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bacterial infections, and appropriate
treatments for noninfectious compli-
cations are the mainstay of therapy
for CVID. Intravenous immunoglob-
ulin and subcutaneous immunoglobu-
lin replacement are fractionated blood
products made from pooled human
plasma from thousands of individuals,
incorporating a mixture of antibodies
against a wide spectrum of infectious
diseases. Immunoglobulin helps neu-
tralize bacterial toxins, superantigens,
and viruses. Immunoglobulin also ac-
tivates complement and promotes
phagocytosis and antibody-mediated
cytotoxicity. This therapy can be life
saving in most individuals and im-
proves their overall prognosis.

When patients who have CVID
present with respiratory tract infec-
tions, physicians should have a lower
threshold for starting antibiotics that
have activity against S pneumonia,
H influenzae, and S aureus. Longer
duration of therapy may be needed.
This patient decided to undergo
weekly subcutaneous immunoglobu-
lin replacement therapy. His initial
doseswere given in the clinic tomonitor

for adverse reactions and then
successfully transitioned to home
subcutaneous immunoglobulin ther-
apy. At his most recent visit, at
19 years of age, all investigative
studies, including complete blood
cell count, trough immunoglobulin
levels, pulmonary function testing,
and high-resolution CT scan, yielded
normal results. He has not re-
quired treatment for any severe in-
fections since initiating subcutaneous
immunoglobulin.

Lessons for the Clinician

• Patients who present with infec-
tions that are frequent, do not
resolve with typical antibiotic ther-
apy, involve unusual organisms, or
affect unusual sites should raise
concern for a primary or secondary
immunodeficiency.

• A general immunodeficiency eval-
uation should include complete
blood cell count with differential,
with special attention to both the
absolute neutrophil count and ab-
solute lymphocyte count, total he-
molytic complement concentration,

and quantitative immunoglobu-
lin levels.

• Patients suspected of having CVID
should be referred to an immunol-
ogist and require a multidisciplinary
team approach for management
and for surveillance for autoim-
mune disease, malignancies, and
infections.

• Intravenous immunoglobulin or
subcutaneous immunoglobulin re-
placement is the treatment of choice
in patients with CVID and can be
life saving.

(Troy W. Baker, DO, Scott D. Dick-
son, DO, Michael S. Tankersley, MD,
Wilford Hall Ambulatory Surgical
Center, Lackland Air Force Base, TX)

The views expressed in this article are
those of the authors and do not neces-
sarily reflect the official policies or posi-
tions of the U.S. Department of the Air
Force, the U.S. Department of Defense,
or the United States Government.

To view Suggested Reading lists
for these cases, visit http://pedsinreview.
aappublications.org and click on
“Index of Suspicion.”
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The reader is encouraged to write
possible diagnoses for each case before
turning to the discussion.
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Choosing the Right Statistical Test
Kenneth Soyemi, MD, MPH*

EDITOR’S NOTE:
Realizing that the degree of familiarity
with and understanding of statistics en-
compasses a wide spectrum among our
readers, this detailed overview of statis-
tical tests will serve different functions
for different readers. Those engaged
in research will be comfortable with
the information provided andmay gain
deeper insights. Readers who are not fa-
miliar with these methods will find a
wide spectrum of definitions that will
facilitate a better understanding of the
studies that provide the evidence we use
to direct clinical care.

During journal club, a resident
says to you, “I see several statistical tests
in the medical literature. They do not
mean much to me. What is the right
statistical test to perform for a particu-
lar study?” How will you respond?

Introduction
The purpose of many studies is to col-
lect data from a sample of individuals
that represents the population of inter-
est; statistics help to summarize and
analyze these data. A variable is any-
thing that can be measured and is ob-
served to vary. Studies generally have
two variable types: the response vari-
able (also called the outcome or de-
pendent variable) and the explanatory
variable (also called a covariate or in-
dependent variable). For example, in
a study designed to show which of
several antibiotics will cause a bacterio-
logic cure, the response variable is
negative cultures and the explanatory
variables are the specific antibiotics.

Data are described as either quan-
titative or qualitative. Table 1 pro-
vides examples of variables that have

different characteristics. Quantitative
data are measured on a numerical
scale and may take the form of discrete
integer values or points on a continu-
ous scale. A discrete variable may take
on only a countable number of distinct
values, such as 0, 1, 2, 3, or 4. A con-
tinuous variable is one that encom-
passes an infinite number of possible
values and includes measurements
such as height, weight, and heart rate.

Qualitative variables describe cer-
tain attributes and are either nominal
or ordinal. Nominal variables are cate-
gorical, not ordered but simply named.
Examples include blood groups (A, B,
AB, and O). Ordinal variables are cat-
egorical but ordered in some way.
Examples include disease staging
(advanced, moderate, mild, and none)
or response categories such as slightly,
moderately, or strongly agree.

Statistical hypothesis testing is con-
ducted by setting up a null hypothesis
and an alternative hypothesis. A null
hypothesis is based on the assumption
that nothing has occurred and no
change has taken place, compared with
the alternative hypothesis in which
change has occurred. (1)

An example of a null hypothesis
that is described in detail in Table 2
focuses on the question of whether
boys or girls with asthma in the out-
patient clinic experience more hospi-
tal admissions. The null hypothesis is
that the number of admissions is the
same for boys and girls. The alterna-
tive hypothesis is that the number of
admissions is not the same.

Choosing the Right Test
The first step in any analysis is to do
an exploratory data analysis to ensure
accuracy and make sure that there are
no data entry errors. (2) Exploratory
data analysis, or descriptive statistics,

*Voluntary Attending, Department of Pediatrics, John H.

Stroger Jr. Hospital of Cook County, Chicago, IL.
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includes calculating measures of cen-
tral tendency (eg, mean and median)
along with measures of dispersion
(eg, SD and interquartile range).

Graphically displaying the data in
histograms (Fig 2), box-and-whisker
plots (Fig 3), or stem-and-leaf plots
(Fig 4) also may be useful. (2) These
different types of plots help the inves-
tigator to see quickly how the data
are related to each other.

Many statistical tests are based
upon the assumption that the data
sampled form a normal distribution.
These tests are referred to as paramet-
ric tests; commonly used parametric
tests include the t test and analysis of
variance (ANOVA), which are de-
scribed in Table 2. A normal distribu-
tion is symmetrical and unimodal, and
it has a single peak in the middle and
equal tails at either side. This distinctive
bell-shaped distribution is known as
normal or “Gaussian” (Fig 5). Tests
that do not make assumptions about

the population distribution are referred
to as nonparametric tests. Com-
monly used nonparametric tests
include the Wilcoxon, Mann–Whitney,
and Kruskal–Wallis tests. Table 3
lists parametric and nonparametric
tests.

Before deciding which statistical
tests should be used, one must con-
sider several factors: the question to
be answered, the scale of measurement
of the data collected (Table 1), the
number of groups in the study,
whether the sample is independent or
related, whether one is trying to estab-
lish a difference between group A and
group B, or whether one is trying to
ascertain the relationship (correlation)
between two or more sets of data.

Statistical tests assess the role of
chance as an explanation of patterns ob-
served in data. (3) Hypothesis testing,
which results in P values and 95% con-
fidence intervals (CIs), is used to assess
the role of chance. (3) The P value is

calculated for the null hypothesis that
the two population means are equal,
and any discrepancy between the two
samples’ means is due to chance.

Five percent chance is a convenient
convention. A P value< .05 (P< .05)
indicates that a significant difference
exists between the two groups. If
the P value is less than .05, then there
is only a 5% chance that the difference
as large as the one observed or larger
was discovered by chance. (4) Fur-
ther explanation of this topic can
be found in a previous article in this
series. (5)

CI is a measure of precision related
to estimated size and provides infor-
mation about the range of plausible
effects. (6) The range of a CI depends
on the size and spread (commonly
measured as a SD) of the data. A
95% CI describes the range of values
within which one is 95% certain that
the true estimate lies. Readers will
occasionally encounter CIs calculated

Table 1. Scales of Measurement

Qualitative or Categorical Variables
Qualitative data deal with descriptions. Data can be observed but not measured. Examples include colors, textures, smells,
tastes, appearance, beauty. Qualitative variables can be classified into subgroups:

Dichotomous A categorical variable is binary or dichotomous when there are only two possible
categories. Examples include “Yes/No,” “Patient with disease/patient without
disease.”

Nominal These variables are also called ”attribute variables” or “categorical variables.” An
individual observation of a nominal variable is usually a word, not a number and
is not ordered. Examples of nominal variables include gender (the possible
values are male or female), genotype (values are AA, Aa, or aa), or ankle
condition (values are normal, sprained, torn ligament, or broken).

Ordinal Ordinal scales rank categorical data in a manner that has a logical ordering to the
categories. A good example is the Likert scale, which is used in many surveys:
1 [ strongly disagree; 2 [ disagree; 3 [ neutral; 4 [ agree; 5 [ strongly
agree. Ordinal scales show relative ranking, but one cannot make any
assumptions about the degree of difference between two values.

Quantitative or Numerical Variables
Quantitative variables are numerical and can be continuous or discrete. Quantitative data can be measured. Examples include
length, height, area, volume, weight, speed, time, temperature, humidity, sound levels, cost, members, ages, etc. Quantitative
variables can have different characteristics:

Interval Interval variables are spaced with equal intervals or distances; the zero point is
not considered meaningful. An IQ score would be an example.

Ratio Ratio variables are also categorized in ordered groups with equivalent intervals
between the variables, but their zero point is meaningful. Body weight is an
example.

research and statistics
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Table 2. Common Components of Statistical Analysis

Setting

The outpatient clinic at your hospital has many patients with asthma; at each visit, you collect data such as vital
signs, clinical and demographic information, number of hospital admissions, number of medications, types of
medication, insurance type, income of parents, etc.

Example 1 Dependent and independent variables
In a study of the number of hospital admissions among patients with asthma in an outpatient clinic, the dependent

variable is number of hospital admissions. The independent variables will include factors such as insurance type,
age, gender, race, ethnicity, SES, family income, asthma classification, number of ED visits in the last year.

Example 2 The t test and one-way ANOVA
The t test measures the difference in the number of hospital admissions between two groups, eg, males compared

with females, Hispanic compared with non-Hispanic, etc. The ANOVA measures the differences in the number
of hospital admissions among three of more groups, eg, Medicaid insurance compared with other insurance
types, high SES compared with medium and low SES.

For t test and ANOVA, the null hypothesis is that there is no difference in number of hospital admissions among groups.
If the P value of either the t test or the ANOVA is<.05, the null hypothesis of no difference among groups is rejected
and the alternative hypotheses that there is a difference in the number of admissions among groups is accepted.

Example 3 Paired t test
The paired t test can be used to measure the number of hospital admissions since starting new asthma

medications among patients with asthma in an outpatient clinic. Each patient serves as his/her own control.
The null hypothesis is that there are no differences in a number of admissions with new medication. If the
P value of the paired t test is <.05, the null value of no difference among patients groups is rejected and
alternative hypotheses that there is a difference in the number of admissions among patients is accepted.

Example 4 x2 test
x2 goodness of fit
Suppose a coin is tossed 100 times; the outcomes would be expected to be 50 heads and 50 tails. If 47 heads and

53 tails are observed instead, does this deviation occur because the coin is biased, or is it by chance? The null
hypothesis for this experiment is that the observed frequencies are close to the expected values. The alternative
hypothesis is that they are not close.

The formula for x2 is x2 ¼ + [ (O � E)2/E ], where x2 is the x2 statistic, O is the observed frequency, and E is the
expected frequency.

We calculate x2 by substituting values for O and E.
For heads: x2 ¼ (47 � 50)2/50 ¼ 0.18.
For tails: x2 ¼ (53 � 50)2/50 ¼ 0.18.
The sum of these categories is 0.18 D 0.18 [ 0.36.
Significance of the x2 for goodness of fit value is established by calculating the degree of freedom and by using the

x2 distribution table. If the calculated x2 is greater than the value in the table, then the null hypothesis is rejected
and it is concluded that the predictions made were incorrect. In this experiment, degree of freedom (2 � 1) ¼ 1.
The critical value for a x2 for this example at a ¼ 0.05 and v ¼ 1 is 3.84, which is greater than x2 ¼ 0.36.
Therefore, the null hypothesis is not rejected; hence, the coin toss was fair. (10)

x2 test of independence
We want to know whether boys or girls with asthma in the outpatient clinic were admitted into the hospital with

asthma. Below is the contingency 2 3 2 table.
>3 Admissions No. Observed (No. Expected) <3 Admissions No. Observed (No. Expected) Total

Boys 46 (40.97) 71 (76.02) 117
Girls 37 (42.03) 83 (77.97) 120
Total 83 154 237
The null hypothesis is that that the number of admissions is the same for boys and girls; the alternative

hypothesis is that the number of admissions is not the same.
The expected value for each cell of the table can be calculated by using the following equation: Expected value

[ row total3 column total/total for table. The x2 statistic can be calculated by using equation x2 ¼ + [(O� E)2/E]
as follows:

x2 ¼ (46 � 40.97)2/40.97 þ (37 � 42.03)2/42.03 þ (71 � 76.03)2/76.03 þ (83 � 77.97)2/77.97 ¼ 1.87
In the x2 test for independence the degree of freedom is equal to the number of columns in the table minus 1

multiplied by the number of rows in the table minus 1, ie, dof ¼ (r � 1)(c � 1) ¼ 1.
Thus, the value calculated from this formula is compared with values in the x2 distribution table The value

returned from the table is P < .2 Therefore, the null hypothesis is not rejected; hence, boys are not significantly
more likely to be admitted in comparison with girls. (10)

Continued
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for other confidence levels (eg, 90%
or 99%).

Thenumberof levels of a categorical
variable can influence which statistical
test to use. For example, a physician
wants to compare whether gender
affects the duration of time to refill
medications. Gender serves as a two-
level categorical independent variable

because it has two possible values:
male and female. Time to refill medi-
cations would serve as the continuous
dependent variable and the researcher
finds it has a normal distribution. In
this example, a parametric test such as
a two-sample t test would be the cor-
rect statistical test. If the categorical
independent variable has more than

two values, one-way ANOVA should
be applied (see example 2 in Table 2).
The t test assesses whether the means
of two groups are statistically different
from each other. This analysis is appro-
priate whenever one wants to compare
the means of two groups. The t test is
probably the most widely used and
known statistical test. (8) It is simple,
straightforward, easy to use, and adapt-
able to a broad range of situations.

The paired t test is used to compare
means on the same or related subject
over time or in differing circumstances.

Table 2. (Continued)

Setting

The outpatient clinic at your hospital has many patients with asthma; at each visit, you collect data such as vital
signs, clinical and demographic information, number of hospital admissions, number of medications, types of
medication, insurance type, income of parents, etc.

Example 5 Correlation Analysis
Correlation analysis is used to quantify the strength of the relationship between dependent variables (in this
example, number of admissions) and several independent variables, such as number of medications refills, age,
ED visits, etc. The correlation coefficient (r) quantifies the strength of the relationship. The value of r always
lies between –1and D1. A value r close to D1 indicates a strong positive linear relationship compared with
a value close to –1, which indicates a strong negative linear relationship. The null hypothesis is that there is no
relationship between number of admissions and number of medication refills. If the P value is <.05; the null
value of no relationship is rejected, and alternative hypotheses that there is a relationship is accepted.

Example 6 Linear Regression
Linear regression is used to express the relationship between the dependent variable and the independent variable
in the form of an equation.

If we are interested in the effect of number of ED visits (the independent variable or x variable) on number of
admissions (the dependent or y variable), regression can be used to find the equation of this line. This line
usually is referred to as the regression line. The equation of a straight line is given by y [ a D bx, where the
coefficients a and b are the intercept of the line on the y axis and the slope, respectively. For example the
equation of the regression line for admissions and number of ED visits is: Number of admissions [ 1.50 D
(0.10 3 number of ED visits). The slope of this line is 0.10, which indicates that, for an increase of 1 in the
number of ED visits, the number of admissions is expected to increase by 0.10. The expected increase in number
of admissions is 1.6. The y intercept is 1.5, which means the number of admissions for 0 ED visits. The predicted
number of hospital admissions for patients with asthma with 10 ED visits in the last year is 1.50 D (0.10 3 10)
[ 2.5 admissions (Fig 1).

ANOVA¼analysis of variance; ED¼emergency department; SES¼socioeconomic status.

Figure 1. Plot of number of admissions and number of emergency department (ED)
visits showing the regression line. Figure 2. Histogram.

research and statistics
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In the medical literature, studies often
compare the effects of medications on
patients. For example, if we want to in-
vestigate the effect of antithyroidmed-
ications, we may compare the data

of a patient on medication with the
data of the same patient when not
on medication. With the use of this
matched pair (also known as the
before-and-after method), a patient

serves as his own control. The paired
t test considers variation from only
one sample group (eg, before and
after), whereas the two-sample t test
considers variation from two inde-
pendent groups. Therefore, using
the paired t test is a good way to fo-
cus on variation that is determined by
the effect of the intervention or changes
over time in the same subject (see
example 3 in Table 2). An extension
of this test is the repeated-measures
ANOVA.

The x2 test is used to determine
significant differences between ob-
served and expected frequencies in
one or more categorical groups. The
null hypothesis of the x2 test is that
there is no difference between the

Figure 3. A. Box-and-whisker plots. B. Box-and-whisker of patients in asthma clinic
by age.

Figure 4. Stem-and-leaf plots. Stem-
and-leaf plot of age in years of asthma
clinic patients. This example represents
a wide age span in an adult and geriatric
population. The patients studied are the
following ages in years: 21, 22, 34, 35,
36, 42, 43, 47, 48, 52, 54, 81, 82, 83, 85,
94, 95, 96, 102, and 103. Stem-and-leaf
plot is a method of organizing numerical
data. A basic stem plot contains two
columns separated by a vertical line. The
left column contains the stems, and the
right column contains the leaves.

Figure 5. Normal Gaussian distribution.
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expected and observed frequencies.
There are two types of x2 test. The x2

test for goodness of fit summarizes
the discrepancy between observed
frequencies and expected frequen-
cies. The x2 test for independence
is used to determine the relation-
ship between two variables of a sam-
ple, to determine whether the two
factors are not related. The x2 test
uses nominal (categorical) or ordi-
nal data, instead of using means
and variances (see example 4 in
Table 2).

Fisher’s exact test, a type of x2

test, is used when analyzing con-
tingency tables with two rows and
two columns. One should avoid the
x2 test and use Fisher’s exact test
when the numbers in any of the boxes
of the contingency table are very small
(any number >5).

If one is trying to establish whether
there is a relationship (correlation)
between two variables, one needs to
use a statistical test that tests for cor-
relation. This calculation will yield a
correlation coefficient (r). Correla-
tions can be positive or negative.
A positive correlation occurs when
high scores for one variable are asso-
ciated with high scores in the other,
whereas a negative correlation occurs
when high scores for one variable are
associated with low scores in the
other. (9) Select the Pearson (para-
metric) correlation coefficient if one
can assume that both continuous
variables are normally distributed.
Otherwise choose the Spearman
nonparametric correlation coefficient
(see example 5 in Table 2).

Linear regression is used to pre-
dict how changes in one (in the
case of simple linear regression) or
many (in the case of multiple linear
regression) independent variables
can affect the value of the depen-
dent variable.

The data requirements for linear
regression analysis are:T
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1. The dependent variable must be
continuous and normally distrib-
uted; and

2. The relationship between a de-
pendent and independent variable
is linear. If this assumption is not
met, the results of the analysis
may be incorrect.

The assumption of linearity is
tested by graphing the “residuals”:
the difference between each data
point and the regression line. If this
graph is flat and close to zero, the re-
lationship is linear. If the graph shows
any other pattern, the relationship is
not linear. (6) For regression analysis,
only the dependent variable need be
normally distributed; the indepen-
dent variable does not need to be
normally distributed. For correlation,
both the dependent variable and the
independent variable must be nor-
mally distributed (see example 6 in
Table 2 and Fig 1).

Logistic regression is a variation of
linear regression used to describe
the relationship between two or more
variables when the dependent out-
come variable is dichotomous and
the independent variables can be cat-
egorical or continuous.

Survival analysis determines prob-
abilities of “survival” for individuals
from a designated starting time to
a later point; this interval is called
the survival time. The end point un-
der study is referred to as a failure.
Failure does not always signify death,
but may also define outcomes such
as the development of a particular

disease or a disease relapse. Survival
analysis requires an approach that is
different from logistic and linear re-
gression for two reasons: (1) the data
lack a normal distribution (ie, the dis-
tribution of survival data tends to be
skewed to the right) and (2) data cen-
soring can occur (ie, there are incom-
plete observation times because of loss
to follow-up or patient withdrawal
from a study). Potential tools for anal-
ysis include life tables, the Kaplan-
Meier method (ie, the product-limit
method), the log-rank test, and Cox
regression.

