional local free clinic, 
an IRB approved research initiative referred to as the LINKED 
study, and an OSUCOM student interest group to continue coun-
seling sessions for uninsured patients at local clinics.

Expansion allowed: (1) continued quantification of scheduling 
and linkage data, (2) evaluation of the impact of counseling 
and linkage on patient’s health and perceptions of health, and 
(3) generation of a 3 year-sustainable student group recognized 
as linkage counselors.

Discussion
The pilot student group identified factors enabling success 

that can allow other groups to implement similar initiatives in 
hopes of expanding access to primary care for patients with 
inadequate management and attention to their chronic con-
ditions.

1. Teamwork and Diversity of Students
A key component for success within this pilot initiative lay 
within the group itself: students had diverse backgrounds, ne-
tworks of resources, and willingness to develop meaningful 
concepts. While this variety was originally not pre-determined, 
it developed into a crucial aspect of the team’s productivity. 
Students of various programs comprised the initial pilot group 
including independent study program, doctorate of medicine 
and philosophy (MD/PhD), master of business administration 
(MBA), and master of science (MS) candidates. The collabora-
tion of all members enhanced problem solving in regards to 
scheduling, duties, group leadership, and communication with 
patients, partners, and stakeholders. Dual-degree students 
provided skills for evidence-based and hypothesis-driven de-
signs that enriched approaches to clinical improvement; others 
maintained patient-centered focus insuring that emphasis was 
placed on improving patient-based aspects of patient-physi-
cian relationships.

2. Representative Needs Assessment
Initiating a successful service-learning project must begin with 
a detailed needs assessment. The group utilized three different 
resources in doing so: guidance from faculty with pertinent 
experience, patient insight on diabetes-centered healthcare, 
and input from various PFC stakeholders on how to incorporate 
into the clinic’s service to its patients. The group developed 
an adequate cultural understanding of the clinic and its pa-
tients’ needs. This effective assessment ensured that the stu-
dent group contributed, while remaining faithful, to the clinic’s 
vision and future goals regarding chronic care management. 
These conversations yielded the ideas ultimately leading to the 
formation of the LINKED study and student group.

Figure 1. Linkage and Scheduling Process.

Visit Free Clinic
• Meet with medical students 

linkage counselor

Schedule Primary Care 
Appointment
• Representative at CNHC calls

Attend Primary Care 
Appointment
• Receive medical advice and counseling as 

well as prescriptions to help control diabetes

Follow-up
• Linkage counselor calls to inquire about 

primary care home and diabetes status

Schedule Follow-up 
Appointment

Attend Follow-up 
Appointment
• Modify treatment as necessary.
• Gain control in regards to 

diabetes management

Legend: A typical clinic night begins with meeting patients and discussing the benefits of a PCP. Interested patients were put in touch with a representative 
that set up a primary meeting with a PCP. Patients attended an appointment, were provided information on diabetes management, and possibly scheduled 
follow-up appointments.
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3. Autonomy and Sustainability
Once trained in patient interactions and triaging procedures 
at the PFC, the students were given autonomy to implement 
and carry through the project. Counseling was integrated within 
the usual clinic flow and students targeted expedient linkages 
with PCMH partners. From years 1 to 2, students recruited and 
sustained the project with 6 students, later increasing to 15, 
and gained recognition and funding as a student organization 
through the OSU Student Union and within the medical school. 
The success of the pilot program and its ultimate growth hin-
ged upon this autonomy and self-sufficiency.

4. Witnessing Linkage, Health Outcomes, and Impact on Patients
Sharing linkage rates with educators, physician leaders, clinic 
and PCMH staff yielded many positive responses. Outcomes 
showed a referral rate of 100% compared to 10% obtained by 
PFC in previous years; of those referred, 78% scheduled an ini-
tial appointment and 35% were linked to PMCHs with multiple, 
attended appointments (Figure 2). The influence of this positive 
feedback fueled efforts of subsequent students to expand this 
work along with the support of all stakeholders.

Due to this success, a research study was further drafted and 
approved to assess (1) linkage rates, (2) patient health before 
and after linkage, (3) emergency department and free clinic 
use before and after linkage, and (4) identification of barriers 
to linkage. The student’s ability to quantify their initial clinical 
and community impact substantiated continuing community 
collaborations for the LSI curriculum and further highlighted 
the contributions medical students can provide as a mode of 
community resources.

5. Right Place, Right Time
This final factor was critical to the success of the pilot group. 
During the time of needs-assessment implementation, the PFC 
was in early stages of a paradigm shift towards linking its pa-
tients to PCMHs, but exhibited a low referral rate (10%). The 
student team’s success gave PFC evidence to support hiring 
two full-time linkage coordinators for their staff, demonstrating 
a fortuitously timed service by students for a community part-

Makadia F, et al. Creating and Completing Service-Learning within Medical School Curricula: From the Learner’s Perspective

ner. It is not by chance that the students decided to pursue this 
particular project. Close coordination with clinic staff yielded 
directly relevant work that provided beneficial contributions 
beyond the boundaries of student preceptorships; this rela-
tionship provided the insight and support necessary to positi-
vely enhance clinic flow to improve patient care, support, and, 
potentially, long-term health.

Service-learning involves integrating academic curricula with 
meaningful service to enhance both aspects through formal 
and informal reflection. Based on the students’ success and ex-
periences in linkage, the PFC has further developed their efforts 
to link patients by expanding their staff to ensure adequate 
patient linkage – a move that relieves the financial burdens 
of unmanaged diabetes as well as expands the presence of 
the clinic in the Ohio community. The linkage process has also 
been an effort that health care providers and PCMHs have con-
sidered to ensure continuity of care with the same physician 
and improve long-term healthcare outcomes. Thus, the goals of 
the preliminary LINKED study align with the current reform in 
healthcare seen in the United States.

While this initiative has provided fruitful implementation of 
counseling and linkage at local free clinics, its impact is limited 
by sample size; the subsequent study inspired by this pilot 
group further addresses these concerns. Additionally, due to 
the nature of the patients’ social infrastructure, timely and re-
liable communication for follow-up proved to be difficult; this 
was managed with strong relationships with local PMCHs which 
allowed for collection of linkage data.

The initiative described is one example of successful servi-
ce-learning. The combination of motivated students, autonomy 
and flexibility, quantification of impact, and location at a fa-
cility ready for change led to successful implementation and 
continued expansion of the LINKED initiative. The LINKED project 
can be used as a model of service-learning within a medical 
school curriculum that aligns with current changes in national 
healthcare infrastructure while enhancing the local healthcare 
infrastructure in helpful and practical manners.

Figure 2. Initial Scheduling and Linkage Results.
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Legend: Of the original 23 patients interviewed at the PFC, 23 (100%) were referred to PMCHs compared to the historical 10% rate at the PFC. Eighteen patients 
of the original 23 (78%) made an initial appointment with a primary care home and 12 (52%) attended those meetings. Overall, 35% of all patients met and 
counseled were longitudinally linked with multiple, attended appointments with their PCP.
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Mutation in Genes FBN1, AKT1, and LMNA: Marfan Syndrome, Proteus 
Syndrome, and Progeria Share Common Systemic Involvement
Tonmoy Biswas.1

Abstract
Genetic mutations are becoming more deleterious day by day. Mutations of Genes named FBN1, AKT1, LMNA result specific protein malfunction that 
in turn commonly cause Marfan syndrome, Proteus syndrome, and Progeria, respectively. Articles about these conditions have been reviewed in 
PubMed and Google scholar with a view to finding relevant clinical features. Precise keywords have been used in search for systemic involvement of 
FBN1, AKT1, and LMNA gene mutations. It has been found that Marfan syndrome, Proteus syndrome, and Progeria commonly affected musculo-skeletal 
system, cardiovascular system, eye, and nervous system. Not only all of them shared identical systemic involvement, but also caused several very 
specific anomalies in various parts of the body. In spite of having some individual signs and symptoms, the mutual manifestations were worth mentio-
ning. Moreover, all the features of the mutations of all three responsible genes had been co-related and systemically mentioned in this review. There 
can be some mutual properties of the genes FBN1, AKT1, and LMNA or in their corresponding proteins that result in the same presentations. This study 
may progress vision of knowledge regarding risk factors, patho-physiology, and management of these conditions, and relation to other mutations.

Keywords: Genetic mutation; Marfan syndrome; Proteus syndrome; Progeria; Gene FBN1; Gene AKT1; Gene LMNA; Musculo-skeletal system; 
Cardiovascular system; Eye; Nervous system (Source: MeSH, NLM).
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Introduction
The haploid human genome consists of 3 billion nucleotides 
but changes in one single base pair can result in dramatic phy-
siological malfunctions.1 Mutations are changes in the genetic 
sequence at different levels that cause diversity among orga-
nisms.2 This can be happened by way of a number of factors.

Mutation is common in all types of organisms which is chie-
fly classified in three types; deleterious mutation with harmful 
effect upon host, neutral mutation with no effect, and advan-
tageous mutation for welfare of the organism. But, most of the 
non-neutral mutations are deleterious.2-3

If a deoxyribonucleic acid (DNA) repair mechanism fails, the 
physiological consequences of a mutation are quite inconstant, 
ranging from single cell death or cell carcinoma to hereditary 
genetic outcomes. Mutations in germline cells of human ge-
nerally produce inheritable consequences, while mutation in 
somatic cells of human ordinarily only have outcomes affecting 
the individual in which the mutation occurs (National Coun-
cil for Science and the Environment, Washington, DC. Available 
from: http://www.eoearth.org/view/article/159530/, updated 
2014 April 10, cited 2014 April 18).

Every cell, in order to function properly, depends on thousands 
of proteins to function in the right places at the right times. 
Changes in DNA caused by mutation can cause errors in protein 
synthesis, creating partially or completely non-functional pro-
teins which in combination ultimately could result in genetic 
disorders.4

Records in human mutation databases are increasing day by 
day.5 Even about one hundred thousand diseases showed as-
sociation with mutation of only 3,700 genes.6 Around 300 new 
"inherited disease genes" (and about 10,000 new mutations) 
are added to the record book in a year.7 The Human Gene Mu-
tation Database (HGMD) is a complete assortment of germline 
modifications in nuclear genes containing over 141,000 muta-
tions identified in more than 5,700 different genes up to June 
2013.8 The first genetic mutation was reported in the year 1977 
in HGMD Professional database with a maximum entry of 13,490 
in 2013. Among the entries Missense/Non-sense mutations are 
more than 82,000 (Human Gene Mutation Database. Available 
from: http://www.hgmd.cf.ac.uk/ac/hahaha.php, updated 2014 
April 12, cited 2014 April 18).

Besides some common disorders, mutations sometimes re-
port some rare diseases like progeria, Marfan syndrome (MFS), 
Mandibuloacral dysplasia (MAD), Loeys–Dietz syndrome, Wol-
ff-Parkinson-White Syndrome, Ehlers–Danlos syndrome, Proteus 
syndrome, Cantu syndrome, etc. Some of them shows same 
prevalence pattern, some shows nearly same clinical featu-
res and presentations. But, in spite of knowing about affected 
proteins of mutation, the actual pathogenesis and course of 
the disease is not clear. Over a decade have passed after the 
completion of human genome project but the gene mutation 
diseases’ treatment is still in a labyrinth. For a better treatment, 
pathogenesis should be discovered and to look through it, it is 
needed to track the effects of affected proteins which is reflects 
by common manifestations in different systems of the body.

1 5th year MBBS, Faridpur Medical College, University of Dhaka, Bangladesh.
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The reason for selecting these three genes is to study their little 
known pathophysiology. The documented similarities between 
them were wanted to compile in a review.

Search Strategy and Selection Criteria
A literature search was conducted using Google Scholar, Pub-
Med (Medline), The Human Gene mutation Database, and 
Genetic Home of US national Library. Key word combinations 
included “Marfan syndrome clinical features”, “Proteus syn-
drome features”, “Progeria syndrome features”, “Gene FBN1 
mutation”, “Gene AKT1 mutation”, Gene LMNA mutation”. One 
hundred thirty five articles were chosen for review. The inclu-
sion criteria incorporated the articles on disease case reports, 
databases, review papers and original papers. The exclusion 
criteria were unavailability of any full article, unclear presen-
tation, non-relevant study and reports of different languages 
other than English. The common features were assembled into 
this narrative review. This review follows the Preferred Repor-
ting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
Statement.9

Gene FBN1, AKT1, LMNA and associated proteins
FBN1 gene is located on chromosome 15q15-21.3.10 This gene 
is 200kb and divided into 65 exons.11 It encodes fibrillin-1,10 
a large extracellular matrix glycoprotein which assembles in 
extracellular matrix. In this matrix, fibrillin-1 binds to other mo-
lecules of it and other proteins to form 10-12 nm threadlike 
filaments called microfibrils.12 Microfibrils are main constituent 
of elastic fibers responsible for stretching and supporting many 
tissues of the body. It also store a protein called transforming 
growth factor beta (TGF-ß), a critical growth factor which helps 
in proliferation, differentiation, motility, and apoptosis of cells. 
Microfibrils help to regulate the availability of TGF-ß, which is 
inactivated when stored in microfibrils and activated when 
released (National Library of Medicine, NLM, Genetic - FBN1. 
Available from: http://ghr.nlm.nih.gov/gene/FBN1, updated 2014 
April 12, cited 2014 April 18).

AKT1 is located on chromosome 14q32.32. It is also known as 
PKB, RAC-PK. This gene initiates for a protein called AKT1 kinase 
which is responsible for signaling in the cells for its growth, 
multiplication, stability and apoptosis (NLM, Genetic - AKT1. 
Available from: http://ghr.nlm.nih.gov/gene/AKT1, updated 2014 
April 12, cited 2014 April 18).

In mouse, it is found that, during apoptosis, Akt is cleaved by 
caspases and mediates survival signals for protection against 
apoptosis.12 Signaling involving AKT1 kinase also appears to be 
vital for the usual growth and function of the nervous system. 
It has a role in cell-to-cell communication among neurons, neu-
ronal survival, and the formation of memories. The AKT1 gene 
belongs to a class of genes known as oncogenes.13

The LMNA gene, also known as lamin A/C is located on the long 
(q) arm of chromosome 1 at position 22. More precisely, the 
LMNA gene is located from base pair 156,082,545 to base pair 
156,140,088 on chromosome 1.14,15 This gene translates some 
slightly diverse proteins called lamins; among them lamin A 
and lamin C are common in the most body cells. These proteins 
have an almost duplicate sequence of amino acids. The small 
difference in the sequence makes lamin A longer than lamin C 

due to encoded by an extra exon.15 Lamins A and C are structu-
ral proteins called intermediate filament proteins that provide 
stability and strength to cells. Lamins A and C are scaffolding 
(supporting) components of the nuclear envelope. Specifically, 
these proteins are located in the nuclear lamina where it regu-
lates the movement of molecules into and out of the nucleus. 
Between lamin A and C, only the lamin A protein must be 
processed from prelamin A before becoming part of the lamina 
(NLM, Genetic - LMNA. Available from: http://ghr.nlm.nih.gov/
gene/LMNA, updated 2014 April 12, cited 2014 April 18).

Mutation of the Gene and diseases
Mutation in the Gene FBN1 causes MFS, Ectopia lentis, 
Shprintzen-Goldberg syndrome, and Hereditary aortic aneu-
rysm. A mutation in the FBN1 gene has also been identified 
with Weill-Marchesani syndrome, stiff skin syndrome, neo-
natal MFS,10,16 Juvenile idiopathic arthritis, and acromicric or 
geleophysic dysplasias.17

When mutation occurs in AKT1 gene, it causes Proteus syndro-
me. AKT1 gene is an oncogene which can create breast, ovarian 
and colorectal cancer after mutation and may have some asso-
ciation with schizophrenia (NLM, Genetic - AKT1. Available from: 
http://ghr.nlm.nih.gov/gene/AKT1, updated 2014 April 12, cited 
2014 April 18). Mutation in gene AKT1 may also causes endome-
trial carcinoma,18 bladder tumors,19 squamous cell carcinoma of 
lung,20 metastatic thyroid cancer,21 hepatocellular carcinoma, 
and acute leukemia,22 and many other tumors of the body.33

Mutations in the LMNA gene are related to a number of disea-
ses, including Hutchinson-Gilford progeria syndrome (HGPS), 
limb girdle muscular dystrophy, familial partial lipodystrophy, 
Emery-Dreifuss muscular dystrophy, dilated cardiomyopathy, 
Charcot-Marie-Tooth disease. The mutated gene of lamin A that 
causes HGPS commonly known as progerin.23,24 Loss of lipid 
level, type-2 Diabetes mellitus, Dispersed Leukomelanodermic 
Papules, mandibuloacral dysplasia, lethal restrictive dermopa-
thy, and atypical progeroid syndrome (APS) are also result of 
mutation in LMNA gene.128

In latter sections, MFS due to FBN1 mutation, Proteus syndrome 
due to AKT1 mutation and Progeria syndrome due to LMNA muta-
tion is going to be discussed for common systemic involvement.

Common systemic involvement of these 
gene mutations
Musculo-Skeletal system
The phenotypes of MFS caused by FBN1 mutation, Proteus syn-
drome caused by AKT1 mutation and Progeria caused by LMNA 
mutation commonly results musculo-skeletal system abnormality.

In MFS, most of the visible signs are related to the skeletal 
system. Persons may have dolichostenomelia, arachnodactyly, 
abnormal indentation or protrusion of the sternum, stooped 
shoulders, malocclusions,25 abnormalities of the spine,26 pre-
sence of osteopenia (mainly in Marfan children), inadequate 
bone acquisition.28 The diagnosis of MFS relies on defined clini-
cal criteria (Ghent nosology), outlined by international expert.29 
MFS causes the femoral head protruding into abnormally deep 
hip sockets (protrusio acetabuli).25 Protrusio acetabuli is a crite-
rion for the diagnosis of MFS. If acetabuli is protruded for long 

Biswas T. Mutation in Genes FBN1, AKT1, and LMNA: Marfan Syndrome, Proteus Syndrome, and Progeria Share Common Systemic Involvement
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time, it can cause anomaly in the hip joint and acetabular line.19 
MFS also shows vascular smooth muscle cell apoptosis.30,31

In Proteus syndrome, skeletal abnormalities are the most fre-
quent findings.35 Proteus syndrome shows megaspondylodys-
plasia,32 and cranio-facial abnormalities.33-35 Abnormal bony ed-
ges, bony invasions, joint immobility, and loss of overlying soft 
tissues have been reported in cases of it.33,34 Manifestations of 
Proteus syndrome include large sized finger in association with 
permanent medial or lateral deflection of one or more fingers, 
fusion of the bones in fingers or toes, or webbing of the soft 
tissues between the digits.35

In this condition, overgrowth of muscle and abnormally lar-
ge muscle group with asymmetric muscle development are 
found.36 Some smooth Muscle shows hyperplasia.37,38

In Progeria caused by LMNA mutation, skeletal defects inclu-
de severe osteolysis,39 hypoplasia, dysplasia, and pathological 
fractures. It can cause severe alterations in osteogenesis, in-
cluding craniofacial disproportion with a “plucked bird” appea-
rance,40,43 short dystrophic clavicles, and thin and high pitched 
voice that may also occur.40,42,43 It also cause resorption of the 
clavicle,41-43 microvascular inadequacy, matrix abnormalities, 
bony maldevelopment, abnormally broad metaphyses and epi-
physes, avascular necrosis of the femoral head.42 The patients 
also have an extremely aged appearance and the limbs are 
usually thin and may be associated with stiff joints, and coxa 
valga. They also demonstrate “horse riding” stance and wide 
based shuffling gait.43 The ranges of motion for wrist, ankle, 
and hip rotation may decrease than normal.41 There is chance 
of stooped shoulders, calcaneovalgus, genu valgum, kyphosis, 
or calcaneo varus.41,43 The muscle strength is preserved.41,44,45

More specifically, MFS and Progeria both cause abnormal chest 
cavity where MFS can cause pectus excavatum or pectus cari-
natum,25 and Progeria may cause pyriform thorax with tapering 
of ribs.40-43 Osteopenia occurs in both of the cases which is axial 
or peripheral in MFS,37 and generalized in progeria.40-43 MFS also 
share pathological fracture and vascular smooth muscle cell de-
fect with progeria.28,31,40,44 On the other hand, Proteus syndrome 

and progeria both have dental abnormalities where Proteus sy-
ndrome may cause alveolar dental ridges,35 and Progeria cause 
dental crowding with delayed teeth eruption.41-43

Some other regular features of musculo-skeletal system which 
are common in all these three mutations are discussed in the 
Table 1.

Cardio-vascular system
The MFS, Proteus syndrome and Progeria commonly cause car-
dio-vascular system abnormalities.

In MFS, cardio-vascular systems, usually diagnosed in young 
age is associated with poor prognosis.46 Cardiac arrhythmias, 
sudden cardiac death, endocarditis,47-49 are also cardiovascular 
manifestations of the MFS. Mitral Valve Prolapse is indicated as 
a useful diagnostic tool.47,50,51 The cardiovascular manifestations 
are the leading cause of death in MFS.51 MFS can also cause 
dilatation of the main pulmonary artery (MPA), dysfunction of 
the myocardium due to microfibrillar defect,51 abnormal rea-
ding on an electrocardiogram (ECG) but aortic wave reflection 
is not elevated in MFS.51-52 Infantile MS presents high morbidity 
with mitral regurgitation and heart failure.53 Clinical presenta-
tions of these manifestations comprise short breath, cardiac 
palpitations, abnormal heartbeats or angina pectoris with pain 
radiating to the back, shoulder, or arm.52 Myocardial infarction 
and bacterial endocarditis are some cardiac causes of death.54 
In vascular system, there can be many types of defects in ar-
terial wall including calcification. Rarely it shows axillary artery 
aneurysm.55,56

Proteus syndrome affects cardiac system less but sometimes 
it reports complex congenital heart disease and some myocar-
dial abnormalities.57-59 Multiple superficial, visceral and vascular 
abnormalities are present in Proteus syndrome.60 Vascular mal-
formations have also been reported in this case with variety of 
types. They grow proportionately with the patient: they never 
regress, but they can expand.33 It can also cause cerebral vas-
cular malformations,61 vascular tumors, portwine stains (PWS), 
and venous anomalies (varicosities, prominent veins).62

Biswas T. Mutation in Genes FBN1, AKT1, and LMNA: Marfan Syndrome, Proteus Syndrome, and Progeria Share Common Systemic Involvement

Involvement of Marfan syndrome 34,35,39 Proteus syndrome 42-45,47 Progeria 48-52,54

Extremities Long and slender limbs, finger, toes, 

wrists that grows disproportionally. Flat 

feet, Hammer toes.

Macrodactyly of hands & feet. Clinodac-

tyly, Syndactyly, Polydactyly of fingers 

and toes. 

Hypoplasia and pathology of arm, leg, finger, 

and toe. Narrow and thin shaft of femur and 

humerus. Resorption of terminal phalanges and 

dystrophic nails. 

Spine Abnormal curvature of spine (scoliosis), 

kyphoscoliosis and other abnormalities. 

Vertebral dysplasia, asymmetry and en-

largement.

Severe scoliosis and decreased spinal flexion.

Skull and fa-

cial

High palate, small jaw Calvarial thickening, frontal bony promi-

nence, macrocephaly, hyperostoses of 

the skull. Nasal bridge deformity, exter-

nal auditory canal overgrowth.

Persistent open fontanelles, cranio-facial dispro-

portion, short and sculptured nose, large bald 

head, small jaw.

Joint Abnormal flexion, pain, early osteoar-

thritis.

Abnormal flexion Avascular necrosis of joint bones, Hip disloca-

tion.

Motion Limited. Limited. Limited.

Muscle Atrophy and hypoplasia. Rarely. Atrophy may present in quadri-

ceps femoris.

Sometimes atrophy.

Table 1. Common Features Found in Marfan Syndrome, Proteus Syndrome, and Progeria Involving Musculo-skeletal System.
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In HGPS, the principal factor affecting mortality in individuals 
is cardiovascular disease. The description of the cardiovascular 
features of HGPS has proven to be quite consistent,63 that inclu-
de prominent atherosclerosis and calcification of coronary arte-
ries and others. The coronary artery disease leads to ischemic 
changes in the myocardium, including well-defined infarcts. In 
addition, it may also cause narrowing of the small intramural 
arteries, which may contribute to myocardial fibrosis.64 Chest 
x-rays shows cardiac enlargement and the electrocardiogram 
(ECG) shows right atrial hypertrophy sometimes.65 Sonographic 
and ECG evidence of myocardial ischemia is not common initia-
lly, but after a few years, echocardiograms and carotid Doppler 
sonography may show hypertrophy of the intimal layer of the 
internal carotid artery. Atherosclerotic changes, tricuspid valves 
with increased echo texture, left and right atrial dilatation, cal-
cific aortic stenosis, cardiomegaly, and hypercholesterolemia 
are also seen in progeria.65,66 Death from cardiac complications 
at an average age of 14 years is usually preceded by angi-
na pectoris and myocardial infarction,66 caused by progressive 
atherosclerotic disease.66 Children may die of myocardial infarc-
tion when they are found with diffuse loss of vascular smooth 
muscle and endothelial cells throughout their coronary arteries 
and replacement by fibrosis and adventitial thickening.67 If an 
old man has typical HGPS, he shows refractory congestive heart 
failure due to arteriosclerotic heart disease and hypertension, 
and also has arteriosclerosis obliterans.68 Sometimes loss of 
vascular smooth muscle cells (VSMCs) in the great vessels, ve-
ins, smaller arteries, and arterioles is seen in a case of proge-
ria. There is spontaneous breaks in elastic structures,63,67 and 
prominent adventitial fibrosis too.69 Vascular atherosclerotic 
changes may cause subdural hemorrhage leading to death in 
some cases. Small collagen fibrils in the atherosclerotic intima 
and media with extensive loss of mural smooth muscle cells 
in the aorta are also reported.70 Progeria can cause cerebral 
infarction and renal infarction.62

More specifically, MFS and Progeria both cause mitral valve 
calcification and increased echo texture.51,63-65 MFS also cause 
mitral valve prolapse, regurgitation, fluttering of mitral leaflet,47 
and severe rheumatic mitral stenosis.49 MFS and Proteus syn-
drome also share ventricular hypertrophy and dysfunction,50,51,65 
systolic and diastolic abnormality,51,66 cardiac murmur, angina 
pectoris, congestive cardiac failure and myocardial infarction 
in common.52,54,66 On the other hand, Proteus syndrome and 
Progeria both can cause thickening of myocardial septum,59,65 
cardiomyopathy, myocardial fibrosis and mass,59,66 and abnor-
mality in vascular endothelium.33,63,67

Some other regular features of cardio-vascular system which 
are common in all these three mutations are discussed in the 
Table 2.