References
1. Porkess R. Web Linked Dictionary of
Statistics. New York, NY: Harper Collins;
2005
2. Windish DM, Diener-West M. A clinician-
educator’s roadmap to choosing and inter-
preting statistical tests. J Gen Intern Med.
2006;21(6):656–660
3. American College of Physicians–American
Society of Internal Medicine. Primer on
statistical significance and P values. Eff Clin
Pract. 2001;4(4):183–184
4. Common misinterpretation of a P Value.
GraphPad Software: 2010. Available at:
http://www.graphpad.com/help/Prism5/
Prism5Help.html?common_misinterpretation_
of_a_p_value.htm. Accessed January 19,
2012
5. Ghazarian SR. Distinguishing statistical
significance from clinical importance: the
value of the P value. Pediatr Rev. 2011;32
(2):73–74
6. Lang T. Twenty statistical errors even
you can find in biomedical research articles.
Croat Med J. 2004;45(4):361–370
7. American College of Physicians–American
Society of Internal Medicine. Primer on 95%
confidence intervals. Eff Clin Pract. 2001;4
(5):229–233
8. Lowry R. Concepts and applications of
inferential statistics. t-Test for Two Indepen-
dent Samples. Available at: http://faculty.
vassar.edu/lowry/ch11pt1.html. Accessed
January 19, 2012
9. Hicks CM. Undertaking Midwifery Re-
search: a Basic Guide to Design and Analysis.
New York, NY: Churchill Livingstone;
1996
10. Mamaholdi M. What is the chi-square
statistic? Connexions. 2006. Available at:
http://cnx.org/content/m13487/1.2/. Ac-
cessed January 19, 2012
11. Harvey M. Intuitive Biostatistics. New
York, NY: Oxford University Press Inc; 1995

Summary

• The choice of statistical analysis
depends on the research
question, outcome of interest,
distribution of data, type of data
collection, and potential for bias
and confounding. This article
reviews data types, hypothesis
testing, and how to choose the
right statistical test.

• Before conducting any study,
clinicians should state the null
and alternative hypotheses,
select the decision criterion (or
level of significance), choose
a sample from the population to
be studied, and establish the
value that a test statistic must
exceed in order for the null
hypothesis to be rejected, ie, the
critical value.

• The value of the test statistic is
compared with the critical values,
and a decision to accept or reject
the null hypothesis is made.
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Educational Gap

In the United States, sickle cell trait is carried by 7% to 8% of people of African an-

cestry, and the sickle hemoglobinopathies are estimated to affect 90,000 to 100,000

people.

Objectives After completing this article, readers should be able to:

1. Understand how the sickle hemoglobin mutation leads to the various manifestations

of sickle cell disease (SCD).

2. Identify common health maintenance needs for children with SCD.

3. Recognize the common acute complications of SCD and their treatment.

4. Assess the risks and benefits of the common treatment modalities for SCD.

5. Discuss the improved prognosis for children with SCD.

Epidemiology
The World Health Organization estimates that 7% of the world’s population carries a he-
moglobin (Hgb) mutation and that 300,000 to 500,000 children are born each year with
severe hemoglobinopathy. The sickle Hgb (HgbS) mutation occurred independently at
least four times (three times in sub-Saharan Africa and once in India or the Arabian pen-
insula) in regions with endemic malaria. In the heterozygous state, the sickle mutation pro-
vides protection against infection by the falciparum species of malaria and likely confers
a survival advantage, leading to its continued high prevalence in some populations of
sub-Saharan Africa and the Middle East/India. In the United States, sickle cell trait is car-
ried by 7% to 8% of people of African ancestry, and the sickle hemoglobinopathies are es-
timated to affect 90,000 to 100,000 people. (1) US newborn screening data suggest that

1 in 2,500 newborns is affected by a form of sickle cell disease
(SCD).

Nomenclature
SCD refers to a group of heterogeneous disorders that are
unified by the presence of at least one b globin gene affected
by the sickle mutation (position 6, b-globin gene; codon
GAG changes to codon GTG, coding for glutamic acid in-
stead of valine). Homozygotes for the sickle mutation have
sickle cell anemia (SS) or Hgb SS disease, which accounts for
w60% to 65% of SCD.

When inherited with the sickle mutation in a compound
heterozygous state, other b-globin gene mutations lead to
other distinct forms of SCD. The most common of these
is HgbC, which, when coinherited with the sickle mutation,
leads to sickle hemoglobin-C disease, accounting for 25% to
30% of all SCD. Coinheritance of a b thalassemia mutation
with the sickle mutation leads to sickle b0 thalassemia (Sb0)
or sickle bþ thalassemia, which account for 5% to 10% of all
SCD (b0 indicates no b globin production; bþ indicates di-
minished b globin production).

Abbreviations

ACS: acute chest syndrome
Hgb: hemoglobin
HgbS: sickle hemoglobin
HSCT: hematopoietic stem cell transplantation
HU: hydroxyurea
IPD: invasive pneumococcal disease
PAH: pulmonary artery hypertension
PCV13: pneumococcal conjugate vaccine
PROPS: Prophylactic Penicillin Study
RBC: red blood cell
SCD: sickle cell disease
SS: sickle cell anemia
Sb0: sickle b0 thalassemia
TCD: transcranial Doppler
TRJV: tricuspid regurgitant jet velocity
VOC: vaso-occlusive crises

*Division of Hematology-Oncology, Department of Pediatrics, University of Texas Southwestern Medical Center at Dallas, Dallas,

TX; Center for Cancer and Blood Disorders, Children’s Medical Center Dallas, Dallas, TX.
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Other less common b-globin mutations that lead to
SCD when coinherited with HgbS include Hgbs OArab,
D, and E. When discussing patients with SCD, precise
nomenclature is important because of the phenotypic var-
iability between the various forms.

It should also be noted that the term “sickler” is
viewed as a derogatory term by many in the SCD cli-
nician and patient community and is inappropriate to
use in communication among clinicians. More appro-
priate terminology would be “a patient with sickle cell
disease.”

Pathophysiology
The sickle mutation leads to the replacement of hydro-
philic glutamic acid by a hydrophobic valine. The pres-
ence of the hydrophobic valine residue allows HgbS to
polymerize in the deoxygenated state. In addition to
low oxygen tension, low pH and an increased concentra-
tion of HgbS within the red blood cell (RBC) encourage
polymer formation. HgbS polymerization ultimately
causes RBCs to take on the characteristic sickle shape
in a reversible fashion. Repeated episodes of polymeriza-
tion and “sickling” can cause an RBC to be irreversibly
sickled. In the circulation, these stiff, nondeformable
sickled cells can lead to vaso-occlusion, with resultant tis-
sue ischemia. As a result of or in addition to HgbS po-
lymerization, other pathophysiologic mechanisms in patients
with SCD have been observed, including activation of
the vascular endothelium, leukocytosis, leukocyte activa-
tion, platelet activation, and oxidative stress from tissue re-
perfusion. Additionally, reduced RBC deformability and
injury of the RBC cytoskeleton caused by the presence
of HgbS polymers ultimately result in both intravascular
and extravascular hemolysis. In the past 10 years, it has
been suggested that nitric oxide depletion secondary to in-
travascular hemolysis may contribute to certain compli-
cations of SCD, such as pulmonary artery hypertension
(PAH), although this postulate is controversial. (2)(3)

Diagnosis
Before newborn screening, the diagnosis of SCD was
made only after a potentially devastating complication
prompted medical attention. Justification of newborn
screening for SCD was provided by the Prophylactic
Penicillin Study (PROPS) in 1986 (see below), and
since then, universal newborn screening with Hgb elec-
trophoresis (Table 1) or other methods has become the
standard in the United States. Certain states also provide
confirmation of an SCD electrophoresis result by DNA
sequencing. As with most genetic conditions, prenatal

diagnosis of a fetus with SCD is possible in the first tri-
mester through chorionic villus sampling or in the sec-
ond trimester through amniocentesis.

Health Maintenance
SCD is medically complex, affecting virtually any organ in
the body, so children born with SCD benefit from well-
coordinated, comprehensive, multidisciplinary care. This
care occurs ideally through regular interactions with both
a primary care provider and a pediatric hematologist. Psy-
chologists, social workers, and expert nursing support
play important roles as patients and families adjust to life
with SCD and its complications. Additionally, other
subspecialty expertise in SCD is important, including
neurology, pulmonology, nephrology, radiology, oph-
thalmology, otorhinolaryngology, general surgery, and
anesthesiology. In addition to the elements of routine
health maintenance highlighted in Table 2, common
chronic problems and activities discussed at routine visits
include enuresis, sleep and sleep-disordered breathing,
jaundice, mental health and adjustment to chronic disease,
and sports participation. In the teenage years, fostering
self-care, responsibility, and readiness for transition to
adult care become the focus.

Clinical Presentation
Effects on Blood

A variety of hematologic abnormalities typify SCD. Ane-
mia is the primary hematologic manifestation of SCD,
with the severity determined by genotype (Table 3), in
addition to the specific patient’s rates of hemolysis, eryth-
ropoiesis, and plasma volume expansion. (4) After the
transition to adult b globin expression occurs in the first

Table 1. Newborn Screen Results for
Common Hemoglobinopathies

Newborn Screening
Result Interpretation

F, A Normal
F, A, S Sickle cell trait
F, S SS, Sb0, or S-HPFH
F, S, C HgbS-C disease
F, S, A Sickle bD thalassemia
F, A, S, Barts Sickle cell trait with a

thalassemia trait
F b-thalassemia major

b thalassemia trait is not diagnosed in the newborn period with most
current newborn screening techniques. A¼HgbA; C¼HgbC; F¼fetal
Hgb; S¼HgbS; S-HPFH¼sickle with hereditary persistence of fetal Hgb.
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year of life, children with SCD typically maintain stable
baseline Hgb levels with significant fluctuations occur-
ring usually during acute disease complications. Addi-
tionally, a leukocytosis with typical total white blood
cell counts of 15,000 to 25,000/mm3 is observed. A
mild thrombocytosis is also common among patients
with SCD, with average platelet counts of 400,000 to
475,000/mm3.

Infection
PNEUMOCOCCUS AND PROPHYLACTIC PENICILLIN. A

predilection to infection by the encapsulated organism
Streptococcus pneumoniae has long been recognized in
children with SCD, particularly those with SS, due to
functional asplenia. Before attempts at prophylaxis, the

incidence of invasive pneumococcal disease (IPD) was
six episodes/100 patient years, with a peak in the first
3 years of life. Beginning in the late 1970s and early
1980s, the pneumococcal polysaccharide vaccine became
standard for children with SCD. In 1986, the landmark
PROPS clinical trial revealed an 84% decrease in the risk
of IPD in children receiving daily prophylactic penicillin,
compared with those receiving placebo. (5)

The PROPS II study attempted to answer the ques-
tion of whether prophylactic penicillin could be discon-
tinued safely at 5 years of age. (6) The number of IPD
events was unexpectedly low during the study period,
so a difference in the rates of IPD between groups could
not be demonstrated clearly. This finding has led to
a variable practice among sickle cell centers with some

Table 2. Health Maintenance Timeline for Children With SCD

Intervention/Activity Timing

Comprehensive medical evaluation (with a hematologist,
where possible)

First visit by 2 mo of age
3–4 / y until age 5
1–2 / y after age 5

Genetic counseling First visit, re-educate as needed
Pneumococcal prophylaxis
Twice daily prophylactic penicillin As soon as possible
PCV13 series 2, 4, 6, and 12–15 mo
Pneumococcal polysaccharide vaccine First dose at 2 y of age

Haemophilus influenzae type b vaccine 2, 4, 6, and 12–15 mo
Meningococcal vaccine (MCV4) Annually, first dose must wait until after 6 mo of age
Influenza virus vaccine First after 6 mo after birth, annually thereafter
Education on spleen palpation and signs/symptoms of
splenic sequestration

First visit and every visit thereafter until age 3–5 y

TCD ultrasonography* First screen at 2 y of age
If normal, repeat annually until age 16
If conditional, repeat every 3–6 mo
If abnormal 32, initiate transfusions

Asthma screening Screening history at 1 y of age, then annually
PFTs at 6 y of age, then every 5 y†

Growth and maturation assessment At least annually
Assessment of school performance At least annually upon school entry
Assessment for sickle retinopathy by an ophthalmologist Annually beginning at 10 y of age
Evaluate for sickle nephropathy by creatinine, urinalysis,
urine protein/creatinine ratio or microalbuminuria‡

Annually beginning at 10 y of age‡

Counseling on transition to adult care‡ Annually beginning at 13–15 y of age‡
Screening performed at some centers If done, ideal timing is unknown
History, physical or radiograph for avascular necrosis
of femoral heads

History and physical for obstructive sleep apnea
Echocardiography for elevated TRJV
MRI for silent stroke and cerebral vasculopathy

PFT=pulmonary function test, TCD=transcranial Doppler.
*For patients with SS and Sb0.
†Disagreement among experts about the necessity of PFT screening.
‡Limited evidence base to support a specific method or timing.
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recommending daily penicillin for life (or at least until
age 18 years), whereas others recommend cessation
of prophylaxis at age 5 years. Similarly, the role of pen-
icillin in patients with Hgb SC and other mild geno-
types is controversial.

The heptavalent pneumococcal conjugate vaccine, li-
censed in 2000, has led to a further 70% decrease in the
incidence of IPD, now estimated to be 0.3 to 0.5/100
patient years. (7) After heptavalent pneumococcal con-
jugate vaccine licensure, nonvaccine serotypes emerged
as the most common cause of IPD, particularly serotype
19A. Pneumococcal conjugate vaccine (PCV13), licensed
in 2010, includes 19A and other currently prevailing sero-
types. Current standard practice should include daily pro-
phylactic penicillin beginning before 2 months of age, the
PCV13 series as recommended for all children, and at least
two doses of pneumococcal polysaccharide vaccine, with
the first dose at 2 years of age.

FEVER MANAGEMENT. Because of the risk of IPD,
any fever (typically defined as ‡38.3°C) is treated as
a medical emergency for children with SCD.Urgent eval-
uation of all febrile episodes, including physical examina-
tion, complete blood count, and blood culture, is of
utmost importance. Although hospitalization for observa-
tion is sometimes necessary, patients with SCD evaluated
for fever without a source who lack certain high risk features
(white blood cell count>30,000/mm3 or <5,000/mm3,
fever >40°C, “ill-appearing”) may be managed safely
as an outpatient after intravenous administration of an
empiric, antipneumococcal antibiotic (eg, ceftriaxone).
Other factors that must be considered in deciding whether
to discharge a patient from the emergency department in-
clude the age of the patient, the ability of the family to re-
turn promptly for recurrent fever or clinical deterioration,
and the availability of close follow-up.

APLASTIC CRISIS. Infection by parvovirus B19 leads
to a maturation arrest for RBC precursors in the bone

marrow forw10 to 14 days. In hematologically normal
children, this arrest in RBC production is not problem-
atic because of the 120-day lifespan of normal RBCs.
In SCD, however, the RBC lifespan is between 10 and
20 days, so cessation of RBC production for 10 to 14 days
can lead to profound anemia. Signs and symptoms of pro-
found anemia, including pallor, fatigue, decreased ac-
tivity, altered mentation, and poor feeding, are typical
of aplastic crises. Laboratory evaluation reveals severe
anemia with reticulocytopenia and occasional thrombo-
cytopenia. The management of an aplastic crisis includes
transfusion support as needed until reticulocyte recovery
has occurred. Family members of patients with SCD
who are experiencing an aplastic crisis should be evalu-
ated if they have SCD and no previous history of parvo-
virus infection.

Acute Pain
VASO-OCCLUSIVE CRISIS. Severe, episodic pain is

the clinical hallmark of SCD. Commonly referred to
as vaso-occlusive crises (VOC), these episodes can occur
from infancy until old age, although they increase in fre-
quency throughout childhood with a peak in the mid
20s. The pathophysiologic mechanism for most VOC
is bone marrow ischemia with resultant infarction. Risk
factors for more frequent VOC include severe genotype
(SS or Sb0), increasing age, and high baseline Hgb level.
On the other hand, a high baseline fetal Hgb concentra-
tion is protective. VOCs are triggered commonly by in-
fection, emotional stress, or exposure to cold, wind, or
high altitude. The episodes may occur in many locations
throughout the body, although the lower back, legs, and
arms are most common. Using the frequency of inter-
actions with the health-care system as a proxy for pain
frequency and severity may vastly underestimate the
problem of pain in SCD. It is, therefore, crucial that
health-care providers specifically assess pain occurring
at home during routine visits.

Table 3. Hematologic Parameters for the Common Forms of SCD

Name Genotype

Typical Baseline Values

Hgb, g/dL Reticulocytes, % MCV

Sickle cell anemia SS 6–9 10–20 Normal*
Sickle hemoglobin-C disease SC 9–11 3–10 Low normal to slightly low
Sickle b-zero thalassemia Sb0 6–9 10–20 Low
Sickle b-plus thalassemia SbD 10–12 2–5 Low

MCV¼mean corpuscular volume.
*Unless a thalassemia trait is coinherited with SS.
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The severity and duration of VOCs vary from minor
pain lasting minutes to excruciating pain lasting days.
Examination of a patient having a VOC may reveal er-
ythema, edema, joint effusions, or point tenderness, but
none of these signs may be present and they are not
required for the diagnosis. A minor decrease in Hgb
concentration from baseline and an increased white
blood cell count are common but nonspecific laboratory
features.

The approach to treating severe acute pain, sadly,
has not changed in decades. Opioid analgesics, anti-
inflammatory medications, and intravenous fluids re-
main the mainstays of treatment. RBC transfusions,
however, do not aid in the resolution of severe VOCs.
Recognition and treatment of psychosocial contribu-
tors to acute and chronic pain are other key elements
to VOC management. Many pain crises can be treated
at home with distraction and other coping behaviors
in addition to oral pain medications. Prevention of
VOCs can be aided by the avoidance of precipitating
factors, the use of hydroxyurea (HU, see below),
and maintenance of intravascular volume through oral
fluid intake.

DACTYLITIS. Dactylitis is a specific type of VOC that
occurs in infants and young children with SCD, especially
SS. Dactylitis is defined by tender, erythematous, and
edematous hands or feet (Fig 1). It occurs in 25% of infants
by 1 year of age and 40% by 2 years of age, although sig-
nificant variability in the prevalence has been noted among
studies. Principles of dactylitis management do not differ
from other VOCs; analgesics and intravenous fluids are
key. Dactylitis before 1 year of age was identified as one

of three prognostic factors used to predict severe outcome
(frequent VOCs, frequent acute chest syndrome [ACS],
acute stroke, or death) in a large cohort study of pediatric
patients with SCD in the United States, although this find-
ing could not be replicated in a large independent pediatric
cohort study.

Pulmonary Complications
ACUTE CHEST SYNDROME. The very term ACS sug-

gests an incomplete understanding of this phenomenon.
Clinically, ACS is defined by a new pulmonary infiltrate
(Fig 2) on chest radiograph in addition to one or more
of the following: fever, tachypnea, dyspnea, hypoxia,
and chest pain. ACS is a common and potentially lethal
complication of SCD. The incidence of ACS is highest
(25 episodes/100 patient years) in children between 2
and 5 years of age. When the underlying cause of ACS
was investigated in detail including bronchoscopy, 45%
of patients had no identifiable cause, whereas infection
caused 30% of cases. The most common infectious causes
of ACS included Chlamydia pneumoniae (28% of infec-
tions), viral infection (22%), andMycoplasma pneumoniae
(20%). Pulmonary infarction and fat embolism caused
16% and 8% of all ACS cases, respectively. The pathogen-
esis of ACS likely varies, depending on the cause, but
commonly includes inflammation, pulmonary vascular
occlusion, ventilation/perfusion mismatch, airway hyper-
reactivity, and pulmonary edema.

The treatment of ACS includes supplemental oxygen,
empiric antibiotics (including a macrolide for coverage
of atypical pathogens), bronchodilators, and careful man-
agement of analgesia and intravascular volume. Blood
transfusion is another fundamental treatment for ACS.
A decrease in Hgb level from baseline and an increasing

Figure 1. Dactylitis is characterized by tender, erythematous,
and edematous hands or feet. Courtesy of Doernbecher Children’s
Hospital, Portland, Oregon.

Figure 2. Chest radiograph of an 18-month-old infant with
SS and severe ACS with diffuse bilateral infiltrates.
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supplemental oxygen requirement are common indica-
tions for transfusion in ACS. Simple transfusion may
be adequate for mild to moderate ACS, but exchange
transfusion should be considered early in the course
of progressive or severe ACS.

In addition to transfusion, supportive respiratory care,
up to and including mechanical ventilation and extra-
corporeal membrane oxygenation, may be necessary in
severe cases. Finally, corticosteroids have been shown
to reduce the severity of ACS hospitalizations. Unfortu-
nately, corticosteroid use is complicated by a high rate of
“rebound” VOC, so if used at all, corticosteroids should
be reserved for the most severe cases.

ASTHMA. Asthma is prevalent in children with SCD,
as in the general population, affecting nearly 20% of pa-
tients. In SCD, a diagnosis of asthma is associated with
higher rates of ACS, VOC, and early death. The mecha-
nism by which asthma influences the severity of SCD is
unclear but could relate to inflammation, ventilation-
perfusion mismatching, or other mechanisms. Because
of the strength of the SCD/asthma association, pa-
tients with SCD should be screened for asthma on an
annual basis by history and physical examination begin-
ning at 1 year of age. Additionally, some groups recom-
mend screening with pulmonary function testing at least
every 5 years, beginning at 6 years of age. Patients with
SCD with persistent asthma also should be followed by a pul-
monologist, regardless of severity.

PULMONARY ARTERY HYPERTENSION. PAH is a severe
complication of SCD that typically occurs in adulthood.
Its pathogenesis may relate to nitric oxide depletion sec-
ondary to release of free Hgb into the plasma from chronic
intravascular hemolysis. Symptoms of PAH may include
exertional dyspnea, fatigue, and syncopal events. Right
heart catheterization classically has been required for the
diagnosis of PAH, although an elevated tricuspid regurgi-
tant jet velocity (TRJV) on echocardiography is correlated
with catheter-determined pulmonary artery pressures.
Thus, echocardiography for TRJV is used commonly as a
screening test for PAH in adults with SCD, and, although
controversial, has been suggested as a screening test for
children with SCD as well. Abnormal TRJVs have become
synonymous with PAH in some segments of the literature,
but right heart catheterization is still recommended for
a definitive diagnosis and before treatment of PAH.

Neurologic Manifestations
STROKE. Children with SS and Sb0 have long been

recognized as being at risk for acute stroke. The risk of

stroke is 10% in the first 20 years of life, with a peak in-
cidence between 4 and 8 years of age. (8) Most strokes in
SCD are ischemic in nature, with hemorrhagic stroke ac-
counting for less than 10% of the total. The presenting
symptoms of acute stroke in SCD include hemiparesis, fa-
cial droop, aphasia, and more generalized symptoms, in-
cluding stupor and, rarely, seizure. Acute stroke symptoms
may mimic a VOC in a young child reluctant to use a pain-
ful limb. The pathogenesis of acute stroke is incompletely
understood but includes a vasculopathy marked by hyper-
trophy of the intima and media layers of the large arteries
in the anterior cerebral circulation (primarily the middle
cerebral arteries).

The evaluation of a patient suspected of experiencing
acute stroke should include a careful history and neuro-
logic examination; emergent radiographic evaluation by
MRI or computed tomography followed by MRI when
MRI is not immediately available; and a laboratory eval-
uation, including blood count, reticulocyte count, Hgb S
percentage, and blood group and screen.

The principle underlying the treatment of acute stroke
is the rapid reduction of the Hgb S percentage. This goal
may be achieved through simple RBC transfusion or
partial manual exchange, although automated exchange
transfusion with erythrocytopheresis reduces the Hgb S
percentage more efficiently and is widely regarded as
standard practice. This treatment frequently leads to res-
olution or a marked dimunition in neurologic symptoms
within 24 to 48 hours.

The long-term outcome of acute stroke is variable;
many patients lack significant motor impairment but
may demonstrate impaired executive functioning. A sec-
ond stroke is very likely without the use of regular RBC
transfusions to suppress the Hgb S percentage, and even
with a chronic transfusion regimen (see below),w20% of
acute stroke victims will experience a second acute stroke.
For this reason, hematopoietic stem cell transplantation
(HSCT) may be an optimal therapy for children who
have a history of acute stroke when a suitable donor is
available (see below).

PRIMARY STROKE PREVENTION. The terrible burden
of acute stroke in patients with SS and Sb0 has driven
research dedicated to primary stroke prevention. In the
early 1990s, transcranial Doppler (TCD) ultrasonogra-
phy was shown to predict risk of acute stroke in SS and
Sb0, with an abnormal TCD examination representing
a 40% risk of stroke in the subsequent 3 years. In the
landmark Stroke Prevention Trial in Sickle Cell Anemia,
children identified to be at high risk by TCD were ran-
domly assigned to monthly blood transfusions versus
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observation, with a 90% decrease in the rate of stroke ob-
served in the transfusion group. (9) Hence, annual
screening with TCD has become standard care for chil-
dren with SS and Sb0. The duration of transfusion is
indefinite, although current studies are addressing
whether patients may be transitioned safely to HU to pre-
vent stroke.

SILENT STROKE. In the past decade, silent stroke has
been recognized as an important problem in children
with SS and Sb0. Silent stroke is defined by the pres-
ence of findings on MRI suggestive of old cerebral
infarction, typically small areas of gliosis, without a corrob-
orating clinical history of acute stroke symptoms. Silent
strokes are associated strongly with neurocognitive
deficits and are a risk factor for subsequent acute stroke.
Most studies have revealed that silent strokes occur in
w30% of children (10) with SS and Sb0, leading to es-
timates of the cumulative prevalence of central nervous
system infarct events (acute and silent stroke) ofw40%
in this population. Regular blood transfusions are un-
der study to determine whether they may decrease the
risk of acute stroke in patients who have experienced
silent stroke.

COGNITIVE IMPAIRMENT. Not surprisingly, patients
with SCD with a history of acute stroke or silent stroke
have high rates of neuropsychological dysfunction. Even
the SCD population that has not been affected by acute
or silent stroke has a high rate of a neuropsychological
dysfunction that worsens with age, including deficits in
general intelligence, attention and executive function-
ing, memory, language, and visual-motor performance
compared with matched controls. The result may be diffi-
culty at school and in other tasks requiring executive func-
tioning. Early evaluation and intervention in school
settings may improve outcomes for this at-risk population.

Other Clinical Sequelae
Splenic Sequestration

Rapid enlargement of the spleen with resultant trapping
of the blood elements is known as acute splenic seques-
tration and occurs inw30% of children with SS by 5 years
of age, with most first episodes occurring before 2 years
of age. Children with SC disease tend to develop splenic
sequestration at 10 years of age or older. Splenic seques-
tration was a common cause of mortality among children
with SCD before the 1980s. Education of family mem-
bers in daily spleen palpation is now standard care and
has increased the detection of sequestration and markedly
decreased mortality.

Evaluation of a child with splenic sequestration will
reveal splenomegaly, a Hgb value below baseline, and
thrombocytopenia, because all blood elements will be
trapped in the enlarged spleen. The management of
an initial splenic sequestration episode typically includes
cautious transfusion to Hgb values between 7 and
9 gr/dL. A reduction in spleen size frequently occurs
1 to 3 days after initial presentation and may lead to
2 to 3 gr/dL increases in Hgb, a phenomenon known
as “auto-transfusion.”

Approximately one-half of patients will experience re-
currence of splenic sequestration. Splenectomy is per-
formed commonly after a second or third sequestration
episode, although some centers chronically transfuse af-
fected infants until 2 years of age before undertaking
splenectomy.

Cholelithiasis
SCD is a chronic hemolytic anemia, and when Hgb is re-
leased from the RBC, bilirubin is produced, leading to
jaundice. Ultimately, this increased bilirubin is stored
in the gall bladder and can precipitate to form stones.
Presenting signs and symptoms of cholelithiasis in SCD
include right upper quadrant or epigastric abdominal
pain, jaundice, and vomiting. Incidentally discovered,
asymptomatic gallstones may be observed without re-
quiring intervention. Symptomatic stones or stones
obstructing the common bile duct commonly require
cholecystectomy. A laparoscopic approach is now stan-
dard for cholecystectomy, which reduces the duration
of postoperative pain and hospitalization. See below for
additional notes on the surgical management of patients
with SCD.

Priapism
Priapism is a prolonged, painful erection of the penis with
typical onset in the early morning hours. It can occur in
two forms: prolonged, an episode of ‡4 hours duration,
and stuttering, self-limited episodes that can occur in
clusters. In SCD, priapism is thought to be caused by
sickling of RBCs in the corpora cavernosa of the penis,
leading to sludging and an increase in intrapenile pres-
sure. (11) This effect, in turn, leads to local acidosis
and worsening deoxygenation, which leads to further
sickling in a vicious cycle that causes further outflow tract
obstruction and severe pain.

Priapism can occur as young as 3 years of age, and
w30% of boys will have an episode by age 15. If a pro-
longed episode is left untreated, fibrosis of the cavernosa
may develop, leading to permanent erectile dysfunction.
Treatment of an acute episode of priapism may include

blood disorders sickle cell disease

Pediatrics in Review Vol.33 No.5 May 2012 201

 at Health Internetwork on May 2, 2012http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


aggressive analgesia and pharmacologic efforts to decrease
the vascular engorgement of the cavernosa through ag-
ents such as pseudoephredrine and etilefrine. Aspiration
and irrigation of the cavernosa by a urologist may be
necessary for prolonged episodes. Blood transfusions
and oxygen are of unproven benefit for acute episodes
of priapism.

Prevention of priapism is understudied, although
nightly pseudoephedrine or etilefrine have been reported
to achieve some success in case series or uncontrolled tri-
als. Gonadotropin releasing hormone analogs also have
been used to prevent recurrent priapism. The effects of
HU and chronic blood transfusion for prevention of
priapism are largely unreported.

Surgery
Major surgery places a child with SCD at risk of compli-
cations, including ACS. To that end, perioperative trans-
fusion to increase the Hgb concentration and decrease
the Hgb S percentage is considered standard care for ma-
jor surgeries. Additionally, measures such as incentive spi-
rometry, carefully titrated analgesia, oxygen therapy, and
close inpatient observation may help decrease the risk
of postoperative SCD-related complications. The role
of preoperative transfusion for minor surgery includ-
ing tonsillectomy/adenoidectomy is controversial, but
transfusion may be safely avoided for some patients un-
dergoing such procedures.

Therapeutics
Hydroxyurea

HU is the only medication approved by the Food and
Drug Administration for the treatment of SCD. HU
use for children with SCD has been reviewed recently.
(12) HU was developed originally as a chemotherapeutic
agent for certain leukemias and myeloproliferative dis-
eases, but in the early 1980s, HU was recognized to in-
crease expression of fetal Hgb. Fetal Hgb was known
to inhibit the polymerization of HgbS, the primary
mechanism underlying the SCD pathogenesis. HU also
may act through a relative myelosuppression with a de-
crease in circulating neutrophils, cells whose role in the
pathogenesis of some SCD complications has recently
been recognized.

In clinical trials for adults with SCD, HU was shown
to markedly reduce the rate of VOCs, ACS, blood
transfusions, and all-cause hospitalizations. In addition,
long-term follow-up studies have revealed HU to con-
fer a survival advantage for adults with SS and Sb0. In
children with SCD, the published experience with HU

is less extensive, although clinical trials with HU have
been conducted in children as young as 9 to 18 months
of age.

A randomized clinical trial of HU for infants with SCD
(BABY-HUG) was completed recently. (13) Although
HU failed to improve the primary outcomes of kidney
and spleen function, a decrease was observed in the
rates of hospitalization, blood transfusion, ACS, dacty-
litis, and other VOCs for infants on HU compared with
those on placebo. There is also some evidence that
HU may reduce conditional and even abnormal TCD
velocities.

The toxicity profile for HU has shown it to be tolerable
with minimal toxicities other than the risk of mild myelo-
suppression. Thus, regular monitoring of blood counts is
required while on HU. HU is theorized to be a teratogen
as well and is contraindicated in pregnant women. Some
concerns have existed in both the patient and clinician
community that HU, as a chemotherapeutic agent, may
induce genetic changes that could lead to myelodysplasia,
leukemia, or other malignancy, yet these complications
have never been attributed to HU in an actual patient
with SCD. Importantly, recent analyses of peripheral
blood mononuclear cells have not demonstrated im-
paired DNA repair mechanisms or increased mutations
in children on HU compared with other patients with
SCD.

In summary, HU is an important therapeutic option
for children with SCD. Historically, HU was reserved
only for children with severe or frequent complications
of SCD, but as suggested by the authors of the recently
published BABY-HUG study, consideration must now
be given to offering HU to all children with SS or
Sb0. (13)

Chronic Transfusion
The suppression of endogenous RBC production by reg-
ular transfusion of donor RBCs is another means by
which complications of SCD may be ameliorated. The
clearest indications for chronic transfusions are for both
primary and secondary stroke prevention. Short- and
long-term chronic transfusions also have been used to
treat complications such as frequent pain, severe or fre-
quent ACS, and growth failure, among others. Simple
transfusion is the most commonly used method for
RBC delivery in chronic transfusions. This method car-
ries with it the ubiquitous problem of iron overload, be-
cause each milliliter of transfused blood contains between
0.5 and 1 mg of elemental iron, which approximates
normal daily absorption. Iron loading occurs primarily
in the liver, heart, and endocrine glands in patients with
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SCD, and severe overload can result in morbidity and
mortality.

The treatment of iron overload requires an exogenous
iron chelator because humans lack a mechanism to in-
crease excretion of the excess iron. Before 2007, the only
available iron chelator (deferroxamine) in the United
States required subcutaneous administration for 10 to
12 hours per day, 5 to 7 days per week. Adherence to
such a medication regimen was understandably low,
so severe iron overload developed in many chronically
transfused patients with SCD. In 2007, an oral iron che-
lator (deferasirox) was licensed. Deferasirox appears to
be as efficacious as deferroxamine in reducing iron
burden.

In addition to iron overload, transfusion-related in-
fection and alloantibody formation are other potential
complications of chronic transfusions. Improved donor
selection policies and careful nucleic acid based-testing
have greatly reduced, but not eliminated, the likelihood
of transfusion-related infection. The risk of alloanti-
body formation may be mitigated by extended RBC
cross-matching and programs to match donors and re-
cipients by race and ethnicity. Exchange transfusion,
either by manual exchange or erythrocytopheresis, is
an alternative to simple transfusion and appears to
greatly decrease iron loading in patients on chronic
transfusions.

Hematopoietic Bone Marrow Transplantation
HSCT remains the only curative option for children with
SCD. Transplantation works by replacing sickle erythro-
cyte progenitors with normal erythrocyte progenitors in
the bone marrow. HSCT typically is reserved for patients
affected by severe or life-threatening complications of
SCD, including stroke and ACS.

Themost important risks ofHSCT include peri-transplant
mortality (frequently from infection), graft-versus-host
disease, graft failure, and conditioning-induced infertility.
Limitations to the use of HSCT include a paucity of
matched siblings and poor representation of minorities in
the bone marrow donor pool. Unrelated HSCT and
reduced intensity conditioning regimens have been pub-
lished recently but require further exploration in the clin-
ical trial setting.

Emerging Therapeutics
Recently, a variety of new therapies have been suggested
for SCD.Most tantalizing is the potential of gene therapy
via the insertion of a normal b globin or g globin gene
into a patient’s own hematopoietic precursors. Bone
marrow has been the traditional source of hematopoietic

stem cells, although the recent recognition that plurip-
otent stem cells may be induced from skin cells may
make the production of corrected hematopoietic pre-
cursors less invasive and painful. Other emerging thera-
peutics currently under development for patients with
SCD include novel agents aimed at inducing HgF ex-
pression, novel anti-inflammatory or antithrombotic
agents to treat or prevent sickle cell complications, in-
haled nitric oxide, HSCT from unrelated donors, and
reduced intensity conditioning for HSCT, among
others.

Quality of Care
The provision of care to patients with SCD in the United
States occurs within a complex tapestry of societal and
personal interactions. The acute complications of SCD
lead to frequent emergency department visits and hospi-
talizations for some patients. Unfortunately, studies of
patient experiences and clinician attitudes in both the
emergency department and inpatient settings have dem-
onstrated frequent distrust between patients and providers.
Patients describe both over- and undertreatment and lack
of involvement in decision-making.

The quality-of-care provided varies depending on the
rarity and severity of a given complication and the experi-
ence of the hospital and its personnel with SCD patients.
Recently, the first set of rigorously developed quality-of-
care indicators for children with SCD were published.
(14) These indicators establish a benchmark that will allow
providers and health-care organizations to measure their
performance in SCD care, and as changes are made to im-
prove performance, the SCD patient’s experience of care
also may begin to improve.

Prognosis and Survival
In spite of the many complications that may afflict chil-
dren who have SCD, their prognosis has improved in past
decades. Before routine newborn screening and pneumo-
coccal prophylaxis, death from IPD, splenic sequestra-
tion, ACS or other severe complications of SCD was
a common occurrence in childhood. Recent studies from
cohorts in the United States and the United Kingdom
suggest that death in childhood is becoming an infre-
quent event, with w95% of children with SCD surviving
to age 18 years. (15) Unfortunately, the young adult
years, following transition to adult care, appear to be
a high-risk period for individuals with SCD, which has
led to a recent emphasis on improving the transition
process, with the long-term goals of improving quality
of life, quality of medical care, and survival for patients
with SCD.
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Summary

• Sickle cell disease (SCD) is a heterogeneous group of
prevalent, potentially life-threatening, chronic
disorders of hemoglobin (Hgb).

• Hgb polymerization underlies the pathophysiology of
SCD.

• Children who have SCD benefit from regular health
maintenance visits with a pediatric hematologist and
a primary care pediatrician.

• The high incidence of invasive pneumococcal disease
(IPD) in SCD justifies newborn screening, daily
prophylactic penicillin, and immunization with the
pneumococcal conjugate and polysaccharide
vaccines.

• Vaso-occlusive pain crises are the clinical hallmark
of SCD and occur with increasing frequency
through childhood. These episodes warrant
aggressive treatment with analgesics and hydration
and may be prevented with hydroxyurea (HU)
therapy.

• Annual transcranial Doppler (TCD) screening for
patients ages 2 to 16 years identifies those at high risk
for acute stroke, and regular blood transfusions can
reduce this risk greatly.

• Common indications for initiating HU therapy
have been severe or frequent vaso-occlusive crises
or acute chest syndrome, but this therapy may
be considered in younger and less symptomatic
patients.

• The prognosis for children with SCD has improved,
with the vast majority surviving into adulthood,
prompting a focus on improving the process of
transition to adult care.
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PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January 2012, learners can
take Pediatrics in Review quizzes and claim credit online only. No paper answer form will be printed in the journal.

New Minimum Performance Level Requirements
Per the 2010 revision of the American Medical Association (AMA) Physician’s Recognition Award (PRA) and credit system,
a minimum performance level must be established on enduring material and journal-based CME activities that are certified for AMA
PRA Category 1 CreditTM. In order to successfully complete 2012 Pediatrics in Review articles for AMA PRA Category 1 CreditTM,
learners must demonstrate a minimum performance level of 60% or higher on this assessment, which measures achievement of the
educational purpose and/or objectives of this activity.

Starting with 2012 Pediatrics in Review, AMA PRA Category 1 CreditTM can be claimed only if 60% or more of the questions are
answered correctly. If you score less than 60% on the assessment, you will be given additional opportunities to answer questions
until an overall 60% or greater score is achieved.

1. Neonatal screening has identified an infant with sickle cell anemia. Which of the following is the most
appropriate method of protection against invasive pneumococcal disease?

A. Begin daily prophylactic penicillin at 2 years of age; administer pneumococcal polysaccharide vaccine
instead of pneumococcal conjugate vaccine at recommended intervals for all children.

B. Begin daily prophylactic penicillin at 2 years of age; pneumococcal conjugate vaccine as recommended for
all children, and at least two doses of pneumococcal polysaccharide vaccine at 2 and 5 years.

C. Begin daily prophylactic penicillin before 2 months of age; administer pneumococcal conjugate vaccine as
recommended for all children and at least two doses of pneumococcal polysaccharide vaccine at 2 and 5
years.

D. Begin daily prophylactic penicillin before 2 months of age; administer pneumococcal conjugate vaccine
instead of pneumococcal polysaccharide vaccine at recommended intervals for all children.