Eye
The MFS, Proteus syndrome and HGPS commonly affect eye.

In MFS, eye complications such as lens dislocation or ectopia 
lentis occur in more than half the people who have MFS, earlier 
in women,73 and in some cases it is progressive (Mayo Clinic 
- MFS. Available from: http://www.mayoclinic.org/diseases-con-
ditions/marfan-syndrome/basics/complications/con-20025944, 
updated 2014 April 07, cited 2014 April 18).71,72 Glaucoma is 
also common at a younger age which can damage the op-
tic nerve.74,75 Sometimes MFS reports phthisis bulbi, bilateral 
or unilateral blindness.74-76 The another ocular abnormality is 
enlargement of the globe, presumably caused by stretching 
of the tunica scleralis, and the zonular fibers.71 Some studies 
suggest prevalence of retinal detachment and some suggest 
prevalence of ectopia lentis. This variation recommend other 
genotype–phenotype relationships exist which may account for 
differences in ocular manifestations of MFS.73

The ocular manifestations of a Proteus syndrome are due to se-
vere maldevelopment and malfunction of the neuroretina. Epi-
bulbar tumors are recorded most commonly,76 while periorbital 
exostoses are infrequent,77,81 extraocular tendons and posterior 
segment involvement can be seen in a case of Proteus syn-
drome presenting with vertical strabismus secondary to a fi-
brous tumor within the superior oblique tendon.78,79 Sometimes 
myopia associates with mild calcific band, abnormal vitreous 
structure, vitreous hemorrhage, and a resolved serous retinal 
detachment in a patient of Proteus syndrome.81 The oncogene 
of Proteus syndrome may show some overgrowth syndromes in 
eyes.81 Sometimes epibulbar cystic lesions with nodular gliosis 
are also reported in this condition.81

In Progeria, loss of eye brows and eye lashes with prominent 
eyes is common in the early childhood.43,83 Eyelid retractions, 
lagophthalmos, superior sulcus deformity, upper lid lag in 
down gaze, and poor pupillary dilatation are also reported. 
In the HGPS, eyes look prominent (pseudoproptosis) probably 
due to lid retraction, although there is no true proptosis. Su-
perior sulcus deformity may also occur due to lipodystrophy of 
the orbital fat. Patients with HGPS do not develop other ocu-
lar features associated with aging, such as presbyopia, arcus 
senilis or age-related macular degeneration. Other rare ocular 

Traits Marfan syndrome 56,60,64,65 Proteus syndrome 66-68,71 Progeria 72-75,77,79

Aorta Aortic aneurysm, regurgitation, Aortic 

rupture, stiffness, dissection. Dilation 

of ascending aorta

Aortic malformation Atherosclerosis of aorta, dilated ascending aorta, 

thickening and calcification of aortic valve, loss of 

vascular smooth muscle cell in descending aorta.

Heart 

conduction

Arrhythmia Thickening of myocardial septum 

may affect conduction.

ECG shows giant P waves

Contractile 

dysfunction

Present Thickening of myocardial septum 

may affect contraction.

Present

Hyperplasia of 

arterial wall

Seen Seen Seen

Table 2. Common Features Found in Marfan Syndrome, Proteus Syndrome, and Progeria Involving Cardio-vascular System.
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manifestations of the HGP syndrome are bands of skin running 
from the upper lid to the cornea, senile ectropion, ptosis with 
Marcus-jaw-winking phenomenon, dry-eye syndrome, and iri-
docorneal adhesions.83-85

More specifically, MFS and Proteus syndrome both cause optic 
nerve damage,74,75 and the former can also cause hypoplasia and 
papilledema of optic nerve.79,82 Proteus syndrome and Progeria 
both have features of nystagmus or nystagmoid movements.76,83

Some other regular features of eye which are common in all 
these three mutations are discussed in the Table 3.

Nervous system
The MFS, Proteus syndrome and Progeria commonly cause ner-
vous system abnormalities.

In MFS, the most common and classic neurological manifes-
tations are cerebrovascular.86,87 Patients with MFSmay have a 
subarachnoid hemorrhage or intracranial aneurysm,88 and near 
total erosion of a pedicle. Dural ectasia can be added to the list 
of pleiotropic manifestations of the MFS.89 There is probability 
of heterogeneous involvement of other components of Extra 
Cellular Matrix microfibrils at the basis of this cerebrospinal 
manifestation.90,91 Dural ectasia with bone erosion which are 
often reported in this condition can be associated with seve-
re postural headache secondary to spontaneous intracranial 
hypotension resulting from cerebrospinal fluid leaks caused 
by underlying fibrillinopathy.91-93 It is recognized as a potential 
complication in children with MFS,93 and also reported with 
severe back pain in adults.94,95 When neural symptoms or fin-
dings do occur they may be related to stretching and traction 
mechanisms.91

Proteus syndrome often presents hemimegalencephaly with 
high incidence of other brain anomalies.96,97 These include 
hypoplasia of the corpus callosum and crus cerebri, grey and 
white matter calcification and cortical migration/organisational 
disorders.96 Neurologic sequelae caused by vertebral anoma-
lies are reported too.98,99 Proteus syndrome has evidence to 
develop pinealoblastoma, Dandy-Walker malformation, cor-
pus callosal abnormalities, periventricular calcification, hypo-
dense periventricular white matter, and mental deficiency. 
Hemimegalencephaly is not a finding in this entity; reported 
abnormalities include hydrocephalus, porencephaly, cerebral 
calcifications, and polymicrogyria. Additional Central Nervous 

System (CNS) findings are thought to be the sequelae of vascu-
lar dysplasia, and include infarcts, atrophy, porencephaly, and 
calcifications.100 Some neurological defects like hydrocephaly, 
lissencephaly, partial agenesis of the corpus callosum are also 
reported with the Proteus syndrome.101 It may cause paraspi-
nal hamartoma.99 Protuberance of the skull,102 structural and 
functional asymmetry of the central nervous system,103 hydro-
cephalus and mental retardation are also some features of pro-
teus syndrome.102 Epilepsy and ohtahara syndrome is diagno-
sed in children affected by Proteus syndrome associated with 
infantile spasms, myoclonia, and partial epilepsy in newborn 
infants.97

In HGPS, diffuse encephalopathy, and Pseudotumor cerebri has 
been reported.41 Even a mild head injury can cause intracranial 
pathology in a progeria patient. Progressive atherosclerosis of 
intracranial vessels is responsible for formation of the hema-
tomas in this condition.104,105 In progeria, motor and mental de-
velopment is normal, as are intelligence.106 But there may be a 
low-frequency conductive hearing loss.107

There is chance of Peripheral neuropathy,108 cerebrovascular di-
sease of aging in this age related disease, progeria.109

More specifically, MFS and Progeria both may cause heada-
che,91-93,104 and do not have any mental retardation.105,106 MFS 
and Proteus syndrome both have spinal cord involvement whe-
re MFS may cause spinal Cerebro-spinal Fuild (CSF) leaks, spi-
nal arachnoid diverticula, trauma, and congenital enlargement 
of spinal canal,90,91,94 and Proteus syndrome may cause spinal 
stenosis, paraspinal tumor, and spinal cord compression.98,99 
On the other hand, seizures in seen in both Proteus syndrome 
and Progeria.100,102,104

Some other regular features of nervous system which are com-
mon in all these three mutations are discussed in the Table 4.

Not shared systemic phenotypes
MFS often presents spontaneous recurrent or bilateral pneumo-
thorax,110 congenital malformations,111 pneumonia, bronchiecta-
sis, emphysematous bullae, upper lobe fibrosis, aspergilloma 
and other lung related disorders.110-114 Patients may have lower 
values of Forced Vital Capacity and Total Lung Capacity and 
other spirometric values,115 with a decrease in carbon monoxi-
de transfer factor, and lung elastic recoil.115 Other Lesser known 
areas of involvement are renal and dermatologic.111,117

Traits Marfan syndrome 81-86 Proteus syndrome 87,88,90-92 Progeria 94,96

O p t h a l m i c 

anthropome-

tric measures

Increased axial length Overgrowth syndromes can cause 

length or distance abnormality

Reduced horizontal palpebral fissure length, inter 

pupillary distance, inner canthal distance and outer 

canthal distance.

R e f r a c t i v e 

errors

Myopia and astigmatism High myopia Myopia or hyperopia

Cornea Unilateral corneal opacities, flat cornea Keratopathy Corneal dryness, opacities, clouding and keratopathy.

Retina Detachment or tear in the retina Abnormal retinal pigment, dysgene-

sia. Diffuse retinal disorganization 

and chorioretinal mass

Retinal arteriolar narrowing, tortuosity, Retinal angios-

clerosis and retinopathies.

Cataract Seen Seen Seen

Strabismus Present Present Present

Table 3. Common Features Found in Marfan Syndrome, Proteus Syndrome, and Progeria Involving Eye.
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In proteus syndrome, Patients most commonly show bilate-
ral ovarian serous cystadenomas, mesothelioma, and papi-
llary carcinoma of the thyroid.118 Connective tissue nevus and 
brownish epidermal nevus in various region,33,119 benign and 
malignant tumors and hamartomas are also seen in proteus 
syndrome. Commonly encountered tumors include hemangio-
mas, lymphangiomas, lipomas, epithelial tumor of the female 
genital tract, testicular and paratesticular tumors.119 Four types 
of abnormal fat may occur in Proteus syndrome: lipomas, lipo-
hypoplasia, fatty overgrowth, and partial lipohyperplasia. There 
may be Fatty matter infiltration, Subependymal nodules, and 
Parenchymal distortion. Other rare tumors include Meningioma, 
Parotid monomorphic adenoma, Astrocytoma, Optic nerve tu-
mor, Pinealoma, Breast intraductal papilloma, Leiomyoma, En-
dometrial carcinoma, and giant kidney cysts. Multiple tumors 
in the same patient are often seen in proteus syndrome,33 with 
distal renal tubular acidosis and nephrocalcinosis, dilated and 
tortuous renal veins with possible calcifications.120

Progeria can cause low weight, vertical midline groove in the 
chin, sclerodermatous skin, reduced subcutaneous fat,121 promi-
nent superficial veins, dyspigmentation, and alopecia of skin.122

A progeria case may present some biochemical abnormalities like 
hypoaminoacidemia, hyperaminoaciduria, increased radioactive 
Iodine uptake in thyroid, and other abnormalities in blood.123

Progeria patients may be seen to sleep with open eyes, labial 
weakness, and nasal speech affecting speech fluency.43 Loca-
lized glomerulosclerosis, tubular atrophy, mesengial matrix 
growth, papillary adenoma are shown in older cases.124

Vision of future research
The genes responsible for the three diseases are not known to 
interact, so the possibility of mutation in any of them affecting 
functions of the other two is quite unlikely. However, recent stu-
dies suggest that mutations in the penultimate exon of FBN1 (in 
the 3' terminus) give rise to a neomorphic phenotype leading to 
a condition known as Wiedemann-Rautenstrauch syndrome,125 a 
rare disorder characterized by overlapping of the clinical mani-
festations of both marfan's syndrome and progeroid syndrome. 

It has been suggested that, this rare subgroup of MFS, compri-
sed of congenital lipodystrophy, a neonatal progeroid appea-
rance,126 and a progressive clinical course with early lethality, 
should be referred to as marfanoid-progeroid syndrome.127 
Evidence of involvement of any mutation in the LMNA gene, 
the one associated classical progeria has not been unveiled till 
now.125 Any association of mutation in the AKT1 gene with the 
aforementioned circumstances is yet to be explored.