E. Begin daily prophylactic penicillin before 2 months of age; administer pneumococcal polysaccharide
vaccine at 2, 4, and 6 months of age and at least two doses of pneumococcal conjugate vaccine at 2 and 5
years.

2. A 3-year-old girl with sickle cell anemia presents with fatigue and malaise for the last 3 days. Her mother feels
that the girl appears much paler than usual. Examination reveals a pale child with temperature 37.4˚C, heart
rate 125 beats per minute, respirations 28 per minute, and blood pressure 90/50 mmHg. The rest of the
physical examination is unremarkable. Complete blood count reveals a hemoglobin level of 4 G/dL, WBC 5,400/
mL with 34% neutrophils, 48% lymphocytes, and 18% monocytes, and platelets 250,000/mL. Reticulocyte
count is 0.4%. Which of the following best explains this child’s anemia?

A. Excessive lysis of irreversible sickle cells.
B. Impaired release of erythrocytes from bone marrow.
C. Maturation arrest of erythrocyte precursors in the bone marrow.
D. Replacement of bone marrow with monocytes.
E. Sequestration of erythrocytes in spleen.

3. A 4-year-old girl with sickle cell disease (genotype Sb0) presents with excruciating pain in both lower
extremities for the last 12 hours. She describes her pain as 9/10 below the right knee and 6/10 below the
left knee. She has a pet turtle, and her immunization record is unavailable. Physical examination reveals
temperature 38.6˚C, respirations 26 per minute, heart rate 110 beats per minute, and blood pressure 110/78
mmHg. There is mild erythema and moderate swelling over the upper medial surface over right tibia with point
tenderness. Which of the following is the most important risk factor for this presentation?

A. Elevated fetal hemoglobin concentration.
B. Genotype Sb0.
C. Having a turtle as a pet.
D. Inadequate immunization.
E. Low baseline hemoglobin.
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4. A 7-year-old boy with sickle cell disease (genotype SS) presents with dysphasia and right-sided weakness.
Physical examination reveals normal vital signs. There is depression of right angle of mouth and weakness
of right upper and lower extremities. Which of the following annual screening tests would have been most
helpful in predicting the risk of this complication?

A. Comprehensive examination by neurologist.
B. Computed tomography of head.
C. Magnetic resonance imaging of head.
D. Measurement of hemoglobin S percentage.
E. Transcranial Doppler ultrasonography.

5. A 15-year-old boy with sickle cell disease (genotype SS) has had several vaso-occlusive crises. Which of the
following statements after treatment with hydroxyurea for this patient is most accurate?

A. Baseline hemoglobin level will be lower.
B. Cellular DNA repair mechanisms are impaired.
C. Increased circulating neutrophil numbers will offer protection against bacterial infection.
D. Increased expression of fetal hemoglobin will occur.
E. Transcranial Doppler velocities will increase.

Condolences

The staff of Pediatrics in Review has lost another special colleague and friend. Dr. Gregory

Liptak, a skilled and compassionate developmental pediatrician and member of our Editorial

Board, died on March 3, 2012, and will be missed by all of us.
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Educational Gap

It is estimated that diarrheal illnesses are responsible for w2 to 4 million childhood

deaths worldwide each year, representing 13.2% of all childhood deaths worldwide.

Objectives After completing this article, readers should be able to:

1. Understand the pathophysiologic mechanisms involved in chronic diarrhea.

2. Know how to evaluate a child who has chronic diarrhea, including appropriate

elements of history, physical examination, stool analysis, and blood testing.

3. Be familiar with the many disorders that cause chronic diarrhea, both with and

without failure to thrive.

4. Know the therapies for the many causes of chronic diarrhea.

Definitions
Chronic diarrhea is a common complaint in pediatric medicine and can pose a complex
situation for practitioners and families. This complaint is both a symptom and a sign.
(1) Although patients or their parents often assess the presence of diarrhea by reporting
stool consistency and frequency, one can more scientifically define diarrhea as stool vol-
ume >10 g/kg per day in infants and toddlers, and >200 g/day in older children. (2)
However, diarrhea should not be defined solely by stool weight. Some adolescents and
adults may have up to 300 g of formed stool per day without any complaints. (3) The
duration of symptoms necessary to define diarrhea as “chronic” also is not definitive.
Most authors agree that 14 days of symptoms meets criteria, although others use a cut-
off of 4 weeks. (4) An additional term, “persistent” diarrhea, acknowledges diarrhea
lasting more than 14 days but implies a more abrupt onset compared with chronic di-
arrhea. Regardless of the specific term or number of days of symptoms, it should be
understood that this definition should allow for the usual resolution of most causes
of acute diarrhea.

Epidemiology
It is estimated that diarrheal illnesses are responsible for w2 to 4 million childhood
deaths worldwide each year. (5)(6) In 2002, the World Health Organization estimated

that 13.2% of all childhood deaths worldwide were caused
by diarrheal diseases, 50% of which were chronic diarrheal
illnesses. (7) Large-scale studies indicate that the preva-
lence of chronic diarrheal illnesses worldwide ranges from
3% to 20%, and the incidence is w3.2 episodes per child-
year. (4)(8) Estimates in the United States are substan-
tially lower at 0.18 episodes per child-year in children ages
6 months to 3 years. (9) In the United States, only w25%
of cases present for medical care, and fewer than 1%
of children are hospitalized for diarrheal diseases. (10)
The rotavirus vaccine may decrease hospitalizations by
up to 66% in developing countries, because a substantial
number of these hospitalizations are for rotavirus-associated
diarrhea. (11)

Abbreviations

CCD: congenital chloride diarrhea
CF: cystic fibrosis
CNSD: chronic nonspecific diarrhea
CSD: congenital sodium diarrhea
IBD: inflammatory bowel disease
IBS: irritable bowel syndrome
IDI: intractable diarrhea of infancy
TTG IgA: tissue transglutaminase immune globulin A
ZES: Zollinger-Ellison syndrome

*Pediatric Gastroenterology and Nutrition, Massachusetts General Hospital, Boston, MA.
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Pathophysiology

The many causes of chronic diarrhea can be divided into
four principle pathophysiologic mechanisms: osmotic, se-
cretory, dysmotility associated, and inflammatory. Often,
a single disorder will involve multiple overlapping mech-
anisms. Regardless of the cause, water in the intestinal lu-
men is incompletely absorbed either because net water
absorption is decreased or because water is being held
within the lumen by an osmotic gradient. Reduction in
net water absorption by as little as 1% may be sufficient
to cause diarrhea. (12)

Osmotic diarrhea is caused by a failure to absorb a lu-
minal solute, resulting in secretion of fluids and net water
retention across an osmotic gradient. This outcome can
result from either congenital or acquired disease and is
best exemplified by the common disorder of lactose mal-
absorption. (13) Other carbohydrates may be malab-
sorbed, either because of dissacharidase deficiencies or
because the absorptive capacity of the intestine for that
sugar may be overwhelmed by excessive consumption,
eg, fructose and sorbitol. (14) Such excessive intake
may be seen in young children drinking fruit juices. Dis-
sacharidase deficiencies, such as lactase deficiency, are
rarely congenital but more often are a result of gut
mucosal injury secondary to some process later in in-
fancy, such as an enteritis. (2) Pure osmotic diarrhea
should cease when the offending dietary nutrients are
removed. (1)

Secretory diarrhea occurs when there is a net secretion
of electrolyte and fluid from the intestine without com-
pensatory absorption. Endogenous substances, often
called “secretagogues,” induce fluid and electrolyte secre-
tion into the lumen even in the absence of an osmotic
gradient. Children with a pure secretory diarrhea will
therefore continue to experience diarrhea even while
fasting. Typically, secretagogues affect ion transport in
the large and small bowel both by inhibiting sodium
and chloride absorption and by stimulating chloride se-
cretion via cystic fibrosis (CF) transmembrane regulator
activation. Examples of secretory diarrhea include multiple
congenital diarrheal disorders associated with identified
genetic mutations that affect gut epithelial ion transport.
(1) Congenital chloride diarrhea (CCD) is one such
disorder.

Chronic diarrhea associated with intestinal dysmotility
typically occurs in the setting of intact absorptive abilities.
Intestinal transit time is decreased, the time allowed for
absorption is minimized, and fluid is retained within
the lumen. High-amplitude propagated contractions play
a key role in motility disorders of the gut and have been

found to be more frequent in patients with diarrhea-
predominant irritable bowel syndrome (IBS). (15) Al-
though diarrhea-predominant IBS may be diagnosed
in older adolescents, toddlers commonly present with
chronic nonspecific diarrhea (CNSD). Changes in small
intestinal motility also have been implicated in causing
CNSD. (16)

Inflammatory diarrhea may encompass all of the path-
ophysiologic mechanisms. Inflammation with resultant
injury to the intestine may lead to malabsorption of die-
tary macronutrients which, in turn, creates a luminal os-
motic gradient. Additionally, particular infectious agents
may induce secretion of fluid into the lumen, and blood
in the gut may alter intestinal motility. Diseases such as
inflammatory bowel disease (IBD) and celiac disease ex-
emplify this inflammatory mechanism. (13)

Evaluation of Chronic Diarrhea
History and Physical Examination

A careful history of the characteristics of the diarrhea is
important in assessing the severity of the illness and in for-
mulating a differential diagnosis. Stool frequency, vol-
ume, and appearance; the presence of blood or mucus;
and the relationship to feeding or dietary intake should
be documented. Also important is the presence or absence
of abdominal pain, weight loss, rash, fatigue, vomiting,
joint aches, or oral ulcers, among other extraintestinal
symptoms. A 3-day diary of stool pattern, dietary in-
take, and associated symptoms can be helpful. One should
inquire also about recent travel, exposure to new water
sources, family history, and sick contacts.

Physical examination should include plotting of
weight, height, and head circumference on a standardized
growth chart. Signs of nutrient deficiencies should be
sought, such as perianal dermatitis in zinc deficiency and
leg deformity in vitamin D deficiency. The abdomen
may reveal distension in malabsorption syndromes or small
bowel bacterial overgrowth or may be exquisitely tender in
an inflammatory state. Examination of the rectum is im-
portant also and may reveal perianal disease in IBD, guaiac
positive stool in many disease states, or loss of surrounding
subcutaneous tissue in celiac disease and other states of
malnutrition.

Examination of Stool and Blood
Laboratory examination should begin with microbiologic
studies for bacteria and parasites in the stool. Infection
with bacteria such as Yersinia, Escherichia coli, and Sal-
monella may develop into chronic illness and can be de-
tected by routine stool culture. Additionally, some stool
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cultures may include testing for diarrhea-causing
Aeromonas and Plesiomonas. Clostridium difficile toxin
assay should be performed, especially in the setting of
recent antibiotic use. Antigen detection for Giardia and
Cryptosporidium are more sensitive and specific than rou-
tine microscopy-based “ova and parasite” examinations
and therefore may be helpful if these infections are sus-
pected. (17)

Analysis of the stool for electrolyte content and osmo-
larity may be helpful in distinguishing an osmotic from
a secretory diarrhea. If there is a difference between
the stool osmolarity and twice the sum of the concen-
trations of sodium and potassium in the stool of
>50mOsm, the diarrhea is osmotic in nature. If this
osmotic gap is <50mOsm, it is presumed that the diar-
rhea is secretory.

A 24-hour fast with intravenous hydration may be
necessary to distinguish an osmotic diarrhea, with resolu-
tion of the diarrhea upon fasting. Continuation of the di-
arrhea while not ingesting anything suggests a secretory
pathophysiology.

Inspection of the stool for the presence of leukocytes
may indicate mucosal inflammation. Analysis for reducing
substances may reveal carbohydrate malabsorption. Mea-
suring the amount of elastase in the stool gives an indi-
cation of exocrine pancreatic function, with low fecal
elastase suggesting pancreatic insufficiency.

If steatorrhea is suspected, more precise measurement
of fecal fat requires a 72-hour collection of stool. Patients
must consume adequate amounts of fat during the stool
collection (>30 g/day in infants and >50 g/day in
school-age children) and a coefficient of fat malabsorp-
tion of >5% is considered abnormal past infancy. The
normal percentage can be up to 15% during infancy.

Blood tests should include routine complete blood
cell count to evaluate for anemia and thrombocytosis,
suggesting blood loss and inflammation, respectively.
Evaluation of red blood cell characteristics may suggest
vitamin B12 or folate deficiency in malnutrition. White
blood cell count and differential and immunoglobulin
analysis screen for immune disorders. Erythrocyte sedi-
mentation rate and C-reactive protein support inflamma-
tion but are nonspecific. Elevated tissue transglutaminase
immune globulin A (TTG IgA) antibody is sensitive and
specific for celiac disease, but a low total serum IgA level
may result in a false-negative test. Measurements of albu-
min and prealbumin may be obtained to reflect low die-
tary protein intake. (13) Levels of the fat soluble vitamins
A, 25-OH vitamin D, vitamin E, and vitamin K (reflected
by prothrombin time) may be measured if fat malabsorp-
tion is suspected.

Additional Testing
The value of radiologic studies in the context of chronic
diarrhea is limited. Abdominal radiographs may show con-
stipation or dilated small bowel loops. Computed tomog-
raphy and MRI may be useful in IBD to show bowel wall
thickening suggestive of mucosal inflammation. Breath hy-
drogen analysis, or “breath testing,” can be used to ex-
amine for carbohydrate malabsorption. If not absorbed,
lactose, sucrose, or lactulose given at the onset of testing
reaches colonic bacteria, producing hydrogen that is mea-
sured in the breath. Endoscopy may be useful to reveal du-
odenal villous blunting and intraepithelial lymphocytes in
celiac disease or evidence of ileal or colonic inflammation
in infectious colitis or IBD. Small bowel biopsy during en-
doscopy also may reveal evidence of duodenitis in parasitic
infections. However, stool testing for parasites is much less
invasive and is more sensitive and specific than endoscopy.

Differential Diagnosis
It may be helpful to separate the wide differential diagno-
sis of pediatric chronic diarrhea into those illnesses that
result in poor weight gain and those in which weight typ-
ically is maintained. The Table presents the features of the
main causes of chronic diarrhea.

Chronic Diarrhea Without Failure to Thrive
Chronic Nonspecific Diarrhea of Childhood or
Infancy

CNSD is the most common form of persistent diarrhea in
the first 3 years after birth. (18) The typical time of onset
may range from 1 to 3 years of age and can last from in-
fancy until age 5 years. Patients with CNSD usually pass
stool that is different in both consistency and frequency
from that of other children. Affected children may pass 4
to 10 loose bowel movements per day without blood or
mucus. Specific to CNSD is the pattern that these pa-
tients pass stools only during waking hours, typically be-
ginning with a large formed or semiformed stool after
awakening. As the day progresses, stools become more
watery and smaller in volume. Transit time of enteral con-
tents may be especially short, and parents frequently describe
undigested food remnants in the stool. By definition, chil-
dren with CNSD maintain their weights and heights. Al-
though some affected children describe mild abdominal
discomfort, most typically appear healthy and maintain
a normal appetite and activity level. (19)(20)

Potential pathophysiologic mechanisms for CNSD in-
clude increased intestinal motility and osmotic effects of
intraluminal solutes (eg, carbohydrates). (16) The role of
ingested carbohydrates in CNSD has been emphasized in
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Table. Causes of Chronic Diarrhea

Without Failure to Thrive Major Clinical Features Major Laboratory and Imaging Findings

CNSD Daytime nonbloody, nonmucousy stools Normal laboratory and imaging results
Normal growth
Occurs in the first few years after birth

Infectious colitis Possible blood and/or mucus in stool
Possible fever and/or abdominal pain
Exposure to undercooked meat
Contaminated water
Occurs at any age

Positive stool culture, ova and parasite
examination, or stool antigen test

Lactose malabsorption Abdominal discomfort, bloating,
flatulence

Elevated breath hydrogen concentration
after lactose ingestion

Nonbloody stools
Occurs beyond infancy

Small bowel bacterial
overgrowth

Abdominal discomfort
Increased risk if ileocecal valve
removed

Occurs at any age

Elevated fasting breath hydrogen
concentration (>20 ppm)

Elevated early and late breath hydrogen
concentration

After lactulose ingestion
IBS Alternating constipation with diarrhea Normal laboratory and imaging results

Abdominal pain relieved by defecation
Absence of weight loss, bloody stool,
fever, or anemia

Typically diagnosed in adolescence
or later

With Failure to Thrive
IDI Infectious colitis ruled out Enteropathy by histology

Higher risk in malnourished or
immunodeficient patients

In need of prompt nutritional support
Allergic enteropathy Most commonly in response to cow or

soy milk
Growth failure is in sharp contrast to
well infant with allergic colitis

Stool may be guaiac positive

May have hypoalbuminemia and anemia
Electrolyte abnormalities from diarrhea/
vomiting

Serum IgE may be elevated

Celiac disease Up to 1/100 prevalence
Severe cases have abdominal distension
Myriad of presenting features

Elevated TTG IgA, antiendomysial IgA
antibodies

May be IgA deficient*
Histologic villous blunting and
intraepithelial

Lymphocytes
IBD Bloody stool more common in colitis

Enteritis may cause nonbloody stool
Stooling urgency, abdominal pain,
fatigue

Elevated erythrocyte sedimentation rate,
thrombocytosis

Iron-deficiency anemia
Hypoalbuminemia

Immunodeficiency state
(various diseases)

Recurrent infections
Young age, typically in infancy

Abnormal immunoglobulins (eg, low IgG,
low IgA, high IgM)

Lymphopenia
Low antigen titers to previous
immunizations

Congenital secretory diarrhea
(Chronic chloride and chronic
sodium diarrhea)

Maternal polyhydramnios
Severe secretory diarrhea at birth
Severe dehydration

CCD: hypochloremia and metabolic
alkalosis

CSD: hyponatremia and metabolic
acidosis

Continued
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light of a typical toddler’s affection for fruit juices. Exces-
sive intake of fruit juices, particularly those containing
sorbitol or fructose (eg, apple, pear, cherry, and prune
juices), may contribute to the stool osmotic load, thus
causing or worsening diarrhea. (21)(22)

Reassurance is the cornerstone of therapy for CNSD.
Parents should be reassured that their child is growing well
and is healthy. Although no precise treatment for CNSD
has been established, dietary intervention may be prudent.
Fruit juice intake should beminimized or changed to types
of juice with low sucrose and fructose loads. Beyond the
restriction of fruit juice, possible helpful changes may be
to liberalize fat to encourage normal caloric intake and to
slow intestinal transit time, not to restrict fiber, and to assure
adequate but not overhydration. (21)

Infectious Colitis
Although many infectious causes of diarrhea result in an
acute presentation and short course, other pathogenic
bacteria and parasites may cause chronic diarrhea. Viruses
rarely cause diarrhea lasting more than 14 days and more
typically range from 2 days (eg, Norwalk-like virus) to 11
days (enteric adenoviruses) in duration. (6) Rotavirus
may cause diarrhea lasting up to 20 days. (11)

Salmonella is one of the most common causes of
laboratory-confirmed cases of food-borne intestinal disease

reported to the Centers for Disease Control and Preven-
tion each year. (23) The infection usually is contracted
from exposure to food of animal origin related to poultry,
eggs, beef, and dairy products. Nontyphoidal Salmonella
organisms typically cause gastroenteritis with diarrhea,
abdominal cramping, and fever. Salmonella organisms typ-
ically are detected in routine stool culture for up to 5 weeks
but may be excreted in stool for >1 year in 5% of patients.
(24) Antibiotic therapy for uncomplicated nontyphoidal
serotypes is not indicated because it does not shorten
the disease duration and may prolong the duration of ex-
cretion of bacteria in the stool. (25) Antibiotics are appro-
priate, however, for treating children younger than 3
months of age or those with immunosuppressive diseases,
given the increased risk for invasive disease (bacteremia, os-
teomyelitis, abscess, meningitis) in these populations. (23)

Yersinia enterocolitica and Y pseudotuberculosis cause
chronic diarrhea less commonly than Salmonella in children
in the United States. Infection typically occurs via expo-
sure to food products, specifically pork (a major Yersinia
reservoir) and dairy products but may occur with inges-
tion of other foods contaminated by these products. Di-
arrheal stool may contain blood, mucus, and leukocytes,
reflecting mucosal inflammation. Symptoms may mirror
appendicitis or ileal Crohn disease because Yersinia may
affect the terminal ileum. Often the organism needs to

Table. (Continued)

With Failure to Thrive
Tufting enteropathy Intractable watery diarrhea Electrolyte abnormalities

Severe growth failure Small bowel villous atrophy and crypt
hyperplasia without inflammation

Microvillous inclusion
disease

Diarrhea within first week after
birth

Small bowel villous atrophy but no crypt
hyperplasia or inflammation

No history of polyhydramnios
Autoimmune enteropathy Secretory diarrhea

May coexist with other
endocrinopathies

May have positive antienterocyte,
antigoblet cell, or anticolonocyte
serum antibodies

Neuroendocrine tumors Secretory diarrhea VIPoma: elevated serum VIP
ZES: elevated fasting serum gastrin
Carcinoid: elevated urine 5-
hydroxyindoleacetic acid

Elevated prostaglandin E2
Hirschsprung disease Delayed passage of meconium Abnormal barium enema

Distended abdomen Absent ganglion cells on rectal biopsy
Explosive stool with rectal
examination

CF Malabsorption of carbohydrate/
fat/protein

Decreased fecal elastase
Elevated fasting breath hydrogen if
small bowel bacterial overgrowth present

IgE¼immune globulin E; VIP¼vasoactive intestinal polypeptide-secreting tumor.
* Leads to false-negative IgA-based antibody tests: TTG IgG may be useful in this setting.
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be sought specifically by laboratory personnel because it
may not be part of each institution’s routine stool culture.
The efficacy of antibiotics in treating uncomplicated
Yersinia infection has not been established. (26)

Other bacterial causes of chronic diarrhea include
Escherichia coli, Campylobacter, Aeromonas, and Ple-
siomonas. Enteropathogenic E coli is a leading cause
of chronic diarrhea in developing countries, sometimes as-
sociated with fever, abdominal pain, and vomiting. (27)
Enteropathogenic E coli is one type of E coli disease in
which antibiotic therapy has been shown to reduce mor-
bidity and mortality in uncomplicated diarrheal disease.
(28) Persistent bloody diarrhea with abdominal pain
should raise suspicion for enterohemorrhagic E coli, par-
ticularly because enterohemorrhagic E coli may result in
hemolytic-uremic syndrome, a potentially dangerous
complication.Campylobacter often originates from poultry
and may cause diarrhea for only 4 to 5 days, but relapses
are common. Both E coli and Campylobacter can be iso-
lated by routine stool culture.

Aeromonas, long considered a normal commensal or-
ganism, has been shown recently to cause secretory diar-
rhea with up to 20 watery stools per day. Symptoms are
persistent in approximately one-third of patients. Antibi-
otics do not seem to be helpful in uncomplicated Cam-
pylobacter and Aeromonas illnesses. Pleisomonas can be
found in fish, shellfish, cats, and dogs; also causes secre-
tory diarrhea; and has a course that may be shortened by
antibiotic therapy. (29)

The protozoa Giardia intestinalis and Cryptosporid-
ium may affect immunocompetent as well as immunode-
ficient children and adolescents. Both infections may
affect the duodenum and upper small bowel, leading to
mild villous blunting, dissacharidase deficiency, and resul-
tant osmotic and secretory diarrhea. Malabsorption of fat,
protein, and carbohydrates may occur, worsening diar-
rhea. Both infections are linked to contaminated water
and may be associated with childcare centers, exposure
to wild animals, swimming in water parks or pools,
or recent travel to developing countries. Symptomatic
giardiasis should be treated, even in immunocompetent
children, with tinidazole, metronidazole, or nitazoxanide
as possible agents. Cryptosporidium infection generally
does not need to be treated unless the patient is immu-
nocompromised. However, nitazoxanide has been ap-
proved for treating immunocompetent children with
diarrhea associated with Cryptosporidium. (30)

Disaccharide Intolerance
Lactose malabsorption is, by far, the most common type
of disaccharide intolerance. Approximately 70% of the

world’s adult population has primary acquired lactase de-
ficiency, resulting in lactose intolerance. Age of onset
varies among populations, with one-fifth of Hispanic,
Asian, and African American children becoming lactose
intolerant before age 5 years. White children typically
do not lose lactase function until after age 5 years, and
often much later, during later teenage years or beyond.
(31) Molecular studies have elucidated differences in
messenger RNA expression among races that might
explain population-based variations in lactase activity.
(32) Congenital lactase deficiency is exceedingly rare
and only a handful of cases have been published in
the literature.

Secondary lactase deficiency results from small intesti-
nal mucosal injury when lactase enzyme is lost from the
tips of the villi. Causes include rotaviral infection, para-
sitic infection, celiac disease, Crohn disease, and other
enteropathies. Many studies question the clinical signif-
icance of secondary lactase deficiency in diarrheal illnesses
except in children who are <3 months or malnourished.
(33) Symptoms of lactose intolerance are independent
of the cause. Incompletely digested lactose reaches the
dense colonic microbial population, which ferments the
sugar to hydrogen and other gases, thereby causing gassy
discomfort and flatulence. The nonabsorbed lactose serves
as an osmotic agent, resulting in an osmotic diarrhea. Di-
agnosis can be made by a successful lactose-free diet trial of
2 weeks or by hydrogen breath-testing. Treatment entails
minimizing lactose intake because the symptoms are dose-
dependent and may not require complete removal of die-
tary lactose. Artificial lactase enzyme may be taken once
the diagnosis has been made. (31)

Small Bowel Bacterial Overgrowth
The normal small intestine has relatively few bacteria re-
siding within it (typically <104 cfu/cc). Various condi-
tions such as short bowel syndrome, pseudoobstruction,
bowel strictures, and malnutrition may result in over-
growth of aerobic and anaerobic bacteria in the small
bowel. Symptoms of abdominal pain and diarrhea arise
as bile acids are deconjugated and fatty acids hydroxylated
by bacteria. These processes lead to an osmotic diarrhea.
The diagnosis can be made by an early and late rise in
breath hydrogen with lactulose testing as the undigested
lactulose reaches the small bowel and then the colon.
Treatment is with metronidazole or with nonabsorbable
rifaximin. (34)

Irritable Bowel Syndrome
IBS, characterized by recurrent abdominal pain and al-
tered bowel habits, is a common disorder that can present
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during adolescence. Without any one specific pathophys-
iologic cause identified, IBS is considered a functional
disorder defined by symptom criteria. (35)(36) The
Rome III criteria define IBS as abdominal pain or dis-
comfort at least 3 days per month in the last 3 months
associated with two or more of the following features:
improvement with defecation, onset associated with
a change in frequency of stooling, and onset associated
with change in the form of the stool. This strict definition
may be used to define the syndrome precisely but typi-
cally is more useful in research rather than in everyday
clinical medicine. The history often suggests the diag-
nosis, with abdominal pain often relieved with defeca-
tion. These patients do not have rectal bleeding,
anemia, weight loss, or fever. It should be determined
that celiac disease is not present. Treatment is often
challenging. Antispasmodic agents, tricyclic antide-
pressants, and selective serotonin-reuptake inhibitors
may improve symptoms. Some probiotics have been
useful in adult and pediatric IBS, but results are not
consistent. (37)

Chronic Diarrhea With Failure to Thrive
Intractable Diarrhea of Infancy

Persistent diarrhea after an acute episode of presumed
infectious diarrhea is known as intractable diarrhea of in-
fancy (IDI), postenteritis or postgastroenteritis diarrhea,
postenteritis enteropathy, or “slick gut.” This disorder is
unique compared with CNSD because in IDI there is
weight loss associated with malabsorption and histologic
evidence of enteropathy. (38) IDI remains an important
cause of morbidity and mortality in developing countries
where children may be at nutritional risk. Children at par-
ticular risk include those who are young, who suffer mal-
nutrition, or who have an altered immune state. (39)
Osmotic diarrhea with increased fluid requirements sec-
ondary to carbohydrate malabsorption is common. With-
out nutritional support, patients may become severely ill.

IDI should be suspected in any infant with persistent
diarrhea after an acute gastroenteritis. Other causes of
chronic diarrhea should be sought but not at the expense
of promptly supporting caloric needs. (6) Small bowel bi-
opsy may reveal patchy villous atrophy and inflammatory
infiltrates in epithelial and lamina propria layers. Caution
should be exercised in obtaining biopsies because malnu-
trition increases the risks associated with endoscopy.
Breastfeeding should continue unless lactose malabsorp-
tion is strongly suspected.

To prevent IDI, guidelines for managing acute gastro-
enteritis should be followed, which recommend avoiding

formula dilution and promoting early feeding that re-
duces intestinal permeability and illness duration and im-
proves nutritional outcomes. (40) Dietary protein and
fat are important in recovery, but simple carbohydrates
should be minimized. The BRAT diet (bananas, rice, ap-
plesauce, toast) in the management of diarrhea is unnec-
essary and nutritionally suboptimal. Refeeding syndrome
is a risk for severely malnourished patients. Intravenous
hydration may be necessary in treating IDI. Tolerance
of enteral feeds and resolution of diarrhea typically occur
within 2 to 3 weeks.

Allergic Enteropathy
Allergic enteropathy, or eosinophilic enteropathy, associ-
ated with failure to thrive, vomiting, and diarrhea, should
be distinguished from allergic colitis occurring in other-
wise healthy and thriving infants. As in allergic colitis, al-
lergic enteropathy is induced by food proteins with
the most common being cow milk and soy proteins.
In allergic enteropathy, however, there is small intestinal
mucosal damage resulting in malabsorption of protein,
carbohydrate, and fat. Protein malabsorption may lead
to hypoalbuminemia and diffuse swelling. Profuse vom-
iting and diarrhea may lead to severe dehydration, leth-
argy, and hypotension, mimicking sepsis in a young
infant. Serum IgE levels may or may not be elevated.
Protein hydrolysate or amino acid-based elemental for-
mulas are necessary if breastfeeding on a restricted diet is
not possible. Once the inciting dietary protein is re-
moved, the enteropathy will resolve.

Celiac Disease
Celiac disease is an immune-mediated enteropathy that
occurs in the setting of gluten ingestion in a genetically
susceptible individual. With its prevalence in adults
and children approaching 1% worldwide, celiac disease
has become a more commonly diagnosed disorder. (41)
However, the classic presentation of celiac disease in
children with the triad of failure to thrive, diarrhea,
and abdominal distension is being seen less frequently.
(42) Because of family screening, more sensitive and
easily accessible testing, and the recognition of the
wide variety of presenting symptoms, identification of
patients presenting with atypical symptoms is on the
rise. (43)

Diagnosis should begin with establishing the presence
of antiendomysial IgA antibodies, which have near 100%
specificity, or employing newer and less expensive tech-
niques for measuring enzyme-linked immunosorbent
assay-based anti-TTG IgA antibodies. Diagnosis is con-
firmed by particular histologic findings in the duodenum,

gastrointestinal disorders chronic diarrhea

Pediatrics in Review Vol.33 No.5 May 2012 213

 at Health Internetwork on May 2, 2012http://pedsinreview.aappublications.org/Downloaded from 

http://pedsinreview.aappublications.org/


including villous blunting and prominent intraepithelial
lymphocytosis. Current treatment is with a diet free of
wheat, rye, and barley. New potential therapies are being
sought, including the use of gliadin-digesting recombi-
nant enzymes.

Inflammatory Bowel Disease
Children and adolescents suffering from diarrhea, with or
without weight loss, must be evaluated for IBD. Approx-
imately 50% to 80% of children with Crohn disease will
present with diarrhea, among other symptoms. In Crohn
disease, stool may contain microscopic blood but may
not be grossly bloody, especially in the absence of signif-
icant left-sided colonic disease. Diarrhea is more common
in colonic disease and may be absent altogether in cases of
isolated small bowel inflammation. In ulcerative colitis,
diarrhea is a more consistent presenting feature, often in-
sidious in its development but eventually developing
hematochezia. Nocturnal diarrhea with urgency may be
a sign of left-sided colonic inflammation in either Crohn
disease or ulcerative colitis. Diarrhea associated with IBD
typically improves with therapy as mucosal inflammation
resolves.

Immunodeficiency States
Children with primary immunodeficiency states often
present with chronic diarrhea. (44) X-linked agamma-
globulinemia may result in diarrhea secondary to chronic
rotaviral infections or recurrent giardiasis. IgA deficiency
may lead to recurrent giardiasis and bacterial overgrowth,
and is associated with a 10- to 20-fold increased incidence
of celiac disease. (45) Chronic diarrhea is common also
in hyper-IgM and human immunodeficiency virus syn-
dromes and may be caused by infection withCryptosporid-
ium parvum in these diseases. Children with common
variable immunodefiency often present with diarrhea
and significant malabsorption along with severe recur-
rent life-threatening infections during the first months
after birth. Intractable diarrhea with neonatal insulin-
dependent diabetes should raise suspicion for the syn-
drome of immune dysregulation, polyendocrinopathy,
and enteropathy (autoimmune), X-linked (IPEX syn-
drome). Glycogen storage disease type 1B and chronic
granulomatous disease may present very similarly to
Crohn disease, likely related to defective intestinal mu-
cosal immunity. (46)

Congenital Secretory Diarrhea
Two very rare causes of secretory diarrhea in early infancy
are CCD and congenital sodium diarrhea (CSD). Fewer
than 15 patients with CSD and w250 with CCD have

been reported in the literature. (47) Both diseases present
before birth with polyhydramnios resulting from in utero
diarrhea. At birth, high-volume secretory diarrhea con-
tinues despite bowel rest and may cause life-threatening
dehydration and electrolyte disturbances. CCD causes se-
vere hypochloremia and a unique metabolic alkalosis,
whereas CSD causes hyponatremia with alkaline stools
resulting in metabolic acidosis. Stool electrolytes often
aid in the diagnosis, and genetic testing can identify defec-
tive chloride transport genes in some patients with CCD.
Aggressive fluid and electrolyte replacement is the main-
stay of therapy for both diseases.

Tufting Enteropathy
Tufting enteropathy, also known as intestinal epithelial
dysplasia, presents in the first few months after birth with
growth failure and intractable watery diarrhea. (48) Sig-
nificant electrolyte abnormalities may occur even before
the severity of illness is recognized by caretakers. His-
tology of the small bowel reveals a unique picture of
villous atrophy and crypt hyperplasia without signifi-
cant inflammation. Closely packed enterocytes appear
to create focal epithelial “tufts.” A recent genomic
study of children born with tufting enteropathy re-
vealed mutations in the epithelial cell adhesion mole-
cule EpCAM. (49) Affected infants typically become
dependent on parenteral nutrition to allow normal
growth and development. Small bowel transplant is po-
tentially curative, but the associated morbidity and mor-
tality are high.

Microvillous Inclusion Disease
Another rare cause of chronic secretory diarrhea in the
neonatal period is microvillous inclusion disease, present-
ing with diarrhea so watery that it may be mistaken for
urine. (48) Microvillous inclusion disease is the second
most common cause of severe, protracted diarrhea in
the first week after birth, after infectious causes are ex-
cluded. Contrary to what occurs in CCD and CSD, poly-
hydramnios typically is not seen. Histology reveals small
bowel villous atrophy but without inflammation or ex-
pected crypt hyperplasia. Villin substance can be seen
by immunostaining in affected cell cytoplasm, creating
the “microvillous inclusions.” Aggressive intravenous re-
hydration and electrolyte replacement are necessary to
maintain life during infancy, followed by lifelong paren-
teral nutrition in most cases.

Autoimmune Enteropathy
Children with autoimmune enteropathy usually develop
secretory diarrhea after the first 8 weeks after birth.
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Another autoimmune disease, such as insulin-dependent
diabetes, may be present in the setting of chronic diar-
rhea and poor growth, which should raise suspicion for
IPEX syndrome. (48) However, autoimmune enterop-
athy may exist without extraintestinal manifestations.
Diagnosis is made by documenting antienterocyte,
anticolonocyte, or antigoblet cell antibodies in the
blood, although the number of centers that perform
this test is limited and the specificity of the test is un-
clear. Treatment is difficult but may be accomplished
with immunosuppressive agents such as corticoste-
roids, 6-mercaptopurine, tacrolimus, and infliximab.
(50)

Neuroendocrine Tumors
Neuroendocrine tumors affecting the gastrointestinal
tract in children are rare. These tumors produce symp-
toms by the systemic effect of their secretory products.
The neuroendocrine tumors produce secretory diarrhea
and include vasoactive intestinal polypeptide-secreting
tumor, or VIPoma; Zollinger-Ellison syndrome (ZES);
tumors secreting prostaglandin E2; and carcinoid syn-
drome. VIP stimulates cyclic adenosine monophosphate
activity, eventually resulting in intestinal secretion, similar
to the effects of the cholera toxin. Therefore, the classic
presentation of VIPoma is with profuse watery diarrhea
(usually >20 cc/kg per day), hypokalemia, and achlor-
hydria (WDHA syndrome). ZES causes diarrhea because
of high intestinal gastrin levels. Carcinoid tumors
may secrete serotonin, bradykinin, and histamine, also
leading to gastric acid hypersecretion and diarrhea.
Once secretory diarrhea is established, the evaluation
may include measuring the concentrations of serum
VIP, fasting gastrin, and prostaglandin E2 levels,
along with 24-hour urine 5-hydroxyindoleacetic acid
for carcinoid tumor. Most VIPomas in children are
ganglioneuromas or ganglioneuroblastomas, which
can be identified radiographically. Operative resection
is imperative but not always curative if the tumor has
metastasized. (51)

Hirschsprung Disease
Diarrhea is present in approximately one-third of neo-
nates born with Hirschsprung disease. (52) The diarrhea
usually is a consequence of enterocolitis that occurs in the
setting of bacterial stasis in the lumen. (53) Children may
present with fever, diarrhea, and abdominal distension.
Some children may appear acutely ill with explosive diar-
rhea, vomiting, rectal bleeding, and lethargy, whereas
others may present with only loose stools and perianal

excoriation. Hirschsprung disease should be suspected
in any infant who does not pass meconium within the first
24 hours, which is the case in 94% of affected infants but
in only 10% of healthy infants. Older infants may have
poor growth, a distended abdomen, and explosive pas-
sage of stool with rectal examination. Older children
with Hirschsprung disease usually do not have the fe-
cal soiling and stool withholding behaviors that are
common in functional constipation. Enterocolitis rep-
resents the most significant source of morbidity and
mortality in Hirschsprung disease and deserves im-
mediate treatment with intravenous antibiotics and
supportive care.

Cystic Fibrosis
Diarrhea occurs in CF most commonly as a result of pan-
creatic insufficiency. Approximately 90% of patients with
CF have pancreatic insufficiency. (54) Loss of exocrine
pancreatic function leads to malabsorption of carbohy-
drates, fat, and protein because of dysfunctional amylases,
lipases, and proteases, respectively. Such malabsorption
leads to poor growth in addition to chronic diarrhea and
possible steatorrhea. Patients with CF also have an in-
creased incidence of small bowel bacterial overgrowth,
possibly secondary to altered motility and thickened se-
cretions, among other complex factors. (55) Fecal elas-
tase can be used as a predictor of pancreatic exocrine
function, with low levels indicating possible pancreatic
insufficiency. Pancreatic enzyme replacement therapy
may improve malabsorptive diarrhea in patients with
CF.

Factitious Diarrhea
When inconsistencies arise among a patient’s history,
physical signs, and laboratory findings, the practitioner
should consider the possibility of a factitious disorder.
Many cases of factitious diarrhea induced by either the
patient or patients’ parents have been reported in the lit-
erature. (56)(57) Although laxative ingestion is the most
common cause of factitious diarrhea, the ingestion of os-
motic agents or even feces may induce diarrhea. Patients
also may dilute stool to create the appearance of diarrhea.
Munchausen by proxy syndrome (factitious disorder by
proxy per Diagnostic and Statistical Manual criteria), in
which the caregiver creates the child’s illness, often in-
cludes factitious diarrhea induced with stimulant laxatives
or even by syrup of ipecac poisoning. Such cases usually
require hospital admission with careful observation after
a full evaluation for organic causes of chronic diarrhea has
been completed.
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Summary
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children is broad. Pediatric clinicians can narrow these
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• Particular attention should be paid to growth
measurements to distinguish between chronic
diarrhea with and without associated growth failure.
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mechanisms of diarrhea also may aid in making
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• Although specific therapies vary for each disease, the
importance of maintaining nutrition demands
particular emphasis. Whatever the cause of the
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support the child while pursuing diagnostic and
therapeutic interventions.
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1. A 2-year-old girl has had daily diarrhea for the past 3 months. She has a soft but formed stool in the morning
and then has seven to eight episodes of increasingly soft-to-watery stools. Her parents at times see undigested
food in her stools. She does not have loose stools at night. She eats a regular diet, drinks milk, water, and juice.
She is growing well. She has not had blood or mucus in her stools and does not complain of abdominal pain. Her
parents ask what is the next step in the evaluation and management of her diarrhea. Your best response is to
recommend which of the following?