Conclusion
Genetic mutation is day by day increasing entries in the disea-
se directory and started threatening the mankind like never be-
fore. MFS, Proteus syndrome, and Progeria are one of the most 
recognized mutation related diseases caused by mutation of 
FBN1, AKT1, and LMNA genes correspondingly. If we go through 
the Clinical features and systemic involvements of these mu-
tations, we can find common involvement of musculo-skeletal 
system, cardiovascular system, eye, and nervous system. In 
musculo-skeletal system, deviations of spinal curvature, ab-
normalities in the extremities, skull, and facial bones are re-
ported in all the three mutations. All cause abnormal flexion 
and limited range of motion of joints. In cardiovascular system, 
all the three mutations have reported abnormality of the aor-
ta and cardiac conductive system. Contractile dysfunction of 
heart and hyperplasia of arterial wall have been seen in com-
mon too. In case of eye, MFS, Proteus syndrome, and progeria 
share many clinical features. All cause cataract, strabismus, 
and refractive errors along with same kind of retinal and cor-
neal abnormalities. These mutations also have described some 
common nervous system features where all cause meningeal 
abnormalities, neurovascular abnormalities, congenital and de-
velopmental abnormalities. Stroke has been seen in all the 
three cases too. Though the mentioned mutations have certain 
individual unique characteristics too, the outcomes indicate 
that there can be some relation among the proteins related to 
these mutations, or among the genes of which modification 
occurs. The results of this review will enrich the field of genetic 
research and medicine. Furthermore, this study can help to 
acknowledge the reported sign & symptoms of three diseases 
and inter-relation among them. Additionally, it is recommen-
ded to have more attention in this field.

Traits Marfan syndrome 97,98,100,102-107 Proteus syndrome 111-113 Progeria 50,116,118

Neurovascular Cerebral artery aneurysm, dissection, 

hemorrhage and ischemia.

Vascular dysplasia, infarction 

and hemorrhage

Transient ischemia, stenosis of cerebral, vertebral and 

basilar arteries, arteriosclerosis, atherosclerosis, Epidural 

hematoma

Stroke Seen Seen Seen

Meninges Dural ectasia, hernia of meninges or 

meningocele

Meningioma Meningeal hematoma.

Congenital CNS 

abnormality

Present Present Present

Developmental 

CNS abnormality

Present Present Present

Table 4. Common Features Found in Marfan Syndrome, Proteus Syndrome, and Progeria Involving Nervous System.
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Ocular Auscultation: A Review
Daniel Fernando Gallego,1 Ana Maria Rivas-Grajales,2 Carlos Jose Gallego.3

Abstract
Ocular auscultation is a commonly neglected step of routine physical examination. An adequate ocular auscultation can be helpful in 
discovering an ocular bruit, which is an important diagnostic finding for a broad spectrum of pathologic conditions, some of which are 
potentially fatal. In this article, we present a literature review on the physical exam maneuver of ocular auscultation, as well as the 
pathophysiology and differential diagnosis of ocular bruits. We also included a description of the adequate auscultation technique and a 
discussion about the applicability of ocular auscultation in clinical practice.
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Introduction
Ocular auscultation is the physical exam maneuver that con-
sists of listening to the vascular sounds of the head and neck 
by placing the stethoscope on the surface of the eyelids and 
surrounding structures.1 The development of an ocular murmur 
is secondary to the turbulent flow inside the vessels around the 
orbit, which can arise from localized pathologies (e.g. stenosis 
of the carotid artery) or systemic conditions (e.g. anemia).2-5 

Moreover, ocular bruits have been identified in patients su-
ffering from life-threatening conditions, such as subarachnoid 
hemorrhage, stroke, and carotid-cavernous fistulas.6-8 Ocular 
bruit has also been reported as the only auscultatory finding 
in cases of symptomatic atherothrombotic vascular disease.9

Despite its clinical relevance, the auscultation of the orbit is 
often neglected in the routine neurological examination, es-
pecially now that better diagnostic tools are replacing clinical 
examination,1 including the use of Doppler ultrasound tech-
nology in evaluating orbital lesions.10 Anyhow, physical exam 
maneuvers and radiological tools are not mutually exclusive 
and, in other scenarios, have been proven to have additive 
diagnostic efficacy. For example, the use of cardiac ausculta-
tion complemented by echocardiography has shown improved 
accuracy in murmur identification compared to echocardiogra-
phy or physical exam alone.11

The non-use of ocular auscultation in clinical practice could be 
due to the lack of knowledge of the technique and the lack of 
awareness of the clinical implications of an orbital bruit. In this 
article, we present the pathophysiology and differential diagno-
sis of orbital bruits, as well as a brief description of the ocular 
auscultation technique. We also included an Evidence Based 
Medicine section with a literature review on ocular auscultation 
and the prevalence of ocular bruits in selected populations.

Pathophysiology of Ocular Bruits
An understanding of vascular hemodynamics is useful for the 
interpretation of vascular sounds in any anatomical site. An ar-
terial bruit indicates the presence of stenosis at or proximal to 
the area of auscultation. As the stenosis increases, the poten-
tial energy (pressure) proximal to the stenosis is transformed 
into kinetic energy (velocity) within the stenosis, resulting in a 
turbulent flow and an audible sound. Cranial and orbital bruits 
represent vibrations arising from vascular structures within the 
cranium, neck and, occasionally, from cardiac lesions. The or-
bits serve as a “window” for sound transmission and minimi-
ze dissipation through bony structures. There are four factors 
that may alter the intensity and duration of arterial bruits: 
high inflow resulting from a high cardiac output, diminished 
side-branch flow, poor or absence of collateral vessels, and 
augmented outflow.2

Regarding ocular bruits, three underlying pathophysiological 
processes related with the aforementioned factors should be 
suspected. First, the confluence of blood vessels with high 
blood flow resulting in a high arteriovenous pressure differen-
ce in the proximities of the ocular cavity; this is characteristic 
of vascular malformations and carotid-cavernous fistulas, in 
which a considerable blood volume is diverted from vessels 
with high hydrostatic pressure (arteries) to those with low hy-
drostatic pressure (veins).12 Second, the occlusion in the inter-
nal carotid artery with subsequent ipsilateral and contralateral 
arteriolar vasodilation; this is the case of stenotic lesions and 
a flow deviation to contralateral vessels. Finally, an ocular bruit 
could be a sign of increased cardiac output, as seen in anemia 
and hyperthyroidism.

Differential Diagnosis of Ocular Bruits
An ocular bruit can be associated with a wide range of patho-
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logies;1 therefore, a thorough history and clinical examination 
is essential.13-14 Positive auscultatory findings should suggest 
these diagnoses only if the entire clinical picture is supporti-
ve.2 The main conditions that have been associated with this 
finding are presented in Table 1.

Carotid-cavernous fistula is the main condition that should 
be suspected when an ocular bruit is found in clinical exami-
nation. This finding is part of a diagnostic triad consisting of 
proptosis, chemosis and ocular bruit and has been reported 
in 50% of cases.15-16 In patients with vascular malformations, 
which can be silent despite their size, an ocular bruit could be 
the only physical finding.4 The confluence of high-flow vessels 
is the underlying pathophysiology in this condition.   

One other disease that is associated with ocular bruits is the 
presence of an ischemic cerebrovascular accident or a tran-
sient ischemic attack due to stenosis in the internal carotid 
artery.5-17 Two cohorts of patients with cerebrovascular disea-
se reported a prevalence of ocular bruits of 28% and 0.6%, 
respectively,18,19 while another cohort of symptomatic stroke 
patients reported a prevalence of 72%.9 In cerebral ischemia, 
the collateralization process determines the infarcted area.20 

When the internal carotid artery is occluded, a retrograde 
flow deviation occurs through the external carotid artery via 
the ophthalmic artery towards the intra-cerebral system, pro-
ducing the vascular murmur.21 Vasodilation of the episcleral 
arteries has been described as an additional useful physical 
finding.22 A cautious palpation of the facial artery branches 
may reveal a hyperdynamic high-grade lesion in the internal 
carotid artery.3 

The vasculitides can also present with an ocular bruit as a 
consequence of vessel incompliance due to systemic inflam-
mation and possibly due to narrowing of the vessel lumen. 
For example, patients with giant cell arteritis, which is cha-
racterized by an inflammation in the lining of the temporal 
artery, can be associated with an ocular bruit.23,24 This finding 
has also been reported in a patient with Churg-strauss syn-
drome.25

Conditions that increase the systemic blood flow (e.g. ane-
mias) should be considered in the differential diagnosis. The 
presence of an ocular bruit has been reported in two case se-
ries with chronic kidney injury.26,27 Ocular bruits have also been 
described in Paget´s disease, in which the increased cardiac 
output results from an increased rate of angiogenesis.28 Finally, 
an ocular bruit can radiate from distant vascular structures, 
such as thoracic and abdominal aneurysms, aortic stenosis, 
and hypertension in pediatric patients.14

Ocular Auscultation Technique
Auscultation should take place in a quiet room with both the 
patient and the examiner relaxed and in a comfortable po-
sition. Historically, a large and narrow bell has been used in 
ocular auscultation, like the one included in the Ford-Bowles 
stethoscope (Figure 1). However, for practical reasons, the 
bell found in modern stethoscopes is considered appropriate. 
Cranial bruits should be listened over the skull, and exa-
mination should include the frontal, temporal and mastoid 
regions and the eyeball, with the latter being more favorable 
for fainter sounds.2

The auscultation of the orbit should be done by gently pla-
cing the bell of the stethoscope over patient’s closed eye 
(Figure 2). To minimize the sound produced by eyelid tremor, 
the patient should be asked to stare at a fixed point while 
the examiner gently closes one of the eyes and firmly places 
the stethoscope over the closed eye. If the patient is unable 
to keep his sight fixed, the examiner can help by placing a 
finger as a reference point in front of the patient´s eyes. Fi-
nally, the patient should be asked to hold his breath. Orbital 
bruits are usually faint and high-pitched, and the examiner 
should focus on the systolic phase of the cardiovascular cy-
cle. Placing a thumb over the carotid artery should help in 
identifying the first heartbeat.13

Gallego DF, et al. Ocular Auscultation: A Review 

Figure 1. Ford-Bowles Stethoscope. Note the large and narrow bell 
that allows the identification of murmurs while performing peri-
pheral vascular auscultation. This modern version is accompanied 
with a diaphragm to complement the auscultation of other sys-
tems for a thorough physical examination.

Legend: From Retonthenet Copyright©2008-2014 All rights reserved. Reprin-
ted with permission from David Skinner.

1. Vascular conditions

• Carotid-cavernous fistula

• Arteriovenous malformations

• Cerebrovascular accidents

• Severe atherosclerosis

• Internal carotid artery stenosis

• Vasculitides

o Churg-Strauss disease

o Temporal artery vasculitis

2. Systemic conditions

• Anemia

• Thyrotoxicosis

• Paget’s disease 

3. Irradiation from distant structures 

• Aortic aneurisms 

• Aortic stenosis

• Hypertension (in infants)

Table 1. Differential Diagnosis of Ocular Bruit.
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Auscultation of the frontal, zygomatic, temporal, and mastoid 
regions should be performed using the diaphragm of the ste-
thoscope and always be preceded by an adequate inspection 
and palpation. Forced expiratory maneuvers, such as Valsalva 
maneuver, can be used to intensify the bruit.2

Prevalence and Clinical Significance of Ocular 
Bruits: An Evidence Based Medicine Section
A literature review was performed using PubMed/Medline, 
Embase and Scielo databases, searching for the terms ‘ocu-
lar auscultation’, ‘ocular bruit’, and ‘ocular murmur’. Addi-
tional relevant papers were retrieved from the articles’ refe-
rences. All reviewed abstracts and articles were in English. 
The amount of literature found was scarce as we expected; 
the majority of articles were case series and case reports. 
No recent reviews on ocular auscultation were found. This 
limitation restricts drawing conclusions on two important is-
sues: the prevalence of ocular bruits in health and disease 
and the clinical importance of ocular auscultation in medical 
practice.