A. Bowel rest with restricted caloric intake for 2 weeks.
B. Eliminating juice intake.
C. Hydrogen breath testing.
D. Initiating treatment with artificial lactase enzymes.
E. Obtaining stool cultures.

2. A 14-year-old girl has abdominal pain approximately weekly. During these episodes, she has multiple bowel
movements that are looser than her usual stools. She relates that she feels better after she has a bowel
movement. She has had no fever, rectal bleeding, or mucus in her stool. She has not lost weight. Her physical
examination is normal. The best next step in the evaluation of her abdominal pain is

A. Endoscopy.
B. Upper gastrointestinal series with small bowel follow-through.
C. Stool electrolyte content and osmolarity.
D. Tissue transglutaminase immune globulin A test.
E. 72-hour stool collection for measurement of fecal fat.

3. An 8-month-old girl is seen for daily loose stools for 4 weeks. Her older siblings also had diarrhea but
recuperated after 10 days of illness. The infant has lost weight and is hospitalized for further evaluation.
The diet you are most likely to recommend for this infant is

A. Bowel rest with parenteral nutrition.
B. BRAT diet (bananas, rice, applesauce, toast).
C. Breastfeeding or regular formula.
D. Oral rehydration fluids only.
E. Restricted protein and fat intake.

4. A 5-month-old boy has been hospitalized for pneumonia. He has had diarrhea for 3 months, with frequent
watery stools daily. He is losing weight. On physical examination, he is afebrile, thin, and listless. The
evaluation you are most likely to initiate includes

A. Enteral transit time study.
B. Hydrogen breath testing.
C. Immunoglobulin levels.
D. Lactulose testing.
E. 3-day dietary history.

5. A 3-month-old infant boy has emesis and diarrhea and is losing weight. His formula was changed to a soy-
based product and after rehydration he is admitted to the hospital for further evaluation. The diet you are most
likely to request for this infant is

A. Bowel rest with parenteral nutrition.
B. Cow’s milk-based formula with artificial lactase enzyme.
C. Diluted soy formula.
D. Oral rehydration solution.
E. Protein hydrolysate or amino acid-based elemental formula.
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Educational Gap

In 2010, revised guidelines were published with updated algorithms for group B Strep-

tococcus screening, intrapartum prophylaxis, antibiotic doses, and revised management

for newborns.

Objectives After completing this article, readers should be able to:

1. Know the mode of transmission of group B Streptococcus (GBS) and the peripartum

risk factors associated with a high risk of infection.

2. Know the major clinical manifestations of GBS and be able to differentiate the

epidemiology and clinical presentation of early onset GBS disease from that of late-

onset disease.

3. Know the laboratory testing for GBS: isolation, antigen detection, and susceptibility

tests.

4. Know the treatment of GBS infections: drugs of choice, alternative drugs, and

ineffective drugs.

5. Review the most recent guidelines for the prevention of perinatal GBS disease.

a. Understand the importance of maternal screening tests for GBS.

b. Know the criteria for the treatment of mothers known to be GBS carriers at the

time of delivery.

c. Differentiate the prevention of early onset disease from that of late onset.

Introduction
Group B Streptococcus (GBS), or Streptococcus agalactiae, is an encapsulated gram-positive
diplococcus that produces a narrow zone of b-hemolysis on blood agar and generally is
resistant to bacitracin. GBS can be further differentiated by type-specific capsular poly-
saccharides (CPS) and protein antigens. Current circulating serotypes include Ia, Ib, Ia/
c, II, III, IV, V, VI, VII, VIII, and IX. GBS initially was believed to be a bovine mastitis
pathogen, but cases of puerperal sepsis in humans were described in the 1930s. The or-
ganism then became more prominent in the 1970s as a cause of maternal and neonatal
disease.

The most common maternal manifestations are asymp-
tomatic bacteriuria, urinary tract infection (UTI), bacter-
emia, chorioamnionitis, and endometritis. In infants, GBS
classically presents as early onset disease (EOD; before 7
days after birth), late onset disease (LOD; up to 89 days
after birth, but generally within first month after birth),
and late-late onset disease (usually in the context of pre-
term birth, up to 6 months of age).

Transmission
Over the past decades, GBS has been a dominant human
pathogen, especially in neonates. There is no evidence for

Abbreviations

CDC: Centers for Disease Control and Prevention
CPS: capsular polysaccharides
CSF: cerebrospinal fluid
EOD: early onset disease
GBS: group B Streptococcus
IAP: intrapartum antibiotic prophylaxis
NAAT: nucleic acid amplification test
UTI: urinary tract infection
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zoonotic transmission. Both adults and children can be
colonized with GBS. The primary reservoir in adults is
the lower gastrointestinal tract, followed by the genito-
urinary tract. In children, the gastrointestinal tract also
is a frequent site of colonization. The throats of children
are more frequently colonized than those of adults. Gen-
ital colonization is uncommon before puberty. Carriage
can be intermittent or chronic. Factors associated with in-
creased adult colonization include age<20 years, women
having had less than three pregnancies, increased sexual
experience, and nonwhite race. (1)(2)(3) Carriage is not
influenced by the use of oral contraceptives, marital status,
vaginal discharge, or presence of other sexually transmitted
infections.

The presence of GBS in the maternal genital tract at
birth is the significant determinant of colonization and
infection in the infant. Vertical transmission occurs when
the neonate passes through a colonized birth canal or
when bacteria ascend into the uterus. Ascending bacteria
can enter the amniotic sac through ruptured membranes
or by translocating through intact membranes. Rates of
transmission range from 29% to 85%, with a mean of
50% in infants born to women who have positive
GBS cultures. The risk of transmission is linked directly
to the amount of GBS present but not to maternal age,
race, parity, or method of delivery. (4)(5) Maternal bacte-
riuria and UTI are predictive of high density colonization.
Horizontal transmission from hospital or community
sources can occur but is much less common and is likely
fecal-oral.

Clinical Manifestations
EOD typically occurs within the first 24 hours after birth
but can occur up to 1 week of age. Infants can present
with a range of illness, from asymptomatic bacteremia
to septic shock. Bacteremia without a defined focus ac-
counts for 80% to 85% of cases, pneumonia for 10% to
15%, and meningitis for 5% to 10%. Respiratory symp-
toms, such as tachypnea, grunting, flaring, apnea, and cy-
anosis, are the initial clinical findings in more than 80% of
neonates, regardless of the site of infection. Hypotension
is present in 25%. Other clinical findings are nonspecific
and include lethargy, poor feeding, temperature inst-
ability, abdominal distention, pallor, tachycardia, and
jaundice.

Virtually all infants who have pneumonia will have re-
spiratory symptoms. Infiltrates can be seen on chest ra-
diograph in up to one-third of infants, although this
finding can be difficult to distinguish from surfactant de-
ficiency associated with respiratory distress syndrome. It

is difficult to determine clinically which neonates have
central nervous system disease, because the clinical pre-
sentation can be the same as that of bacteremia or pneu-
monia. Only examination of the cerebrospinal fluid (CSF)
can exclude the diagnosis. Seizures can occur in 50% of in-
fants within the first 24 hours. The case fatality rate has
improved dramatically over the decades but still remains
at 3% to 10%.

Risk factors for EOD include maternal colonization
at birth, preterm birth <37 weeks’ gestation, rupture
of membranes >18 hours before delivery, lack of mater-
nal antibodies to type specific CPS, chorioamnionitis,
multiple gestation, nonwhite maternal race, intrapartum
fever >38°C, intrauterine monitoring, postpartum mater-
nal bacteremia, and having had previous infant with invasive
GBS disease. (6)(7) As mentioned, the higher the maternal
inoculum, the greater the risk to the infant. Maternal bac-
teriuria and UTI are related to high density colonization.
Preterm birth increases the incidence for invasive disease
compared with term infants.

LOD occurs between 7 and 89 days but presents most
commonly within the first 4 to 6 weeks after birth. Unlike
EOD, there is usually a lack of maternal obstetric and
nursery complications. Bacteremia without a defined fo-
cus remains the most common manifestation, represent-
ing w65% of cases. Meningitis is more common in LOD
than EOD, representing 25% to 30% of cases. Other
manifestations include pneumonia, cellulitis, and osteo-
articular infections. Infants with bacteremia present with
nonspecific signs and symptoms, including fever, poor
feeding, and irritability. These infants generally are mildly
ill upon presentation but can progress rapidly to shock if
not treated promptly. Those who have meningitis present
with fever, irritability or lethargy, poor feeding, and ta-
chypnea. A preceding upper respiratory infection occurs
in 20% to 30% of infants with LOD. The presence of seiz-
ures, poor perfusion, neutropenia, large numbers of organ-
isms on CSF gram stain, hypotension, coma, and elevated
CSF protein >300 mg/dL can be predictive of a poor
outcome. (8)

Infants who have septic arthritis tend to present sooner
and with a shorter duration of symptoms than those with
osteomyelitis. Decreased motion of the involved extremity
and pain with manipulation are the most common pre-
senting signs, with the occasional presence of erythema
and warmth of the infected area. Generally, these infants
are not systemically ill. GBS joint disease tends to occur
more commonly in the lower extremities, especially the
hip, knee, and ankle. This pattern is in contrast to GBS
osteomyelitis, in which the humerus is the most com-
mon site, followed by the femur and tibia. It is important
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to evaluate the joints above and below the site of osteo-
myelitis because 75% of infants can have septic arthritis of
the contiguous joints. The prognosis for osteo-articular
disease generally is good, with no residual joint move-
ment restriction or growth impairment of the affected
limb.

Cellulitis and adenitis are less common presentations
of LOD. There is a male predominance, unlike the other
manifestations, which have no predisposition to either
gender. Peak incidence generally is at a mean of 5 weeks
of age. The typical presentation involves unilateral facial,
preauricular, or submandibular swelling, usually with er-
ythema, along with poor feeding, fever, and irritability.
These children usually are bacteremic as well.

Late-late onset infection occurs in infants >89 days of
age. Most of these infections occur in infants born at<35
weeks’ gestation who have had prolonged neonatal hospi-
talizations. The most common presentation is bacteremia
without a focus. Occurrence in a term infant without any
risk factors should prompt an immunologic evaluation, in-
cluding HIV testing.

Laboratory Testing
The definitive diagnosis of invasive GBS infection is the
isolation of the organism from a normally sterile body site,
such as blood or CSF. Culture of skin andmucosal surfaces
may not indicate disease. Cultures traditionally are placed
on blood agarmedia and reveal a narrow zone ofb-hemolysis.
When obtaining vaginal and rectal cultures, there is in-
creased yield when using broth rather than solid media.
Selective media include Todd-Hewitt broth with genta-
micin or colistin and nalidixic acid (Lim broth), with or
without sheep red blood cells. GBS can then be identified
by using latex agglutination techniques.

Antigen detection is not a substitute for bacterial culture
and can be used only for blood and CSF. A positive antigen
indicates only that GBS surface antigens are detectable, not
that viable organisms are present. Antigen testing may be
useful in the cases in which there has been antibiotic pre-
treatment but should not be the sole method of diag-
nosis. Nucleic acid amplification tests (NAATs) such as
polymerase chain reaction are being investigated for
rapid diagnosis of antepartum colonization, but these
procedures are not widely available clinically.

Other laboratory tests, such as C-reactive protein level
and white blood cell count, are not specific for the diag-
nosis of GBS but may be helpful for determination of
the extent of disease and clinical response to treatment.
Clindamycin treatment failures can occur when used in
infections caused byD-zone positive organisms. In general,

GBS is susceptible to ampicillin, penicillin, meropenem
imipenem, vancomycin, cephalosporins, and levofloxacin.
Ceftriaxone is the most active cephalosporin in vitro.
Resistance is expected to bacitracin, nalidixic acid,
trimethroprim-sulfamethoxazole, metronidazole, and
aminoglycosides.

Susceptibility testing of GBS isolates is imperative if an
alternative treatment to penicillin is to be used and may
require specific instruction to the clinical microbiology
laboratory. There is no known resistance to penicillin,
but resistance to erythromycin and clindamycin is in-
creasing and can be present in up to 40% of colonizing
strains. It is important to perform D-zone testing to rec-
ognize those isolates that are erythromycin-resistant that
have inducible clindamycin resistance, because they will
initially test clindamycin susceptible. Inducible clindamy-
cin resistance patterns also are seen in strains of Staphylo-
coccus aureus.

Treatment
Initial treatment for EOD usually is ampicillin plus gen-
tamicin, until the identity of the pathogen is determined.
If meningitis is not suspected, the ampicillin dose should
be 150 to 200 mg/kg per day and the gentamicin dose is
7.5 mg/kg per day. The ampicillin dose for treating men-
ingitis is higher to obtain appropriate drug levels in the
CSF: ampicillin 300 to 400 mg/kg per day plus gentami-
cin 7.5 mg/kg per day. Although GBS is resistant to ami-
noglycosides, synergistic killing of GBS often is achieved
when aminoglycosides are used in combination with ei-
ther ampicillin or penicillin. The same initial drug choices
are appropriate for treating LOD unless there is concern
for Streptococcus pneumoniae disease, in which case em-
piric therapy should be vancomycin and cefotaxime.
Once a definitive bacterial diagnosis of GBS is confirmed,
antibiotic therapy can be tailored, generally after 24 to 48
hours.

The drug of choice for treatment of proven GBS in-
fections is penicillin. The recommended dosage for treat-
ment of bacteremia without meningitis is 200,000 units/
kg per day and increases to 300,000 to 500,000 units/kg
per day for meningitis. Length of treatment depends on
the site of infection. Bacteremia without a focus requires
10 days of therapy. Meningitis requires a minimum of 14
days. In cases of meningitis in which response to therapy
is unclear after 48 to 72 hours, a repeat lumbar puncture
is indicated to document sterility of the CSF. Diagnostic
neuro-imaging should be considered in this instance to
evaluate for the presence of subdural effusions and other
suppurative complications, which would prolong treatment.
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Septic arthritis requires 2 to 3 weeks of therapy and
osteomyelitis, 3 to 4 weeks. Drainage of any suppura-
tive focus is an important adjunct to antibiotic
therapy.

If the patient is penicillin allergic, cefazolin or cefotax-
ime can be used. Clindamycin should not be used unless
D-zone testing has been performed. Neither cefazolin
nor clindamycin would be appropriate if meningitis is
present. Aminoglycosides alone are not appropriate.

Supportive care of the infant also is important for a suc-
cessful outcome. Respiratory and pressor support may
be needed in addition to antibiotic therapy. Adjunctive
therapies such as granulocyte transfusions, granulocyte
colony-stimulating factor, and intravenous immunoglob-
ulin have been used in the research setting but with vari-
able results and concern for adverse effects. Commercially
available intravenous immunoglobulin contains low levels
of CPS antibodies, which give additional protection to in-
fected infants.

Recurrent infection does occur, although it is not
common. Appropriate antibiotic therapy does not always
eliminate mucosal colonization; the infant can be re-
exposed in the community and invasive infection does
not result in protective levels of CPS antibodies. Recur-
rent GBS infection occurring in healthy infants merits an
immune evaluation, including HIV. Treatment for re-
current infection is dependent on the type of infection.
In infants who experience recurrent disease, an attempt
to eradicate colonization with the use of rifampin for 5
days can be considered after the appropriate treatment
course of intravenous antibiotics.

Prevention Guidelines
Although the rate of maternal GBS colonization has not
changed over the past several decades, the rate of EOD
has decreased significantly due to the use of intrapartum
antibiotic prophylaxis (IAP) after the implementation of
antenatal screening and prophylaxis of colonized moth-
ers. In 1996, the Centers for Disease Control and Pre-
vention (CDC) published the first guidelines for the
prevention of perinatal GBS disease by using two differ-
ent approaches: risk factor screening or universal culture
screening. These guidelines were updated in 2002 to rec-
ommend universal culture-based screening of all preg-
nant women between 35 and 37 weeks’ gestation to
identify those who would benefit from IAP. In 2010, re-
vised guidelines were published with updated algorithms
for GBS screening, intrapartum prophylaxis, antibiotic
doses, and revised management for newborns. (9) The
American Academy of Pediatrics published a policy state-
ment in 2011 containing recommendations as well. (10)

The use of the guidelines has decreased substantially
the incidence of early onset sepsis, from 1.7 cases per
1000 live births in the early 1990s to 0.28 cases per
1000 live births in 2008. Antenatal screening and IAP
have not changed the incidence of LOD.

Universal screening of all pregnant women is now
standard practice. Cultures should be obtained at 35 to
37 weeks of gestation from both the lower vagina and
rectum and placed in appropriate media for growth.
The 2010 guidelines now allow use of NAATs as an op-
tion for GBS status identification.

Maternal IAP is indicated in any of the following sit-
uations: a history of a previous infant with invasive GBS
disease (regardless of current cultures); GBS bacteriuria
during the third trimester; or positive GBS cultures dur-
ing this pregnancy. In addition, if the GBS status is un-
known at the onset of labor, prophylaxis is indicated
if delivery is <37 weeks, rupture of membranes is >18
hours, intrapartum temperature is>38°C, or an intrapar-
tum NAAT is positive for GBS. Women do not need to
be treated if they have a history of GBS colonization or
bacteriuria during a previous pregnancy but have nega-
tive cultures for the current one. If a cesarean delivery
is performed before the onset of labor in a woman with
intact membranes, she does not require prophylaxis, re-
gardless of gestational status or culture results.

If preterm labor is present, cultures from the mother
should be obtained and prophylaxis begun. If true labor
occurs, antibiotics should be continued; if not, GBS pro-
phylaxis should be stopped. If the cultures are positive,
she should be treated when true labor occurs. If preterm
premature rupture of membranes occurs, cultures should
be obtained and the patient treated either until the deliv-
ery occurs if true labor is present; or per standard practice
if antibiotics are being given to prolong latency (avoiding
the preterm birth); or for 48 hours while awaiting GBS
culture results. Repeat screening should occur at 35 to

Table. Maternal Intrapartum
Antibiotic Dosing

Intrapartum
Antibiotic Dose (Intravenous Only)

Penicillin G 5 million units initially then 2.5–3
million units every 4 h

Ampicillin 2 g initially then 1 g every 4 h
Cefazolin 2 g initially then 1 g every 4 h
Clindamycin 900 mg every 8 h
Vancomycin 1 g every 12 h
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37 weeks’ gestation or at the time of
readmission for subsequent preterm
labor in women whose initial GBS
screens during preterm labor are
negative.

The drug of choice for intrapar-
tum prophylaxis remains intrave-
nous penicillin, with ampicillin as
an acceptable alternative. Both
agents are given every 4 hours until
delivery, with at least one dose ad-
ministered 4 hours before birth. If
the patient is penicillin allergic, she
should be given cefazolin every 8
hours if there is no history of ana-
phylaxis, angioedema, respiratory
distress, or urticaria to penicillins or
cephalosporins. For patients having
a high risk for anaphylaxis to the
first-line agents, antenatal GBS cul-
tures should include appropriate sus-
ceptibility testing, including D-zone
testing to determine clindamycin
susceptibility. If the isolate is sus-
ceptible, clindamycin is the appro-
priate choice, given every 8 hours.
Erythromycin is no longer an ac-
ceptable alternative given the high
rates of resistance. If the isolate is
resistant to clindamycin, or appropri-
ate susceptibility testing was not done
or available, vancomycin is the next
best option given every 12 hours.
The Table gives the intrapartum anti-
biotic dosing.

Evaluation of the Neonate
The next step in prevention of early
onset sepsis is the assessment of the
infant. After delivery, the newborn
must be evaluated thoroughly to
determine his or her risk for early
onset sepsis. The 2010 guidelines
provide an easy to follow clinical al-
gorithm to aid the clinician in the
most appropriate management (Fig).
The decision is simple if the new-
born is ill appearing. Any infant
showing signs suggestive of sepsis
should be evaluated with a complete

Figure. CDC algorithm for secondary prevention of early-onset GBS disease among newborns.
(9) * Full diagnostic evaluation includes a blood culture, a complete blood count (CBC)
including white blood cell differential and platelet counts, chest radiograph (if respiratory
abnormalities are present), and lumbar puncture (if patient is stable enough to tolerate
procedure and sepsis is suspected). † Antibiotic therapy should be directed toward the most
common causes of neonatal sepsis, including intravenous ampicillin for GBS and coverage for
other organisms (including Escherichia coli and other gram-negative pathogens) and should
take into account local antibiotic resistance patterns. ‡ Consultation with obstetric providers is
important to determine the level of clinical suspicion for chorioamnionitis. Chorioamnionitis is
diagnosed clinically and some of the signs are nonspecific. x Limited evaluation includes blood
culture (at birth) and CBC with differential and platelets (at birth and/or at 6 to 12 hours after
birth). { If signs of sepsis develop, a full diagnostic evaluation should be conducted and
antibiotic therapy initiated. ** If ‡37 weeks’ gestation, observation may occur at home after
24 hours if other discharge criteria have been met, access to medical care is readily available,
and a person who is able to comply fully with instructions for home observation will be
present. If any of these conditions is not met, the infant should be observed in the hospital for
at least 48 hours and until discharge criteria are achieved. †† Some experts recommend a CBC
with differential and platelets at age 6 to 12 hours.
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blood count, blood culture, urine culture, CSF studies and
cultures, and chest radiograph if respiratory symptoms are
present. Antibiotic therapy should be directed toward the
most common causes of neonatal sepsis.