In relation to prevalence, to date there are no specific studies 
published with this purpose, and the current epidemiological 
data is derived from case series and prospective cohort stu-
dies. The only reported data for ocular murmurs in healthy 
population is as an innocent finding in 30%-60% of normal in-
fants and children under six years of age.2 The reported pre-
valence in pathological conditions varies widely across stu-
dies, with cerebrovascular disease being the most studied. 
For example, Hirose et al. reported seven ocular bruits in 250 
patients,18 and Gautier et al., found only one ocular bruit in 
150 patients with cerebrovascular disease.19 In contrast, Hu 
et al., found 72 ocular bruits in 50 patients with symptoms of 
stroke or transient ischemic attack.9 While a definitive deduc-
tion is not possible with all of the studies being prospective 
cohort studies, we believe that the differences in the preva-
lence could be accounted for by demographic variables, such 
as age, race and clinical factors. For instance, Hirose et al. 

studied a sample of patients with cerebrovascular diseases 
of variable severity. On the other hand, Hu et al., included 
only patients with symptomatic atherothrombotic ischemic 
carotid disease, which suggests the presence of a more se-
vere underlying condition. Further studies with standardized 
inclusion criteria aimed at evaluating the prevalence of ocular 
bruit in cerebrovascular disease and non-cardiovascular con-
ditions are needed. 

Concerning clinical importance, there are contradictory views 
about the utility of ocular auscultation as a routine practice. A 
report by the National Institute of Health in 1975 concluded that 
ocular auscultation was of limited use due to its poor predictive 
value in lesion localization and the severity estimation.29 

However, in favor of ocular auscultation in specific clinical 
settings, Purcell reported a patient who underwent enu-
cleation after an ocular trauma. Ocular auscultation was 
not performed during physical examination, and the patient 
suffered a near fatal bleeding during the procedure due to 
a ruptured arteriovenous fistula. The author concluded that 
this event could have been prevented by a complete ocular 
examination.6

Ocular bruits have been shown to be a crucial finding in 
guiding diagnostic evaluation. Hu et al., conducted a pros-
pective study in patients with symptoms of cerebrovascular 
disease.9 They found that an ocular bruit was the only aus-
cultatory finding in 28% of the patients. In addition, ocular 
bruits were 57% more common than neck bruits in patients 
with intracranial carotid artery occlusion. Smith et al., repor-
ted a patient with severe carotid stenosis, which manifes-
ted clinically as limb-shaking transient ischemic attack.5 The 
finding of an ocular bruit in the neurovascular examination 
shifted the diagnostic evaluation towards a vascular condi-
tion rather than a focal motor seizure.5 These two studies 
illustrate how the presence of an ocular bruit could inform 
the clinician about the existence of vascular conditions and 

Gallego DF, et al. Ocular Auscultation: A Review 

Figure 2. Adequate Technique for Ocular Auscultation. The bell of the stethoscope should be placed over the patient’s closed eye. 
The examiner’s finger can be used to keep the patient’s sight fixed and avoid eyelid tremor (A). Auscultation should include the 
zygomatic (B) and temporal regions (C).
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provide guidance towards a successful diagnosis. 

Finally, Atta et al., compared the clinical characteristics of a 
retrospective cohort of patients with venous stasis orbitopathy. 
The study findings revealed that 30% of patients with caro-
tid-cavernous fistula had an ocular bruit, compared to 0% in 
the non-vascular group. Ocular bruit was found to be the only 
significant physical finding useful in differentiating carotid-ca-
vernous fistula from other etiologies, mainly compressive mass 
lesions.30

Based on the previous studies, we propose that ocular auscul-
tation should be performed in all patients with clinical suspi-
cion of cerebrovascular disease and carotid cavernous fistulas. 
Despite the limited evidence supporting the predictive value of 
ocular auscultation, we believe that awareness of the clinical 
relevance of ocular bruits is an important step towards encou-
raging research efforts in this field.

Conclusion
We presented the clinical relevant points of ocular ausculta-
tion, including ocular auscultation technique, pathophysiology, 
and differential diagnosis of ocular bruits. In spite of the impro-
vement of diagnostic tools, clinical examination remains an im-
portant aspect of clinical practice due to its low cost and wide 
accessibility. Ocular auscultation is required in the detection of 
ocular bruits, a physical finding that can lead to the diagnosis 
of a wide range of diseases, some of which are life-threatening.

Although the literature on this subject is scarce, we believe 
there is enough evidence to suggest that it is important for 
physicians to acknowledge the role of ocular auscultation in 
patients with suspicion of cardiovascular and neurological con-
ditions, especially atherothrombotic diseases and carotid-ca-
vernous fistula. Further studies are needed to document the 
prevalence of ocular bruits in the general population and se-
lected populations (e.g. patients with cerebrovascular disease).

Gallego DF, et al. Ocular Auscultation: A Review 



The International Journal of Medical StudentsInt J Med Students   •   2015  |  Apr-Aug  |  Vol  3  |  Issue 2 106

Review

References
1. Wadia NH, Monckton G. Intracranial bruits in health and disease. Brain. 

1957 Dec;80(4):492-509. 

2. Kurtz KJ. Bruits and hums of the head and neck. In: Walker HK, Hall WD, 

Hurst JW, editors. Clinical methods: the history, physical, and laboratory exa-

minations. 3rd ed. Boston: Butterworths; 1990.

3. Fisher CM. Cranial bruit associated with occlusion of the internal carotid 

artery. Neurology. 1957 May;7(5):299-306. 

4. Jura E, Gołabek R, Kruszewska J, Kryst-Widźgowska T, Trzebicki J. [Giant ar-

teriovenous angiomas of the brain with scant clinical manifestations]. Neurol 

Neurochir Pol. 1991 Jan-Feb;25(1):107-13. 

5. Smith JH, Fugate JE, Claassen DO. Pearls & oy-sters: the orbital bruit: a poor 

man’s angiogram. Neurology. 2009 Oct 20;73(16):e81-2. 

6. Purcell JJ Jr. The effect of unsuspected carotid-cavernous fistula in enuclea-

tion. Am J Ophthalmol. 1979 Nov;88(5):946-8. 

7. Brodsky LP. Auscultation of the human eye as a potential diagnostic aid. J 

Am Optom Assoc. 1980 Nov;51(11):1031-2. 

8. Pessin MS, Panis W, Prager RJ, Millan VG, Scott RM. Auscultation of cervical 

and ocular bruits in extracranial carotid occlusive disease: a clinical and 

angiographic study. Stroke. 1983 Mar-Apr;14(2):246-9.

9. Hu HH, Liao KK, Wong WJ, Teng MM, Lo YK, Chu FL, et al. Ocular bruits in 

ischemic cerebrovascular disease. Stroke. 1988 Oct;19(10):1229-33.

10. Nisbet RM, Barber JC, Steinkuller PG. Doppler ultrasonic flow detector: 

an adjunct in evaluation of orbital lesions. J Pediatr Ophthalmol Strabismus. 

1980 Jul-Aug;17(4):268-71.

11. Stokke TM, Ruddox V, Sarvari SI, Otterstad JE, Aune E, Edvardsen T. Brief 

group training of medical students in focused cardiac ultrasound may im-

prove diagnostic accuracy of physical examination. J Am Soc Echocardiogr. 

2014 Nov;27(11):1238-46.

12. Biousse V, Mendicino ME, Simon DJ, Newman NJ. The ophthalmology of 

intracranial vascular abnormalities. Am J Ophthalmol. 1998 Apr;125(4):527-44.

13. Poppen JL. Cranial bruit; its significance. Surg Clin North Am. 1955 

Jun;Lahey Clinic No.:881-6. 

14. Tiefert JW. Orbital auscultation. Am Fam Physician. 1978 Dec;18(6):117-20.

15. Ellis JA, Goldstein H, Connolly ES Jr, Meyers PM. Carotid-cavernous fistu-

las. Neurosurg Focus. 2012 May;32(5):E9. 

16. Kato M, Ikegame Y, Toyoda I, Ogura S, Kitajima H, Yoshimura S, et al. He-

mispheric laminar necrosis as a complication of traumatic carotid-cavernous 

sinus fistula. Neurol Med Chir (Tokyo). 2009 Jan;49(1):26-9. 

17. Ali S, Khan MA, Khealani B. Limb-shaking transient ischemic attacks: case 

report and review of literature. BMC Neurol. 2006;6:5. 

18. Hirose Y, Yanagi T, Ito Y, Yasuda T. [Clinical significance of carotid and 

ocular bruits in cerebrovascular disease]. Rinsho Shinkeigaku. 1992 

Oct;32(10):1081-6. 

19. Gautier JC, Rosa A, Lhermitte F. [Carotid auscultation. Correlation in 200 

patients with 332 angiograms]. Rev Neurol (Paris). 1975 Mar;131(3):175-84.

20. Ebihara A, Ashida T, Sugiyama T, Okuno S, Fujii J, Yonemitsu T. [An elderly 

hypertensive patient with ocular bruits and angiographically confirmed ste-

nosis of intracranical internal carotid arteries]. Nihon Ronen Igakkai Zasshi. 

2002 Jan;39(1):94-6.

21. Lauritzen M, Alving J, Paulson OB. Orbital bruits and retinal artery pressu-

re in internal carotid artery occlusion. Clin Neurol Neurosurg. 1981;83(1):7-10. 

22. Countee RW, Gnanadev A, Chavis P. Dilated episcleral arteries--a signifi-

cant physical finding in assessment of patients with cerebrovascular insuffi-

ciency. Stroke. 1978 Jan-Feb;9(1):42-5.

23. Gilbert GJ. Physical diagnosis of temporal arteritis. Eye Ear Nose Throat 

Mon. 1971 Dec;50(12):476-8. 

24. Gilbert GJ. Eyeball bruits in temporal arteritis. Dis Nerv Syst. 1970 

Feb;31(2):130-2. 

25. Jazayeri F, Pearson A. Orbital bruit in Churg-Strauss orbitopathy; a novel 

sign. Orbit. 2012 Apr;31(2):65-6. 

26. Wales RT, Martin EA. Arterial bruits in anemia. Br Med J. 1963 Dec 

7;2(5370):1444-7. 

27. Parry DH, Worwood M, Jacobs A. Letter: Increased serum iron in acute 

leukaemia. Br Med J. 1975 Aug 9;3(5979):372. 

28. Nugent JS, O’Brien KE, Harris M, Mohan C. Paget’s disease of bone in an 

Indian patient: genetic and environmental factors. J Clin Rheumatol. 2002 

Aug;8(4):212-6. 

29. National Institute of Health. A classification and outline of cerebrovascu-

lar diseases. II. Stroke. 1975 Sep-Oct;6(5):564-616.

30. Atta HR, Dick AD, Hamed LM, Byrne SF, Gendron EK, Hughes RL, et al. 

Venous stasis orbitopathy: a clinical and echographic study. Br J Ophthalmol. 

1996 Feb;80(2):129-34.

Acknowledgments
The authors would like to thank Dr. Maria Eugenia Zuluaga and Juan Manuel Zuluaga for providing Figure 2. We would also like to thank 
Mr. David Skinner for allowing the reproduction of Figure 1.

Conflict of Interest Statement & Funding
The author has no funding, financial relationships or conflicts of interest to disclose.

Author Contributions
Conception and design the work/idea, Collect data/obtaining results, Critical revision of the manuscript, Approval of the final version, 
Contribution of patients or study material: DG, AMRG, CJG

Cite as: 
Gallego DF, Rivas-Grajales AM, Gallego CJ. Ocular Auscultation: A Review. Int J Med Students. 2015 Apr-Aug;3(2):102-6.

Gallego DF, et al. Ocular Auscultation: A Review 



The International Journal of Medical Students Int J Med Students   •   2015  |  Apr-Aug  |  Vol  3  |  Issue 2107

IJMS
International Journal of 
Medical Students Case Report

Romantic Name for a Deadly Condition: Kissing 
Aneurysms of the Pericallosal Artery – A Case Report
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Aleksandrowicz,1 Tomasz Szmuda,2 Hanna Garnier.1

Abstract
Background: Kissing aneurysms are two independent but adjacent aneurysms protruding from two contralateral arterial locations. This re-
port describes a successfully treated case of kissing aneurysms at the Department of Neurosurgery, Medical University of Gdansk. Case: A 
45-year-old asymptomatic woman was diagnosed with unruptured bilateral aneurysms located in the pericallosal-callosomarginal division. 
Her medical history included a previous intracranial aneurysm and arterial hypertension. The patient underwent a successful treatment by 
surgical clipping and was discharged in good condition; neither disability nor neurologic deficit was noticed upon discharge. Surgical wound 
healing was complicated by an infection and resulted in a reoperation for the patient. Conclusion: The etiology of kissing aneurysms is still 
unknown and the best treatment method stills remains unclear. Thus, every case has to be carefully and individually assessed by an inter-
disciplinary team. As a result, patient transfer to an experienced neurosurgical center could be beneficial.