The evaluation is more difficult for those infants who
are clinically well but are born to mothers with potential
risk factors. If maternal chorioamnionitis is present, a lim-
ited evaluation of the newborn that includes a complete
blood count and blood culture should be obtained and
antibiotic therapy given pending culture results. Cho-
rioamnionitis is a clinical diagnosis, and consultation with
the obstetric service is important to determine the degree
of clinical suspicion that the condition is present.

If both the mother and the infant are well, the clinician
should determine if maternal IAP was indicated. If IAP
was indicated, the type of antibiotic used and the timing
of administration should be evaluated. If no GBS prophy-
laxis was needed, the infant should be managed with rou-
tine newborn care. If IAP had been indicated, therapy
with penicillin, ampicillin, or cefazolin should have been
initiated >4 hours before delivery, with at least one dose
administered 4 hours before birth.

If IAP had not been given at the appropriate times, the
infant should be observed for at least 48 hours for signs of
sepsis if born after 37 weeks’ gestation and if rupture of
membranes was <18 hours before delivery. If these cri-
teria are not present, the infant should undergo a limited
evaluation (complete blood count/blood culture) and be
observed for at least 48 hours.

If the mother was treated adequately before delivery,
the infant may be observed at home after 24 hours as long

as the family can readily access medical care and can com-
ply with medical instructions.

If there are any concerns, the child should remain in
the hospital for a full 48 hours. In a change from previous
guidelines, infants who are well appearing but born be-
tween 35 and 36 weeks’ gestation whose mothers did re-
ceive adequate prophylaxis do not need routine diagnostic
evaluations.

To view the references and the suggested reading list for
this article, visit http://pedsinreview.aappublications.org
and click on “Group B Streptococcal Infections.”

Summary

• GBS remains an important neonatal pathogen despite
a dramatic decline in the incidence of invasive disease.

• Strong evidence exists demonstrating the importance
of obtaining maternal cultures to determine who
requires intrapartum prophylaxis in an attempt to
prevent early onset sepsis.

• Unfortunately, this approach has not changed the
incidence of LOD, so it is important to keep GBS as
part of the differential diagnosis when evaluating
infants who show late signs consistent with
infection.

• Prevention measures as outlined in the 2010 CDC
guidelines (9) and the 2011 American Academy of
Pediatrics Policy Statement (10) should be followed in
clinical practice.

PIR Quiz
This quiz is available online at http://www.pedsinreview.aappublications.org. NOTE: Since January 2012, learners can
take Pediatrics in Review quizzes and claim credit online only. No paper answer form will be printed in the journal.

New Minimum Performance Level Requirements
Per the 2010 revision of the American Medical Association (AMA) Physician’s Recognition Award (PRA) and credit system,
a minimum performance level must be established on enduring material and journal-based CME activities that are certified for AMA
PRA Category 1 CreditTM. In order to successfully complete 2012 Pediatrics in Review articles for AMA PRA Category 1 CreditTM,
learners must demonstrate a minimum performance level of 60% or higher on this assessment, which measures achievement of the
educational purpose and/or objectives of this activity.

Starting with 2012 Pediatrics in Review, AMA PRA Category 1 CreditTM can be claimed only if 60% or more of the questions are answered correctly.
If you score less than 60% on the assessment, you will be given additional opportunities to answer questions until an overall 60% or greater score is
achieved.
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1. You are discussing the importance of hand washing, gowning, and other efforts to minimize the spread of
infection to a group of medical students. In listing appropriate precautions for various organisms, you
remind them that the most common mode of horizontal transmission of GBS is by

A. Air-borne inhalation.
B. Blood-borne infection.
C. Fomites.
D. Sexual contact.
E. The fecal-oral route.

2. Routine screening for GBS infection in pregnant women has been recommended by many agencies and
organizations including the American Academy of Pediatrics. Isolation of the organism is essential for
definitive diagnosis. To confirm a diagnosis of invasive GBS, you would culture the

A. Blood.
B. Oral mucosa.
C. Rectum.
D. Skin.
E. Vagina.

3. In selecting a drug to treat a pregnant woman with confirmed GBS infection, you recall that, in general, the
organism is resistant to

A. Ampicillin.
B. Bacitracin.
C. Ceftriaxone.
D. Penicillin.
E. Vancomycin.

4. The 27-year-old mother of a 4-year-old patient of yours is 12 weeks pregnant with her second child. She tells
you that her sister lost a full-term infant to an undiagnosed GBS infection last year. She is understandably
anxious about her own current pregnancy and wonders what steps she should take. While recommending that
she talk with her obstetrician about her concerns as soon as possible, you also inform her that, according to
CDC guidelines, the optimal time for her to have a screening test for GBS is

A. 29 to 31 weeks.
B. 31 to 33 weeks.
C. 33 to 35 weeks.
D. 35 to 37 weeks.
E. 37 to 39 weeks.

5. In women whose GBS status is unknown and who have risk factors, intravenous penicillin is the drug of choice
for intrapartum prophylaxis for GBS infection. Among the following, the drug of choice for treating a penicillin
allergic mother in this situation is

A. Cefazolin.
B. Erythromycin.
C. Gentamicin.
D. Metronidazole.
E. Trimethoprim/sulfa.
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The following References and Sug-
gested Reading list are included online
only for the article “Group B Strepto-
coccal Infections.”
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Electroencephalography: A Primer
Kamakshya P. Patra, MD,* Donald W. Lewis, MD†

Introduction
Electroencephalography is the record-
ing of electrical activity along the scalp
produced by the firing of neurons
within the brain. The first recordings
were made by Hans Berger in 1929.

Physiology
EEG activity is due to charge move-
ment across neuronal membranes.
This activity reflects the summation
of excitatory and inhibitory postsyn-
aptic potentials in apical dendrites of
pyramidal neurons of the cortex.

Uses
EEG tracings can serve many
functions:

1. To differentiate epileptic seizures
from pseudoseizures, syncope, be-
havioral disorders, movement dis-
orders, and migraine variants;

2. To distinguish organic or meta-
bolic encephalopathy from primary
psychiatric syndromes;

3. To define seizure semiology, prog-
nostication, and characterization
for treatment;

4. To localize the epileptic focus for
possible respective surgery;

5. To monitor status epilepticus (es-
pecially nonconvulsive) in ICUs;

6. To determine whether to wean
antiepileptic drugs;

7. To make the diagnosis of brain
death; and

8. To investigate parasomnias (sleep
disorders).

Twenty-one electrodes are usually
placed on specific positions on the
scalp to measure voltage fluctuations
over time. The manner in which pairs
of electrodes are connected to each
amplifier of the EEGmachine is called
a montage. Primary generalized epi-
lepsy is suggested by spike-and-wave
discharges that are spread widely over
both hemispheres of the brain. Spikes
and sharp waves in a local area of the
brain, such as the left temporal lobe,
indicate that partial seizures are begin-
ning in that area.

Case Vignette 1
A 6-year-old girl is brought to you by
her mother, because her teacher has
observedmultiple daily staring episodes
in which the child is unresponsive to
verbal and tactile cues. These episodes
lastw10 to 15 seconds and occurw10
to 20 times a day. Immediately after
the episode, she resumes normal activ-
ity with no recollection of the event.
The teacher has also noted facial
twitching and fluttering of the eyelids
with some of these episodes. There
has been a recent decline in school
performance, and the diagnosis of at-
tention deficit hyperactivity disorder is
suggested. Results of physical exami-
nation are normal. EEG demonstrates
3 per second generalized spike-and-
wave activity (Fig 1). This activity is
provoked by hyperventilation.

The diagnosis in this case is ab-
sence seizures.

Absence seizures have an age of
onset of w5 to 6 years and are char-
acterized by brief lapses in conscious-
ness that occur multiple times per
day. No aura or postictal state occurs
with these seizures, and the spells can
be provoked by hyperventilation or
photic stimulation. EEG is diagnostic
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and is characterized by frequent 3 per
second generalized spike-and-wave
activity. The condition is treated with
ethosuximide, valproate, or lamotri-
gine and typically is outgrown by
the early teenage years.

Absence seizures may be mistaken
for complex partial seizures. In the lat-
ter, spells usually last longer than 30 sec-
onds, have a more gradual onset and
termination, occur only once or twice
daily, and commonly are associated
with an aura or automatism or postic-
tal confusion. EEG demonstrates focal
epileptiform discharges, commonly in
the temporal lobe. EEG changes are
not precipitated by hyperventilation.

Case Vignette 2
A 15-year-old girl presents to the clinic
with concerns of morning twitches.

These jerky spells occur within a few
minutes of awakening. She becomes
very tremulous, her arm jolts, and then
she drops her toothbrush and comb.
She remains conscious during these ep-
isodes. On the day of presentation, she
has had a generalized tonic-clonic sei-
zure. There is history of idiopathic pri-
marily generalized epilepsy in her
mother. The adolescent onset ofmorn-
ing myoclonus coupled with general-
ized convulsive seizures and an EEG
study that demonstrates 4 to 5 cycles
per second generalized polyspike and
wave pattern (Fig 2) is consistent with
juvenile myoclonic epilepsy (JME). Pa-
tients with JME also may have absence
seizures in addition to their morning
myoclonic seizures and generalized
convulsions, some of which may be
precipitated by photic stimulation.

JME is an inherited generalized
epilepsy that is typically lifelong, as
opposed to absence seizures, which
are “outgrown” during adolescence.
Several different genetic linkages have
been discovered, many on chromo-
some 6. Patients with JME need to
be particularly careful about avoiding
sleep deprivation and alcohol. In gen-
eral, treatment of JME is a broad spec-
trum antiepileptic drug (AED), such as
valproate, levetiracetam, topiramate, or
lamotrigine. Myoclonic seizures are
precipitated with photic stimulation.

Case Vignette 3
A 6-month-old African American
boy presents with a history of clusters
of head nods and sudden forward
flexion of the upper torso, along with
flaring of arms outward, then inward.

Figure 1. Three-hertz spike-and-wave discharges, the hallmark of absence epilepsy.
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These clusters occur >20 times per
day. Skin examination reveals ash leaf
macules. Infantile spasms are suspected.
The patient is placed on continuous
EEG monitoring, which demonstrates
modified hypsarrhythmia with low-
amplitude and less fast activity (Fig 3).
MRI of the brain reveals the presence
of tubers suggestive of tuberous sclero-
sis. Tuberous sclerosis complex presents
often as infantile spasms. Treatment
choices include corticotropin, corti-
costeroids, and vigabatrin or other
broad-spectrum AEDs.

Case Vignette 4
A 7-year-old girl experiences three
episodes of seizures within a span of
1 month characterized by paresthesias
of themouth followed by clonic move-
ments of the mouth, face, and right

arm. The seizures last forw30 seconds
to 1 minute without loss of conscious-
ness. There is no family history of fe-
brile seizures, epilepsy, or any other
neurologic illness. The results of her
neurologic examination are normal.
An EEG shows bilateral centrotempo-
ral spikes (Fig 4). A gentle tapping on
the volar aspect of her thumbwith a ten-
don hammer produces spikes above the
contralateral centrotemporal regions.

Benign rolandic epilepsy, or be-
nign childhood epilepsy with centro-
temporal spikes, is a common partial
epilepsy that causes oropharyngeal,
motor, and somatosensory symptoms
confined to the face and ipsilateral ex-
tremity. The condition begins at an
average age of 7 to 9 years (range,
2–14) and occurs mostly during sleep
at night. Neurologic examination

results are normal, and intelligence
is unaffected. The EEG pattern is di-
agnostic and demonstrates bilateral
spikes in the centrotemporal or ro-
landic area with normal background
activity. Neuroimaging results are
normal. Anticonvulsants usually are
not indicated because the seizures
are infrequent and resolve spontane-
ously by w15 years of age. Carbama-
zepine may be prescribed if seizures
are frequent.

Case Vignette 5
A 13-month-old boy is referred for re-
fractory seizures. He is having inter-
mittent episodes of extension of his
neck associated with rolling of his eye-
balls. These episodes occur w5 to 10
times a day and are not associated with
loss of consciousness or postural tone.

Figure 2. Four- to 6-Hz poly spike-and-wave activity is seen with generalized myoclonic seizures.
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There is no postictal confusion. These
episodes are more frequent after
feeding. There is a family history of
seizures. The boy’s birth and develop-
ment have been normal. Neurologic
assessment is within normal limits.
The results of a previous EEG were
normal, and the boy has been treated
with valproate and levetiracetam with
no effect. He is admitted for a video
EEG. Videotaping of these episodes
shows recurrent episodes of dystonic
movements of the neck. Sandifer syn-
drome is suspected and confirmed by
esophageal pHprobe studies.His symp-
toms resolve completely with antireflux
therapy.

Sandifer syndrome is characterized
by spasmodic torticollis and dystonia
associated with gastroesophageal reflux

or hiatal hernia. The episodes may be
confused with infantile spasms. A tem-
poral relationship with feeding and a
neurologic examination with normal
results may help in arriving at the di-
agnosis. Treatment is antireflux ther-
apy or correction of the hiatal hernia.

Case Vignette 6
An 8-year-old white girl has presented
with intractable seizures since infancy.
She was born at term, and global de-
velopmental delay was noted early in
childhood. She experienced a multi-
plicity of seizure types, including atyp-
ical absence, generalized tonic clonic,
myoclonic, and drop attacks. Multiple
antiepileptic drugs, including val-
proate, clonazepam, clobazam, gaba-
pentin, and levetiracetam, were used,

but to no avail. Interictal EEG reveals
generalized slow spike-and-wave ab-
normality. The diagnosis is Lennox-
Gestaut syndrome.

Lennox-Gestaut syndrome is char-
acterized by a triad of intractable seiz-
ures of multiple types, interictal EEG
abnormalities, and mental retardation.
The condition usually begins at 2 to 4
years of age and may be preceded by
infantile spasms. Seizures are resis-
tant to therapy. Valproate, clonazepam,
vigabatrin, lamotrigine, felbamate, and
topiramate have been used. A keto-
genic diet should be considered in pa-
tients refractory to AEDs.

Case Vignette 7
A 10-day-old girl born at term
presents with multiple episodes of

Figure 3. Repetitive spike focus localized in the centrotemporal or rolandic area with a normal background activity, typical of
benign rolandic epilepsy.
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abnormal jerks affecting all four
limbs. In between the episodes,
she is active and feeding well. There
is no history of fever. The pregnancy
and delivery were uneventful. The
infant is breastfed exclusively. The
physical examination is within nor-
mal limits. Blood levels of glucose,
electrolytes, calcium, and magnesium
are normal. The results of a septic
evaluation are negative. Computed
tomography scan of the brain and
EEG have normal results. A tentative
diagnosis of benign sleep myoclonus
is made. The myoclonic jerks occur
during sleep only and disappear
when the infant is awake. This find-
ing is corroborated by the nurse. Pa-
rents are reassured, and the infant
discharged from the hospital. The

myoclonus disappears by 3 months
of age. Follow-up at 1 year of age
reveals normal neurologic findings
and development.

Benign neonatal sleep myoclo-
nus is a nonepileptic, self-limited
parasomnia that begins typically
during the neonatal period. It oc-
curs during sleep and stops when
the baby is awake. The myoclonus
may be induced by repetitive sound
stimuli or rocking the baby. These
episodes may be confused with in-
fantile spasms but can be distin-
guished from the latter by the
absence of EEG findings. The prog-
nosis is good, with no sequelae and
cessation of myoclonus by 2 years
of age. Antiepileptic therapy is not
indicated.

Case Vignette 8
A 16-year-old girl is referred for re-
fractory seizures. She was admitted
for video EEG monitoring. Results
of her neurologic examination are
normal. One of the episodes captured
during video EEG reveals a gradual
onset of facial grimacing followed
by forward pelvic thrusting. She ap-
pears unresponsive. No urinary in-
continence, frothing from mouth,
cyanosis, or tongue bite is noted. Her
pupils remain normal, and she has
normal muscle tone and flexor plantar
response. She recollects the episode
and had no lethargy or confusion after
the episode. EEG shows excess mus-
cle artifacts with a normal back-
ground activity devoid of epileptic
discharges.

Figure 4. Hypsarrhythmia, which consists of a chaotic pattern of high voltage, bilaterally asynchronous, slow wave activity,
characteristic of infantile spasms.
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Detailed psychological evaluation
reveals a deep fear of her mathematics
teacher and possibility of sexual abuse.
She experienced two such episodes
at school just before mathematics
class. She is diagnosed with nonepilep-
tic seizures (pseudoseizures or psycho-
genic seizures) and anticonvulsants are
stopped.

Pseudoseizures are more frequent
in adolescent girls. A more gradual
onset; bizarre and variable pattern
of episodes; verbalizations; lack of cy-
anosis; normal pupillary light reflex;
flexor plantar responses; absence of
sphincter incontinence, tongue bite,
or body injury; response to noxious
stimuli; and memory for the episode
may help distinguish a pseudoseizure
from a true seizure. Often these pa-
tients have a past history of epilepsy.
Serum prolactin level is unchanged
from baseline after a pseudoseizure,

unlike in a true seizure in which case
it is increased.

Video EEG has a high yield in
distinguishing seizures from nonepi-
leptic events, in classifying seizures,
and in determining candidacy for ep-
ileptic surgery. In one study, video
EEG resulted in an alteration of clin-
ical management in 45% of pediatric
patients. (1)

Limitations
The sensitivity and specificity of EEG
in diagnosing epilepsy is w25% to
56% and 78% to 98%, respectively.
EEG is less sensitive to pick up signals
generated from the deeper structures
(eg, hippocampus, basal ganglia).
Normal EEG results are seen in
10% to 20% children with epilepsy.
EEG abnormalities may be found in
2% to 4% of healthy children with

no known history of seizures. Ap-
proximately 50% patients with epi-
lepsy have a normal first EEG.
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Condolences

The staff of Pediatrics in Review would like to express our sorrow at the death of Dr. Donald

Lewis, co-author of this article, a highly respected colleague, and valuable member of our

Editorial Board.
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The reader is encouraged to write
possible diagnoses for each case before
turning to the discussion.

The editors and staff of Pediatrics in

Review find themselves in the

fortunate position of having too many

submissions for the Index of Suspicion

column. Our publication slots for Index

of Suspicion are filled through 2013.

Because we do not think it is fair to

delay publication longer than that, we

have decided not to accept new cases

for the present. We will make an

announcement in Pediatrics in Review

when we resume accepting new cases.

We apologize for having to take this

step, but we wish to be fair to all

authors. We are grateful for your

interest in the journal.
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Case 1: Lower Extremity Weakness 2 Years After
Scoliosis Surgery in a Teenager

Case 2: Fever, Cough, Shortness of Breath, Jaundice,
and Hepatomegaly in a Teenager

Case 3: Recurrent Infections in a Teenager

Case 1 Presentation
A 14-year-old girl presents with 10
days of progressive lower extremity
weakness together with numbness
from her umbilicus to her feet. She
denies incontinence but notes diffi-
culty starting her urinary stream as
well as constipation. She has no fevers
or headaches. There is no recent his-
tory of trauma, illness, travel, camping,
or insect bites. Two years before pre-
sentation, she underwent a posterior
spinal fusion for idiopathic scoliosis
without complications. She has done
well, andher progress ismonitored reg-
ularly by her orthopedic surgeon, who
notes that she has complained inter-
mittently of mild back discomfort
but has had no back pain in the past
few weeks. There is no family history
of tumors, neurologic disorders, or
autoimmune diseases.

On physical examination, the girl
is afebrile and has stable vital signs.
She is alert and in no distress. Her
skin is free of rashes and acne. Her
cranial nerves are intact, and her neck
is supple. There is no spine tender-
ness or erythema on her back. Her
upper extremity strength is normal.
Lower extremity strength is decreased
to 2–3/5 on the left and 4/5 on the
right, with normal tone, bilateral 4þ
hyperreflexia, and 3 beats of clonus.
She has normal rectal tone and de-
creased sensation to touch, pinprick,
and vibration in her legs. Proprioception
is difficult to elicit. She walks with sup-
port and without ataxia.