Keywords: Intracranial Aneurysm, Anterior Cerebral Artery, Microsurgery, Angiography, Kissing aneurysms (Source: MeSH, NLM).
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Introduction
The prevalence of intracranial aneurysm is estimated at approxi-
mately 3.2%.1 The major characteristics of aneurysms include 
type (saccular, fusiform, dissecting, mycotic, blood-blister-like, 
distal, etc.), size (micro, small, medium, large, giant etc.) and 
location (branching sites of anterior, medial or posterior ce-
rebral artery etc.). Unruptured aneurysms are asymptomatic 
in most cases. When ruptured, they cause subarachnoid he-
morrhage (SAH), also known as hemorrhagic stroke. Main SAH 
symptoms include sudden onset of severe headache, seizures, 
and neurologic deficits with rapid deterioration leading to loss 
of consciousness. Basic diagnosis involves computed tomogra-
phy (CT) imaging or lumbar puncture. SAH represents  a state 
of medical emergency; even when treated early, SAH is asso-
ciated with mortality up to 50% (including neurologic deficits 
in many of the survivors).2 The main treatment options include 
open surgery with direct microsurgical clipping of the aneu-
rysmal neck or an endovascular procedure that occludes the 
aneurysmal lumen. The risk of an aneurysm rupture depends 
on various risk factors such as the aneurysms’ characteristics 
(localization, type and size) and the patients’ characteristics 
and co-morbidities (hypertension, gender, cigarette smoking, 
alcohol intake, and prior history of aneurysm).3,4

Kissing aneurysms (KAs) are unusual locational phenomena of 
multiple aneurysms. Although the prevalence of multiple aneu-
rysms can be up to 20% of all intracranial aneurysms, the KAs – 
adjacent bilateral aneurysms arising from the same artery – are 
quite unique with an incidence as low as  0.2%.5 Kissing aneu-
rysms can be classified into two categories: type 1 represents 
aneurysmal necks that are located on the same parent artery 
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          Key Points:
• The preferred treatment method of a single unruptured aneurysm re-

mains controversial, thus an unruptured KAs makes the decision pro-
cess even more complicated. 

• Surgery is difficult due to KAs dual arterial supply. The procedure 
should involve securing both aneurysms simultaneously, however this 
maneuver can lead to higher risk of intraoperative bleeding. 

• KAs still remain a challenge, because of their unknown etiology, diffi-
cult imaging and no officially-stated treatment method.

and type 2 exists where each aneurysmal neck is located on 
different parent arteries.6 The most common location for KAs 
is the internal carotid artery (ICA), but other sites such as the 
distal part of the anterior cerebral artery have also been repor-
ted.7 However, KAs associated with the posterior arterial supply 
of the brain are mainly type 1. Kissing aneurysms are more 
common among women, especially middle-aged (40-59 years 
old).8 An interesting, but separate phenomenon is mirror-like 
(or twin) aneurysms that are located bilaterally on analogs of 
arteries (eg. left and right middle cerebral artery, MCA).9

Diagnosing KAs can be difficult in terms of determining the num-
ber or structure of aneurysms based on radiologic examination. 
It has been suggested that more than half of KAs are not been 
recognized preoperatively.6 Thus, the decision-making process 
can be particularly challenging. There is no recommended scree-
ning for intracranial aneurysms, so in most of the cases they 
are revealed only when they have ruptured. In a minority of the 
patients, the presence of an aneurysm is known beforehand. 
In these special cases, it is highly important to make a prompt 
diagnosis of unruptured aneurysms, evaluate the risk of blee-
ding, and consider its eventual prophylactic treatment.
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We present a case of unruptured KAs successfully treated surgi-
cally at the Neurosurgery Department of the Medical University 
of Gdansk. Informed consent was obtained from the patient 
for this study.

The Case
A 45-year-old asymptomatic woman was admitted to the De-
partment of Neurosurgery for the planned surgical clipping of 
unruptured bilateral aneurysms located in the division of the 
anterior cerebral artery into the pericallosal and callosomar-
ginal arteries (A2/3 kissing aneurysms, Figure 1 A, B). Kissing 
aneurysms were radiographically diagnosed, after the patient’s 
previous aneurysm surgery.

The patient’s medical history included hypertension, epilepsy, 
and 14 pack-years of smoking. According to the patient’s fa-
mily, in 2012 she had an extreme case of alcohol intoxication 
resulting in tonic seizures. Her surgical history included a 
previous surgical clipping of an unruptured aneurysm in 2012 

performed on the division of the right middle cerebral artery 
(MCA) segments M1/M2. A computed tomography angiogra-
phy (CTA) scan was performed and revealed bilateral (kissing) 
aneurysms (4 x 4.5 mm in size) occurring at the bifurcation of 
the anterior cerebral artery into the pericallosal and calloso-
marginal arteries (A2/3 division). This aneurysm was classified 
as type 1 as each aneurysmal neck was located on the same 
parent artery (Figure 1).

The patient’s neurological status upon admission was normal 
and her general physical examination was unremarkable. Cere-
bral angiography was performed and the diagnosis of KAs was 
confirmed (Figure 1 C, D).

The patient underwent surgical clipping via a right frontal cra-
niotomy approach under general anesthesia. The skull was 
opened with a free bone flap. Opening of the interhemispheric 
fissure was performed and the aneurysms were reached from 
the right and left side (Figure 2). Clips on the necks of the 
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Figure 1. Radiologic Images of the Patient’s Aneurysms.

Legend: A & B – Computed tomography angiogram (CTA) from 2012 showing the patient’s aneurysms at the division of the middle cerebral artery (MCA) into M1/
M2 segments – 12 x 7 mm (star) and at the bifurcation of the anterior cerebral artery to the pericallosal and callosomarginal arteries (A2/3), so called kissing 
aneurysms – 4 x 4.5 mm (arrow); A – a three-dimensional reconstruction, B – lateral CTA scan showing kissing aneurysms.
C & D – Digital subtraction angiography (DSA) from 2013 showing the same kissing aneurysms (arrow) and a shade of the vascular clip from the previous MCA 
operation. C – DSA showing the lateral presentation of aneurysms, D – a three-dimensional reconstruction.
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aneurysms were applied without any complications. Vascular 
patency was confirmed using ICG Pulsion (active ingredient: in-
docyanine green dye; Pulsion Medical Systems SE); temporary 
clipping was not applied. No electrophysiological monitoring 
was used during the surgical clipping. In addition, the surgery 
was prolonged (5 hours).

The early postoperative course was uneventful. Magnetic re-
sonance imaging (MRI) performed on third post-operative day 
revealed no perfusion disturbances in the area of the surgery.

The patient was discharged from the hospital on the 10th 
post-operative day in good general condition; neither disability 
nor neurologic deficit was noticed (0 score on  the modified 
Rankin scale). No pre- or post-operative neuropsychological 
testing was performed. The patient was referred for a follow-up 
appointment after 10-12 days from the discharge date and a 
neurosurgical follow-up appointment after 8-10 weeks. The 
surgical wound healing was complicated by an infection. As a 
result, the patient received empirical clindamycin treatment. 
Given the wound infection, a reoperation combined with cra-
nioplasty was performed to evacuate the epidural pus and an-
tibiotic therapy was continued. This post-operative period was 
uneventful and the patient was scheduled for a subsequent 
cranial allograft procedure.

Discussion
Kissing aneurysms derive their name from the specific spatial 
arrangement of two separate but adjacent malformations. Besi-
des certain congenital predispositions (e.g. Marfan syndrome, 
Ehlers-Danlos syndome, autosomal dominant polycystic kidney 
disease etc.), the causes and risk factors of KAs have not been 
fully defined.8 It can be assumed, however, that the risk fac-
tors are multifactorial and similar to those of other types of 
multiple aneurysms. The described patient’s gender, history 
of smoking, hypertension, and an unclear episode of alcohol 
abuse should all be considered as risk factors for aneurysm 
formation as well as contribute to the potential for aneurysmal 
rupture in the future.8,10,11

Studies have suggested that 57% of KAs are not recognized 
preoperatively.6 Digital subtraction angiography (DSA) is the 
gold standard for detecting small and large aneurysms. In 
non-emergency situations, DSA is essential to establish whe-
ther acute treatment is needed or not, and if so, to select a 
proper treatment option.  Angiograms can, however, be mislea-

ding or even negative as described in a similar report.7 Com-
puted tomography angiography could also be a helpful tool to 
visualize such malformations because it provides an option 
for the non-invasive imaging of KAS’. Importantly, it should be 
emphasized that CTA can miss aneurysms smaller than 3mm or 
give  false positive results.7 Recently, more and more unruptu-
red intracranial aneurysms are detected incidentally using MRA 
but treatment decisions are rarely made based  on MRA alone.

Management of unruptured aneurysm remains controversial.3,4 

Generally, aneurysms smaller than 7mm are at a low rupture 
risk.12 However, lesions located in the anterior circulation are at 
an intermediate risk of rupture.12 In this case, taking into con-
sideration the patient's risk factors, the surgical protection of 
KAs seems desirable. According to Rinkel et al., the relative ris-
ks (RR) for aneurysm rupture and their corresponding risk fac-
tor in our patient included hypertension (RR 2.0), heavy alcohol 
intake (RR 2.1), female gender (RR 2.1), smoking (RR 3.4), and 
the presence of multiple aneurysms (RR 1.7).11 The multidis-
ciplinary team decided upon the microsurgical clipping of the 
aneurysm necks. According to guidelines, 45-year-old patients 
can benefit from surgical treatment. Endovascular treatment 
seems to be more challenging in  circumstances involving KAs 
given the   two vascular origins without a direct communication 
and the aneurysms at the distal parts of intracranial vessels 
(such as A2/A3) being more difficult to treat by coiling.

The preferred treatment method for a single unruptured aneu-
rysm remains controversial; thus, an unruptured KA makes the 
decision process even more complicated.3 Endovascular treat-
ment has lower overall unfavorable outcomes  but the patient's 
age seems to be a crucial factor.13 Surgery-related morbidity 
and mortality are quite low among  patients under 60 years of 
age.13 However, endovascular procedures can lead to an increa-
sed risk of recurrence or retreatment in this patient group.13,14 
It is noteworthy that the surgical procedure provides the neu-
rosurgeon with access and space for more maneuvers within 
the surroundings of the bilateral lesion. Surgery is difficult due 
to the dual arterial supply of KAs.5 The procedure should secure 
both aneurysms simultaneously; however, this maneuver can 
lead to a higher risk of intraoperative bleeding.5 

The patient had regular (every 6 months) follow-up care at the 
Neurosurgery Outpatient Clinic. Computed tomography angio-
graphy examination was performed after 12 months, showing 
complete aneurysm occlusion with no new pathologies. Althou-
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Figure 2. Surgical Clipping of Aneurysms – Intraoperative View.

Legend: A – The pia mater was carefully dissected and the pericallosal artery was exposed.
B – Both aneurysms at the bifurcation of the anterior cerebral artery into the pericallosal and callosomarginal arteries are visible (arrows).
C – Subsequently, their necks have both been clipped.
D – Vascular patency was confirmed using ICG Pulsion (active ingredient: indocyanine green dye).
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gh the re-treatment ratio (short-term prognosis) after the suc-
cessful surgical clipping is low, the patient is at risk of aneu-
rysm recurrence (long-term prognosis).14 So far (after 1.5 years 
of observation), the patient’s follow-up remains uneventful. 

Kissing aneurysms are a treatment challenge because of their 
unknown etiology, difficult imaging diagnosis, and no officially 

stated treatment method. In our opinion, every case has to be 
considered individually by an interdisciplinary medical team. 
In order to assure positive outcomes, patients with this mal-
formation should be referred to an experienced neurosurgical 
center. Further studies are needed to allow for a better unders-
tanding of this condition and the therapeutic options available 
to patients with KAs.
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Down Syndrome and Quality of Life: A Case Report
Hilary L. Schroeder,1 Marianinha Joanes,2 Raghu Maramraj,3 Andre Small.1

Abstract
Background: Quality of life is considered a crucial component to the well-being of patients with Down syndrome. The strength of quality 
care through stable social and psychological interactions has built a framework for a positive well-being for patients with Down syndrome, 
improving their quality of life. Case: A 55-year-old African American female with a history of Down syndrome, congenital heart disease, and 
newly-diagnosed early onset Alzheimer’s disease presented with an arm contusion resulting from regular caretaking. The patient’s history 
was reviewed, and the complexity of her condition was discovered. While a subset of Down syndrome patients have cardiac complications 
and others have early-onset Alzheimer’s, our patient had both. We believe this complicated her condition. After the diagnosis of Alzheimer’s 
was made, the caregivers noticed a significant decline in her ability to communicate and continue day-to-day activities. Despite the decline 
in functions, a positive mood was apparent. Conclusion: Multiple medical interventions, along with strong family support, positively contri-
buted to the patient’s quality of life. Therapies targeting cognition could result in the maintenance of quality of life and, ultimately, lower 
health care costs.

Keywords: Down Syndrome; Alzheimer Disease, Early Onset; Heart Defects, Congenital; Quality of Life (Source: MeSH, NLM).
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Introduction
Quality of life is considered a crucial component to the 
well-being of patients with Down syndrome. Down syn-
drome treatment should include quality of life improve-
ment measures because although an increase in longevity 
may not be observed, maintained communication and so-
cial interactions can.1 The strength of quality care through 
stable social and psychological interactions has built a 
framework for a positive well-being for people living with 
disabilities.2 Quality of life is increasingly being recogni-
zed as a measuring tool to assess the progression of di-
sease.3 Within the definition, quality of life encompasses 
the overall environment and includes the families and 
friends of Down syndrome patients who provide the hi-
ghest degree of care. Through lifestyle modifications, me-
dical interventions and strong support networks, patients 
with Down syndrome can increase their life expectancy.4 
In this paper, we demonstrate how quality of life is impor-
tant to Down syndrome patients and why quality of life 
is an important measurement in treating these patients.

The Case
Our patient was a 55-year-old African-American female brou-
ght into the Emergency Room by her father (primary caregiver 
who gave informed consent for this report) in September 2012 
with concerns about a large contusion on her arm from routine 
caregiving. Her past medical history included Down syndrome 
(1961), mitral valve dysfunction (family could not recall time 
of diagnosis), and cerebrovascular accident (2010). Patient had 
no known allergies. Medications included: miconazole (Monis-
tat), warfarin (Coumadin), pantoprazole (Protonix), zinc oxide, 
phenytoin (Dilantin), protamine sulfate, digoxin (Digox), and 
acetaminophen (Tylenol). Surgical history included two pros-
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          Key Points:
• Quality of life can be difficult to assess, therefore regular interaction 

with patients is necessary.
• Comorbidities play a significant role in the lives of Down syndrome 

patients and can affect their overall quality of life.
• Allowing Down syndrome patients to be interactive and participate in 

daily activities is important for their well-being.
• Positive environments with clear and constant communication play 

a crucial role in establishing improved quality of life among Down 
syndrome patients.

• Quality of life should be taken into consideration when assessing the 
effectiveness of treatment.

thetic valve placements (family could not recall time of sur-
gery, but associated it with mitral valve dysfunction diagno-
sis), Medtronic AT5000 series cardiac pacemaker implantation 
(2005), supraventricular ablation (2009), and G-tube placement 
(2012). 

The patient’s father was alive and well at 79 years old, while 
her mother was 24 years old when birthing her and died at 43 
years old from metastatic breast cancer. The patient’s paternal 
grandmother had Alzheimer’s disease. The patient lived with 
her father and sister (another caregiver giving informed con-
sent). She was born overseas, had never been employed, but 
did attend sheltered workshops. She thoroughly enjoyed regu-
larly attending church. Her family denied any alcohol, tobacco, 
or illicit drug use.

During a home visit in October 2012, we observed our patient, 
who was bed-bound and unable to communicate her needs 
effectively, receive exceptional family care. The patient had 
24-hour care by her father and daily visits by her sister and 
a nurse supplied by the hospital. They constantly integrated 
her into conversations and daily tasks, thereby improving her 
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independence; this was beneficial through her noticeable posi-
tive mood. During our time with her, we observed her gain the 
skills to feed herself and very minimally converse. Her father 
and sister were vigilant about tending to her and ensuring that 
she try and at least maintain her new skills. They ensured 
prompt organization of appointments for her cardiac surgeries 
and follow-up appointments at the hospital and with our team.

Discussion
Family Care and Deinstitutionalization
Quality of life can be deemed as subjective; however, it is in-
creasingly being recognized as an asset in the monitoring of 
disease progression.5 Strong family support, solid communi-
cation, and long-lasting friendships have all contributed to in-
creasing the quality of care for patients with Down syndrome. 
Continuous support and attentiveness by the patient’s father 
and sister allowed the patient to be interactive and learn new 
tasks. They carefully monitored her, yet allowed her to practice 
independence by interacting with the people in her commu-
nity and attending church. This added to her quality of life. 
Time spent with her family provided us insights on her ability 
to properly communicate with caregivers and their ability to 
appropriately interpret her requests. A positive environment 
empowers Down syndrome patients to continue to learn and 
teach themselves small tasks in their daily lives.6 External fac-
tors such as socioeconomic factors, strong community support, 

and proper daily resources all influence the overall well-being 
of patients with Down syndrome and increase their ability to 
function to their maximum capacity.7 Quality of life involves 
family, environmental and emotional support.

Strengths and Limitations to Our Approach
For six months, our group made multiple home visits and in-
teracted with the caregivers to better understand her changing 
medical status. Over time, it was clear her condition was beco-
ming more complex. As her cognition declined, we relied more 
on the caregiver’s interpretation of her feelings. Throughout the 
six-month follow-up period, we maintained constant communi-
cation, tracked patient’s progression, and witnessed the impor-
tance of a positive environment and family support. Historical 
data gathering was limited by incomplete hospital charts, lack 
of verbal communication by the patient, and difficulties with 
data recall by the family.

Conclusion
It is our belief that a combination of advanced medical in-
terventions and support greatly improve the quality of life in 
Down syndrome patients. Treatment of comorbidities, thera-
pies targeting cognition, and added support for patients with 
Down syndrome help increase their involvement in daily activi-
ties, social bonding, and quality of life.

Schroeder HL, et al. Down Syndrome and Quality of Life: A Case Report
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Elective Undergraduate Medical Research: A Medical 
Student Experience
Zhi X. Chong.1

The Experience
Research brings many benefits for undergraduate medical stu-
dents, and evidence-based medicine (EBM) has been recog-
nized as the most effective paradigm in making clinical de-
cisions.1 Regrettably, EBM teaching is often missing from the 
curriculum at most medical schools in developing countries.1 

Therefore, I would like to share my first research experience to 
emphasize the importance of research to one’s future career. 

I was first involved in research while I was in my third year of 
medical school. At my school, research is optional. I conducted 
research during that time because I wanted to participate in a 
scientific poster competition at the East Asian Medical Student 
Conference (EAMSC) in Japan in 2013. I formed a research team 
with several of my friends, and that is where our journey began.

For a first-time researcher, the experience can be very challen-
ging and requires a lot of preparation.1,2 With little knowledge 
of how research is conducted, we started to read up on the 
latest research articles and consulted with several lecturers on 
where we could start. The theme of the conference was disas-
ter medicine. After several discussions, we decided to conduct 
a study on the prevalence of post-traumatic stress disorder 
(PTSD) among flood victims in Malaysia. The decision was ba-
sed on the consideration that flood is the only disaster which 
happens annually in Malaysia, especially during the monsoon 
season.3 Floods can cause both physical injuries and psycho-
logical stress to the victims, and more than 10,000 people are 
affected annually by floods in Malaysia.3 

The research process lasted three months, from October to De-
cember 2012. The first step in the process was proposal wri-
ting. We began by learning about proposal writing and how to 
conduct a literature review on the relevant topics. We learned 
that proposal writing requires critical thinking and a systematic 
way of presenting the research concept, and a good proposal 
will help to plan a good flow for the study.4 A study has shown 
that a thorough literature review before proposal writing helps 
to construct a good study protocol and reduces error during 
the study.2 We managed to complete the proposal after having 
several discussions with the supervisors. We worked hard to 

make sure that the proposal format followed the international 
format strictly.

After we finalised our proposal, we presented the proposal to the 
Human Research Ethics Committee (HREC) of our university, and 
the study was approved. The interview with the HREC was a good 
experience, as we learned the communication skills required to 
defend our proposal and promote our study. To pass the ethical 
presentation, we had numerous sleepless nights discussing pos-
sible questions which may be asked, and we practised how to 
best respond to the questions posed by the committee members.

The objective of our study was to compare the prevalence of 
PTSD among flood victims between Kuala Lumpur, which re-
presented an urban area, and Kelantan, which represented a 
rural area. Therefore, the data collection was carried out in 
two different places. We faced several difficulties during the 
data collection process. Firstly, we did not manage to obtain 
financial support for our study. As a result, we had to use our 
own pocket money to prepare the questionnaires and pay for 
the transportation fees. Secondly, we faced difficulties during 
the recruitment of study participants. The subjects were re-
cruited on a voluntary basis, and some of the flood victims we 
approached asked to be paid to participate in the study. As a 
result, we faced some problems in recruiting enough partici-
pants during the initial stage. As time passed, with effort and 
determination, we managed to obtain a sample with adequate 
sample size and completed the data collection.

The next challenge was the data analysis. Statistical Packa-
ge for the Social Sciences (SPSS) is the commonest statistical 
analytical tool for data interpretation in the medical field.2 SPSS 
allows for a systematic and objective means of analysing the 
data collected.4 However, a study has shown that most medical 
students are not familiar with SPSS, and the reasons could be 
the lack of interest and the lack of tutorials.5 Most of us were 
inexperienced in performing statistical analysis, so we had to 
search online for SPSS tutorials and articles to learn how to 
analyse data using SPSS. With the help of the statistician at our 
school, we successfully completed the analysis and managed 
to proceed to the discussion of the study. 
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The discussion came easily to us because it mainly involved 
using our literature review and comparing our study results 
with those of previous studies. In the end, it took us three 
months to complete our research. Our project was represented 
at the national level selection competition and won the only 
place allocated to Malaysia to represent the country at the final 
competition in EAMSC in Japan.

In January 2013, the study was presented during the scientific 
poster competition at EAMSC Japan and was announced as the 
winning poster. However, that did not mark the end of our jour-
ney. After the conference, we wrote a research manuscript and 
submitted it to an international journal for publication. The ma-
nuscript was accepted and is expected to be published in 2015.6

Medical students are future doctors. With the advances in 
science and technology in the field of medicine, EBM and re-
search are becoming more important in disease management.1 
Including scientific research training into medical school curri-
culum can train junior doctors to make clinical decisions which 
are based on the latest evidence. This reduces medico-legal 
errors and improves diagnostic accuracy.5 Additionally, expo-
sing students to research early in their undergraduate study 
can nurture their interest in research and motivate them to be-
come tomorrow’s scientists. At the same time, undergraduate 
medical research improves the curriculum vitae of a student, 
but this should not be the primary aim for a medical student to 
get involved in medical research.

To encourage more medical schools to introduce research into 
their undergraduate medical curriculum, several strategies can 
be considered. Firstly, introducing research elective program-
mes whereby pre-clinical students will do research in a group 
during a semester break as part of the elective programme 
may prove advantageous. Secondly, encouraging medical stu-
dents to participate in scientific research competitions at the 
national or international level indirectly encourages them to do 
research. Students who have done research before can share 
their experiences with their friends and juniors to improve their 
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understandings on research. More funds should be allocated 
to medical schools, so that they could employ experienced 
lecturers to teach the students on research. On top of that, fi-
nancial support is also needed to help students gain access to 
the latest articles and guidelines. This allows them to have the 
opportunities to read the latest evidence and further increase 
their interest in research. 

In conclusion, my first research gave me a very memorable 
experience. From the original idea to participation in an inter-
national medical student conference and the publication of the 
research report in an international journal, the journey was 
not easy but nonetheless enjoyable. I learned how to conduct 
research and met new friends. My communication, leadership, 
and writing skills were improved after the research experience. 
Even though the process was tough, I would still recommend 
all medical students worldwide to try to conduct research at 
some stage of their student life to broaden their view of life 
and gain new experiences.
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Chronic Fatigue Syndrome: Where Do Your Views Lie? An 
Experience from a UK Medical Student
Rebecca L. Lambson.1

The Experience
Chronic fatigue syndrome (CFS), also known as myalgic en-
cephalomyelitis (ME), affects 0.2-2% of the United Kingdom 
(UK) population.1-3 Consequently, as junior doctors, we are 
likely to encounter someone with CFS/ME on a regular basis. 
Why, then, is this condition frequently shrugged off as facti-
tious among us, the medical profession? There are even dispu-
tes between our profession and patient groups regarding chan-
ging its name with the hopes of ridding the stigma associated 
with it.4 How striking is it that some patients feel that altering 
its name will change how they are treated? This article descri-
bes the attitudes I have witnessed towards CFS/ME within my 
four years as a UK medical student and reasoning as to why 
attitudes appear to be as they are.

CFS/ME is a debilitating condition characterised by at least six 
months of extreme and persistent fatigue, which is unrelieved 
by rest and is not attributable to a known cause (for example 
hypothyroidism).5-6 CFS/ME is said to be a diagnosis of exclu-
sion, a default diagnosis made when no other cause of the 
fatigue can been found, despite thorough investigation. Clinical 
inclusion and exclusion criteria are used to aid the diagnostic 
process, such as the Fuduka criteria;6 however, a diagnosis of 
CFS/ME can still be seen as an unresolved problem by both the 
clinician and patient involved. This attitude that CFS/ME is a 
“last resort diagnosis” may be one reason why CFS/ME tends 
not to be highlighted in the medical world. 

One of the great privileges of being a medical student is the 
variety of medical teams we get to encounter throughout our 
training. Much of what we see makes us strive to be as good as 
the doctors we have seen. It is these moments where we are fi-
lled with a sense of pride about the career we will be entering. 
Regretfully, there have been a few instances where I have felt 
ashamed of how situations surrounding CFS/ME were handled. 
I had been on a ward round whereby a raised eyebrow from a 
consultant portrayed the view of “it's just yuppie flu” to collea-
gues, while discussing a diagnosis of CFS/ME. I have also been 
in situations where I felt doctors have been extremely dismis-
sive of my interest in CFS/ME, giving the impression they had 
little regard for the topic. I have also heard firsthand accounts 

from patients attending a fatigue clinic, who described negative 
experiences. Furthermore, a discussion with some of my peers 
illustrated their views that patients with CFS/\ME are not really 
ill. The sum of both patients’ and my own experiences suggests 
the problem is ingrained in many of our profession even at 
medical school.  The health service within the UK is free at the 
point of access. This means that doctors are not paid according 
to the particular patients they see, suggesting there is no finan-
cial motive for these attitudes. Due to the hierarchical nature of 
medicine, a doctor’s views can influence the attitudes of junior 
team members. Could this be perpetuating the situation?

Another reason for the attitudes I have witnessed might re-
late to the lack of CFS/ME teaching at medical school. Whilst 
acknowledging how stretched medical curriculums are, for a 
condition with a similar prevalence to Parkinson’s Disease, we 
receive minimal teaching on CFS/ME. I argue that the addi-
tion of CFS/ME teaching would not be at the expense of other 
topics due to the large margin of overlap within teaching of 
core diseases. Furthermore, studies confirm that the number 
of pages within medical textbooks representing CFS/ME are far 
lower than for rarer conditions,7 despite us as junior doctors 
being much more likely to encounter CFS/ME. Does this lack of 
teaching portray CFS/ME as an unimportant condition? 

A report on Scottish medical schools demonstrated that only 
two of the five (40%) schools mention CFS/ME within their cu-
rriculums (Available from: http://www.25megroup.org/Campaig-
nging/ME%20in%20Pariament/scottish/ME%20Education%20
in%20Scotland37.doc, updated 2014; cited 2015 Mar 17). Si-
milarly, a survey on US medical schools found only 28.2% of 
schools included CFS/ME teaching in their curriculum.8 There 
is no available or published information regarding English me-
dical schools on this matter. Therefore, despite being a com-
mon condition that profoundly affects quality of life, CFS/ME 
is massively underrepresented in medical school curriculums 
across the world. 

Finally, doctors often thrive off of solving medical problems. For 
some, receiving test results which provide concrete answers 
underpins job satisfaction.  Conditions such as CFS/ME have 

Correspondence:
Rebecca L. Lambson
Address: Newcastle upon Tyne, Tyne and Wear NE1 7RU, UK.
Email: r.l.lambson@ncl.ac.uk

1Newcastle University, Medical Sciences, intercalating medical student (Mres), UK.

About the Author: Rebecca 
Lauren Lambson is cu-
rrently an intercalating 
(MRes) fifth-year medical 
student of a six-year pro-
gram at Newcastle Uni-
versity School of Medical 
Education, Newcastle upon 
Tyne, United Kingdom

Submission: Apr 8, 2015
Acceptance: May 7, 2015
Publication: Jun 18, 2015



The International Journal of Medical StudentsInt J Med Students   •   2015  |  Apr-Aug  |  Vol  3  |  Issue 2 118

Experience

diagnostic uncertainty; they are “medically unexplained” and 
do not fit into our neat box of diagnostics. Perhaps this is why 
CFS/ME is often not appropriately regarded within our profes-
sion. Could our own job satisfaction hinder patient care?

Having explored why CFS/ME appears to be disregarded gene-
rally, I propose it is due to a combination of factors. Firstly, so-
cial attitudes are passed among teams due to the hierarchical 
structure; secondly, there is little coverage at medical school; 
and finally, doctors are inbred problem solvers.

Where next for tomorrow’s doctors? Within the UK, the GMC 
take responsibility for “enhancing the quality of medical edu-
cation programmes”,9 perhaps they need to re-examine this 
underachieved area. We need to stand up for CFS/ME by encou-
raging our universities to teach us about conditions with diag-
nostic uncertainty. Effective teaching has been demonstrated to 
improve attitudes towards CFS/ME.10 Has your training in CFS/
ME been sufficient? In my education to date, I have witnessed 
significant examples of doctors lacking empathy for their CFS/
ME patients. Personally, I feel adopting this viewpoint is coun-
terproductive, and I am reluctant to be associated with doctors 
who do. We, as a profession, should not have discriminatory 
views on our patients, enabling them to be treated with the 
respect they deserve.
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  Ultrasonography as a Modern Teaching 
Support to the Anatomy Course: Is It 
Beneficial for Medical Students?

To the Editor,
The approach to evaluating anatomy teaching effectiveness has 
changed over time (from ancient Egypt through Baroque to mo-
dern times).1,2 In the 20th century, medical schools started to 
use first radiological images, such as roentgen images, during 
anatomy classes.3 Nowadays, computed tomographs, magnetic 
resonance images and ultrasonography are also widely used.4 
At Mount Sinai School of Medicine in New York, new didactic 
methods, which included minimally invasive approaches, ra-
diological imaging and plastinated prosections, are incorpora-
ted into anatomy courses for medical students.5 However, we 
should keep in mind that undergraduate medical curriculum, 
especially during the first year, is already overcrowded. Thus, 
every new supportive teaching method must have its efficacy 
carefully analyzed and scientifically proven before being intro-
duced into medical schools.

Ultrasonography (US) is a cheap, easy-to-reach and safe su-
pplement to the anatomy course. US practical classes can faci-
litate understanding of topographic anatomy. Students need to 
know the exact location of each anatomical structure in order 
to retrieve a proper US image.

In 2006, Rao and colleagues conducted a pilot study of inte-
grating US curriculum into the first-year medical programme at 
the Wayne State University School of Medicine.6 They reported 
many advantages of their US courses, which pay special heed 
to the importance of knowing the basic US rules during the first 
year of studies. Subsequently, in 2014, Dreher and colleagues, 
in their research conducted on 269 first year medical students, 
proved that ultrasonography can be a valuable supplement to 
the musculoskeletal, thoracic, abdominal and neck anatomy 
lessons.7 They showed, on the basis of pre- and post-lesson 
surveys, that students significantly improved self-confidence 
with regard to their anatomical knowledge. Additionally, stu-
dents were able to perform a basic US examination on their 
own following course completion.

Many works concerning the usefulness of US in teaching ana-
tomy were conducted on the basis of questionnaires.8-11 All of 
them reported positive evaluations of the US classes by the 
students, although none of them compared the results of their 
studies with a control group. The only study trying to examine 
the positive influence of US on anatomy classes using a compa-
rison group was performed by Knobe and colleagues in 2012.12 
They proved that ultrasonography has a better effect on the 
understanding of anatomy compared to arthroscopy.

Based on the aforementioned studies, it seems that anatomy 
learning should be based not only on dissections, but also on 
complementary methods, such as US. It should be emphasized 
that works which have been published thus far concern only 
subjective opinions of the students. To reach definitive conclu-
sions, long-term randomized controlled studies are needed in 
order to objectively compare US education with other learning 
modalities and obtain unambiguous results.

 Hanna Garnier,1 Pawel Plosaj,1 Jakub Wisniewski.1

 1Faculty of Medicine. Medical University of Gdansk.

 garnierhanna@gmail.com
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  Is Hepatorenal Syndrome a Diagnosis 
for the Emergency Physician?

Acute kidney injury (AKI) in the patient with decompensated 
liver disease is common and signifies a poor prognosis.1 Hepa-
torenal syndrome (HRS) is a potential cause of AKI in patients 
with acute or chronic liver disease. In the International Journal 
of Medical Students, Tan et al reported a case of HRS diagnosed 
in the emergency department in a patient who presented with 
fluid overload and AKI on a background of cryptogenic liver cirr-
hosis.2 The accompanying review on the topic was an excellent 
aspect of the article.

The diagnostic possibilities in a cirrhotic patient are broad and 
several are deserving of prompt treatment, including hypo-
volemia (such as from gastrointestinal bleeding), sepsis, and 
nephrotoxic drugs. A prognostic study of 562 patients with AKI 
and cirrhosis incriminated HRS in only 13%, while infection was 
responsible for 46%.3 Indeed, it has been suggested that the 
diagnosis of HRS is one of exclusion. The initial management 
requires adequate intravascular volume expansion with albu-
min infusion for 2 days.4 HRS is then suspected when there 
is no response, and treatment for such should be considered 
then. This consists of the administration of vasoconstrictors, 
such as terlipressin (a vasopressin analogue) or alpha-adrener-
gic agents (e.g. noradrenaline and midodrine), combined with 
albumin.4 Ischemia may result from the use of vasoconstrictors 
and thus caution must be exercised, especially in patients with 
or at risk for coronary artery disease, peripheral vascular disea-
se or cerebrovascular disease.5 In addition, the use of vasocons-
trictors in acute tubular necrosis, pre-renal azotemia or obs-
tructive AKI could further aggravate renal function in this group 
of patients. In this regard, the role of the emergency physician 
(EP) in diagnosing and managing HRS is traditionally limited.

A survey of bibliography databases including Pubmed with 
MeSH terms “Hepatorenal syndrome” and “Emergency Medici-
ne” yielded few studies supporting the diagnosis of HRS in the 
emergency department. However, this may change in the future 
as novel biomarkers such as neutrophil gelatinase-associated 
lipocalin (NGAL) allow early differentiation of different causes of 
AKI in the cirrhosis patient.6

The authors should be commended on providing an interesting 
perspective. The EP must have a working knowledge of HRS 
and its prognostic significance given the appropriate clinical 
context, but in most systems of care would not have sufficient 
clinical information to establish a diagnostic certainty beyond 
the treatment threshold. We put forth the idea that EPs have 
a more important role in such cases to exclude or treat pre-
cipitating or co-existing emergencies including gastrointestinal 
bleeding and spontaneous bacterial peritonitis, and to initiate 
intravascular volume expansion.
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 1Emergency Medicine Residency Program, SingHealth Services, Singapore.

 2Emergency Medicine, Singapore General Hospital, Singapore.

 3Gastroenterology, Changi General Hospital, Singapore.

 andrew.ho@mohh.com.sg

References
1. Moreau R, Lebrec D. Acute renal failure in patients with cirrhosis: 

perspectives in the age of MELD. Hepatology. 2003 Feb;37(2):233-43. 

2. Tan WJ, Tiruchittampalam M, Loo Y. Hepatorenal syndrome in the emergency 

department: a case report. Int J Med Students. 2014 Nov-2015 Mar;3(1):51-4.

3. Martín-Llahí M, Guevara M, Torre A, Fagundes C, Restuccia T, Gilabert R, 

et al. Prognostic importance of the cause of renal failure in patients with 

cirrhosis. Gastroenterology. 2011 Feb;140(2):488-96. 

4. Angeli P, Gines P, Wong F, Bernardi M, Boyer TD, Gerbes A, et al. Diagnosis 

and management of acute kidney injury in patients with cirrhosis: revised 

consensus recommendations of the International Club of Ascites. Gut. 2015 

Apr;64(4):531-7.

5. Ginès P, Schrier RW. Renal failure in cirrhosis. N Engl J Med, 2009 Sep 

24;361(13):1279-90. 

6. Fagundes C, Pépin MN, Guevara M, Barreto R, Casals G, Solà E, et al. 

Urinary neutrophil gelatinase-associated lipocalin as biomarker in the 

differential diagnosis of impairment of kidney function in cirrhosis. J Hepatol. 

2012 Aug;57(2):267-73. 

Acknowledgments: None.

Conflict of Interest Statement & Funding: The Author has no 
funding, financial relationships or conflicts of interest to disclose.

Author Contributions: Conception and design the work/idea: AFWH, 
Write the manuscript, Critical revision of the manuscript, Approval 
of the final version: AFWH, PPP, TLA.

Cite as: Ho AFW, Pek PP, Ang TL. Is Hepatorenal Syndrome a 
Diagnosis for the Emergency Physician?. Int J Med Students. 2015 
Apr-Aug;3(2):120. 

About the Author: Dr Andrew 
Ho holds a MBBS from the 
National University of Sin-
gapore and is currently 
in his second year as an 
emergency medicine resi-
dent. He has published in 
journals such as Resusci-
tation, International Jour-
nal of Cardiology, etc. and 
has been accorded second 
prize for his oral presenta-
tion at the EMS Asia 2014 
conference in Goa, India

Submission: Apr 8, 2015
Acceptance: Jul 3, 2015
Publication: Jul 14, 2015

Ho AFW, et al. Is Hepatorenal Syndrome a Diagnosis for the Emergency Physician?