Laboratory evaluation shows white
blood cell (WBC) count of 10.7 �
103/mL and hemoglobin concentra-
tion of 10.2 g/dL. Her cerebrospinal

fluid WBC count is 13/mL, her glu-
cose level is 63 mg/dL, and the pro-
tein concentration is 225 mg/dL.
Her erythrocyte sedimentation rate
is 27 mm/h, and her C-reactive pro-
tein level is 4.6 mg/L. An imaging
study reveals the diagnosis.

Case 2 Presentation
A 13-year-old boy presents with fe-
ver, cough, breathing difficulty, and
reduced oral intake for 6 days. He
was seen by his pediatrician 4 days
ago for the same complaints and was
started on treatment with amoxicillin/
clavulanic acid and azithromycin for
pneumonia. Because the symptoms
have not improved, he is referred
for further evaluation. He has been
diagnosed as having severe develop-
mental delay, a seizure disorder, autism
spectrum disorder, and scoliosis. He
takes carbamazepine. He has no his-
tory of allergies, exposure to pets, sick
contacts, or recent travel.

Physical examination findings reveal
a malnourished, ill-appearing boy
with a temperature of 40°C. His
respiratory rate is 30 breaths per min-
ute, his pulse oximetry saturation is
95% in room air, his heart rate is
120 beats per minute, and his blood
pressure is 100/70 mmHg. He
weighs 26 kg, which is well below
the 5th percentile for his age. He
is icteric, and his liver is enlarged
(4 cm below the right costal margin
with a span of 14 cm) and tender. Ex-
amination of his chest reveals de-
creased breath sounds at the right
base. The rest of his physical findings
are within his baseline limits.
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Laboratory results are as follows:
WBC count is 43 � 103/mL (43 �
109/L), with 98% neutrophils and
2% bands; platelet count is 642 �
103/mL (642 � 109/L); erythrocyte
sedimentation rate is 82 mm/h; pro-
thrombin time is 12 seconds;C-reactive
protein is 19.5 mg/dL, with a serum
albumin level of 1.2 g/dL; direct bil-
irubin level is 5.2 mg/dL; aspartate
aminotransferase level is 140 U/L;
and alanine aminotransferase level
is 132 U/L. Imaging studies reveal
the diagnosis.

Case 3 Presentation
A 17-year-old boy presents to the pe-
diatric clinic for follow-upof a pneumo-
nia diagnosed in the local emergency
department. It is his second occur-
rence of pneumonia in the past
6 months, documented as lobar con-
solidation on chest radiograph. He
has experienced recurrent episodes
of acute otitis media as a young child,
requiring bilateral myringotomy with
tube placement. He also reports re-
current sinusitis over the past several
years, requiring frequent courses of
antibiotic treatment. In addition, he
has a recent history of intermittent
diarrhea and subsequently was diag-
nosed as having giardiasis and was
treated. He denies any daily medica-
tion use and travel outside the United
States, and his immunizations are up
to date.

Physical examination reveals a well-
developed, well-appearing boy with
a temperature of 99.1°F (37.3°C),
a heart rate of 89 beats per minute, a
respiratory rate of 18 breaths per
minute, blood pressure of 96/64
mmHg, and an oxygen saturation
of 98% in room air. Both tympanic
membranes show tympanosclerosis,
his throat is clear, and tonsillar tissue
is present without exudate. Findings
from the rest of the examination are
unremarkable.

Laboratory analysis reveals a WBC
count of 6.1 � 103/mL (6.1 � 109/
L; 62.5% neutrophils, 28.6% lympho-
cytes, 7.5% monocytes, and 1.1%
eosinophils), with an absolute neu-
trophil count of 3,813 and an abso-
lute lymphocyte count of 1,745.
Hemoglobin level is 14.5 g/dL
(121 g/L), hematocrit level is 43%,
and platelet count is 296 � 103/mL
(296 � 109/L). Values for aspartate
aminotransferase, alanine aminotrans-
ferase, plasma protein, and albumin
are normal.

On review of his medical history,
additional laboratory evaluation is per-
formed, which reveals the diagnosis.

Case 1 Discussion
Owing to the girl’s neurologic find-
ings, spinal cord compression was
an immediate concern. MRI of the
thoracic spine was nondiagnostic be-
cause of metallic artifact from the
spinal rods. Computed tomographic
(CT) scan of the spine with myelo-
gram showed fusion of the thoracic
spine from T4 to T12, with the left
T4 pedicle screw traversing the left
paracentral spinal canal, causing com-
pression of the spinal cord (Fig 1).
There was a bony lucency lateral to
the left T4 pedicle screw and in the
vertebral body (Fig 1). The prevertebral
soft tissues were unremarkable.

The patient was taken urgently to
the operating room for removal of all
spinal hardware and irrigation and
debridement of the posterior spine,
which appeared infected with puru-
lent fluid around the pedicle screws.
Cerebrospinal fluid leaks were not
noted. Treatment with vancomycin
and piperacillin-tazobactamwas started
postoperatively. Anaerobic wound cul-
ture samples grew Propionibacterium
acnes at day 7 (the culture speci-
men was requested to be held for 2
weeks).

Background and Differential
Diagnosis

There is limited literature on late-
presenting infections after scoliosis
surgery, with several case reports and
a few retrospective studies that report
an incidence of 0.3% to 8.3%. The im-
portance of awareness of this possible
complication can be drawn from the
prevalence of adolescent idiopathic
scoliosis at 3% of the population, with
10% of those affected requiring treat-
ment, and the potentially devastating
neurologic outcome of complications
that can occur if infection is not recog-
nized and treated promptly.

Spinal cord neoplasm and epidural
abscess were high on the differential,
given her indolent presentation and
absence of systemic symptoms. Other
possibilities were transverse myelitis
and multiple sclerosis, which can pres-
ent with weakness but are unlikely to
have upper motor neuron signs.
Guillain-Barré syndrome and tick
paralysis can present with ascending pa-
resis, but these patients also are usually
hyporeflexic.

Clinical and Diagnostic
Features

The organism that grew in this pa-
tient’s wound culture sample has been
reported commonly to cause late-
presenting infection after scoliosis
surgery. P acnes is a Gram-positive ba-
cillus found in hair follicles. It is
anaerobic but tolerates limited amounts
of oxygen. The bacterium can estab-
lish chronic infections without provok-
ing a host immune response because
of its cell wall structure, which may
prevent degradation from neutrophils
and macrophages, and it may be able
also to suppress T-cell activation. In
addition to requiring anaerobic condi-
tions for optimal growth, this microbe
grows slowly, making it difficult to
grow in a culture sample, unless it is
suspected. Culture samples usually are
positive by 8 to 10 days.
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Other implant-related infections
have been associated with P acnes,
including endophthalmitis after in-
traocular lens placement, ventricu-
loperitoneal shunt infection, and
prosthetic joint infections. Other
organisms implicated in late-presenting
infections after scoliosis surgery are
Staphylococcus epidermidis, S aureus,
andMicrococcus varians. Culture sam-
ples may be negative despite a puru-
lent appearance of the site, possibly
because of aseptic inflammation re-
sulting from corrosion of the im-
planted metal or inadequate culture
conditions. P acnes typically is sensitive
to penicillin and clindamycin, but sen-
sitivities should be obtained on all cul-
ture samples because resistance to
antibiotics has developed.

The first scoliosis surgery was per-
formed in 1930, and since the 1970s,

there have been advances in the im-
plants used, with modular systems
that provide more versatility in surgi-
cal correction. The bulk of these
modular systems has been implicated
as a possible contributing factor to the
incidence of late-presenting infections.
It has been thought that the delayed
infection is caused by intraoperative
inoculation, despite sterile technique
and antibiotic prophylaxis, followed
by an indolent period. Hematoge-
nous seeding is another possibility.
It also has been suggested that an
aseptic process caused by metal cor-
rosion leads to irritation and inflam-
mation resembling infection.

The most common presenting
symptoms are back pain after a pain-
free interval and swelling with or with-
out fluctuance and drainage. Fever is
uncommon. This infection presents

an average of 2 to 3 years after the
procedure and was described in one
case report to present after 14 years.
Lower extremity weakness similar to
this patient’s was described in one case
report but is not reported as a frequent
presenting symptom in retrospective
studies. Laboratory evaluation results
usually are normal. Most patients
have elevated levels of inflammatory
markers, but normal levels do not
rule out this infection.

Management and Prognosis
The recommended treatment in-
cludes removal of instrumentation,
irrigation, debridement, and a course
of antibiotic treatment. Naturally
there is concern for loss of correction
or pseudoarthrosis if instrumentation
is removed, but these complications
appear to be significant only if the im-
plants are removed earlier than 18
months after surgery. No significant
difference in pain, function, self-image,
or satisfaction was observed between
those who had late-presenting infec-
tion and those who did not. This pa-
tient received 1 week of treatment
with intravenous vancomycin and
piperacillin-tazobactam until culture
sample and sensitivity results were
available; she was then discharged
from the hospital on a regimen of oral
clindamycin for 6 weeks. She recov-
ered well and has full function of
her lower extremities. Although we
treated the patient for osteomyelitis,
shorter antibiotic durations have
been effective in some reported cases,
a finding that leads some to consider
that this infection involves only soft
tissues.

Lessons for the Clinician

• Patients can develop postsurgical
complications, including infection,
years after successful scoliosis sur-
gery; such patients may present
with neurologic symptoms andmin-
imal pain.

Figure 1. CT scan of the spine with myelogram showing a left pedicle screw traversing
the left paracentral spinal canal causing compression of the spinal cord (red arrow)
and a bony lucency lateral to the pedicle screw and in the vertebral body (blue
arrows).
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• In such cases, the surgical service
should be consulted urgently.

• In a patient having a persistent lo-
calized infection, a foreign body
should be suspected and, con-
versely, infection should be sus-
pected in a patient who has new
symptoms at a site where there
is a known implant.

• If a fastidious organism is sus-
pected, the microbiology labora-
tory staff should be notified of
the need for optimal culture con-
ditions and extended observation
of the culture sample.

(Sylvia Yoo, MD, Department of Pedi-
atrics, Lucile Packard Children’s Hos-
pital, Palo Alto, CA)

Case 2 Discussion
Two important diagnostic clues were
the presence of high fever and tender
hepatomegaly. These findings, along
with leukocytosis, abnormal liver
study results, and elevation of right
hemidiaphragm seen on chest radio-
graph, were suggestive of liver abscess.
Ultrasonography showed two hetero-
geneous masses in the liver measur-
ing 9 � 13 cm and 7 � 8 cm in
diameter, located predominantly in
the right lobe. Both masses had mul-
tiple small cystic spaces separated by
septae with a larger central hypoe-
choic cystic component, which fa-
vored the diagnosis of liver abscess.
The remaining findings from abdom-
inal ultrasonographic examinationwere
within normal limits. CT scan re-
sults confirmed the above findings
(Fig 2). The presence of an aggrega-
tion of small abscesses with the for-
mation of a larger abscess cavity is
an important clue to the diagnosis
of pyogenic liver abscess (PLA).
The absence of significant travel his-
tory to an endemic area for amebiasis
further strengthened the clinical sus-
picion of PLA.

A blood culture sample was drawn,
and treatment with antibiotics (ampi-
cillin, gentamicin, and metronida-
zole) chosen to cover Gram-positive,
Gram-negative, and anaerobic organ-
isms. An interventional radiologist
placed a percutaneous pigtail catheter
for drainage, which drained frank pus
(Fig 3). Gram stain and stain for acid-
fast bacilli did not show any organisms
in the pus. Bacterial, fungal, and my-
cobacterial culture specimens from
the pus and the blood culture sample
did not grow any organisms.

The negative culture sample for
this patient probably is due to earlier
partial treatment with antibiotics.
Moreover, 20% of PLAs reported in
adults are culture-negative. Multiple
stool studies (microscopy and cul-
ture) did not show any abnormality.
Serology test results for Entamoeba
histolytica, cat-scratch disease, and
fungi were negative. The patient
improved clinically and follow-up
ultrasonography showed a decrease
in the size of the abscess cavities.

A biopsy specimen taken from the
wall of the abscess cavity showed
normal liver cells with a prominent
inflammatory response. Prolonged
antibiotic therapy for 6 weeks resulted
in complete resolution of the liver
abscess.

The Condition
The liver is the most common visceral
organ for the development of ab-
scesses. Liver abscess may be bacte-
rial, parasitic, or fungal in origin. In
the United States, bacterial liver ab-
scesses are the most common cause,
whereas in the developing world, in-
fection with E histolytica is the most
common etiology. PLAs are relatively
rare in children, and the reported in-
cidence in developed countries is var-
iable, ranging from 3 to 25 per
100,000 pediatric hospital admis-
sions. Almost one-half of cases in
children are associated with immuno-
compromised conditions, such as leu-
kemia, chronic granulomatous disease,
or sickle cell disease.

Figure 2. CT scan of the abdomen showing the presence of two abscess cavities
(arrows) in the liver.
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In children, the liver is seeded by
Gram-negative organisms or anaerobes
through portal circulation from intra-
abdominal infections such as appendici-
tis, pylephlebitis (infective suppurative
thrombosis of the portal vein), and in-
flammatory bowel disease, or through
a hematogenous route by S aureus
from distant primary sources of infec-
tions such as endocarditis, pneumonia,
or infected indwelling catheters.

In neonates, sepsis, necrotizing
enterocolitis, and umbilical vein can-
nulation commonly predispose to liver
abscess, whereas in adults, ascending
cholangitis associated with biliary tract
obstruction caused by gallstones is the
most common cause of PLA. Early
symptoms usually are minimal and
nonspecific and include fever, chills,
malaise, fatigue, nausea, vomiting, and
abdominal pain. Physical examination
findings may be completely normal
or may reveal right upper quadrant
tenderness or mild hepatomegaly.
Other physical signs include decreased
breath sounds in the right base due to

pleural effusion or a fixed elevated
hemidiaphragm.

Diagnosis of PLA in the pediatric
population is challenging and often
delayed. A high degree of suspicion
is necessary. Serum levels of liver en-
zymes and bilirubin, WBC count, sed-
imentation rate, and C-reactive protein
may be elevated but also can be nor-
mal. Liver abscess should be consid-
ered strongly in the evaluation of
fever of unknown origin, especially
in the presence of underlying risk fac-
tors such as immunosuppression.

Diagnosis
Both ultrasonography and CT scan
can provide information about the
presence, number, location, and size
of the abscesses. Ultrasonography is
rapid and inexpensive and lacks radi-
ation exposure. CT scan is the defin-
itive investigation of choice, owing to
higher sensitivity in identifying le-
sions as small as 1 cm in diameter.
These modalities are complementary
to each other.

Differential Diagnosis
Amoebic liver abscess should be con-
sidered in patients having a recent travel
history to an endemic area; usually
these patients have positive serologic
test results for amebiasis. Abscesses
due to Candida albicans and myco-
bacteria occur in individuals with
reduced immunity caused by condi-
tions such as hematologic malignancies,
solid-organ transplants, and acquired
immunodeficiency disorders. One also
must consider a diagnosis of chronic
granulomatous disease in the pres-
ence of liver abscess infected with
S aureus. Vascular lesions and tumors
of the liver can be differentiated from
hepatic abscess by contrast-enhanced
CT scan.

Treatment
Untreated or undiagnosed liver ab-
scess is fatal. Complications of
hepatic abscess include peritonitis,
subphrenic abscess, septicemia, and
shock. Treatment requires ultrasono-
graphic or CT-guided percutaneous
needle aspiration and empiric broad-
spectrum antibiotic therapy. In the
case of small abscesses, medical man-
agement alone may be tried; however,
in most cases, the abscesses are multi-
ple and relatively large in size, so per-
cutaneous catheter placement or open
surgical drainage is required. These
catheters usually are removed in w2
weeks, when the drainage becomes
nonpurulent and scant. Most cases
require prolonged treatment for 4
to 8 weeks for complete resolution
of the abscesses.

Lessons for the Clinician

• Symptoms and signs of PLAs usu-
ally are nonspecific, so a high de-
gree of suspicion is required for
the diagnosis.

• Liver abscess should be considered
in a patient experiencing fever of
unknown origin.

Figure 3. Radiograph of the abdomen showing the presence of two pigtail catheters in
the liver, draining the abscess cavities.
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• Although ultrasonography is the
preferred initial investigation for
liver abscesses, CT scan is the de-
finitive investigation of choice be-
cause of its higher sensitivity.

(Senthilkumar Sankararaman, MD,
Wanda Wells, MD, John Vanchiere,
MD, PhD, Louisiana State University
Health Sciences Center, Shreveport,
LA)

Case 3 Discussion
Serum quantitative immunoglobulin
(Ig) evaluation revealed low IgG
(324 mg/dL), IgA (21 mg/dL),
and IgM (7 mg/dL) levels. Total he-
molytic complement concentration
was within the normal age-appropriate
range. Antibodies against diphtheria
and tetanus antigens were undetect-
able, and the patient also failed to
develop protective antibody titers
6 weeks after vaccination. This patient
was diagnosed as having common var-
iable immunodeficiency (CVID).

The history of recurrent sinopul-
monary infections, low quantitative Ig
levels, and a poor response to immu-
nizations should raise the suspicion of
a primary immunodeficiency, but the
diagnosis cannot be made without
first ruling out other conditions that
may cause secondary antibodydeficiency.
Medications such as cyclophospha-
mide, phenytoin, gold, penicillamine,
and sulfasalzine are known causes of
hypogammaglobulinemia. HIV, cyto-
megalovirus, and Epstein-Barr virus
infections as well as protein-losing
states and malignancy can lower Ig
levels.

The Condition
Selective IgA deficiency is the most
common primary immunodeficiency,
with reported incidences of 1 per 333
to 1 per 700 individuals in the gen-
eral population; however, most pa-
tients with selective IgA deficiency

are asymptomatic. CVID is the most
common symptomatic antibody defi-
ciency a pediatrician encounters. It is
a heterogeneous disorder involving
both B- and T-lymphocyte dysfunc-
tion causing impairment of both an-
tibody synthesis and response. The
true incidence of CVID is unknown,
but it is estimated to affect between
1 per 50,000 to 1 per 75,000
individuals.

Symptoms may occur at any age,
with a peak onset of symptoms in
the first and third decade of life. Most
cases are sporadic, but at least 10%
are familial, occurring predominantly
in an autosomal-dominant inheri-
tance pattern. Both genders are af-
fected equally.

Laboratory evaluation results de-
monstrate low serum IgG levels at
least 2 SDs below the mean. Patients
typically also have low serum IgA lev-
els and frequently have low IgM lev-
els. An essential part of the diagnosis
also involves confirming impaired
production of specific antibodies,
demonstrated by poor responses to
protein or polysaccharide vaccine chal-
lenges. Protein vaccine responses usually
are assessed by measuring tetanus or
diphtheria toxoids. Because of the im-
maturity of the T-cell response in
young children, polysaccharide vac-
cine responses typically are expected
in individuals 2 years and older. Poly-
saccharide response usually can be as-
sessed with the administration of
either pneumococcal polysaccharide
vaccine or meningococcal polysac-
charide vaccine.

Classically, patients who have
CVID present with recurrent otitis
media, sinusitis, bronchitis, and pneu-
monia, primarily due to infections by
Streptococcus pneumonia, Haemophi-
lus influenzae, Moraxella catarrhalis,
and S aureus. Asthma, bronchiectasis,
and hearing loss because of recurrent
otitis media are well described for this
condition.

Gastrointestinal complications af-
fect 20% to 25% of individuals. Pa-
tients often report mild abdominal
pain, bloating, and recurrent epi-
sodes of mild, watery diarrhea. Com-
mon gastrointestinal tract diseases
include lymphonodular hyperplasia,
inflammatory bowel disease, andHel-
icobacter pylori–induced chronic gas-
tritis. Pathogens such as Giardia
lamblia, Campylobacter, and Salmo-
nella species are the most common
organisms that cause enteritis.

Autoimmune disorders occur in
20% to 25% of patients with CVID.
The spectrum of autoimmune dis-
orders varies widely: autoimmune
thrombocytopenia and hemolytic
anemia are the most common mani-
festations. Patients who have CVID
have a significantly higher predisposi-
tion for all cancers. There is a strikingly
high prevalence of gastric carcinoma
and non-Hodgkin’s lymphoma with
CVID. Estimated relative risks are
10-fold higher for developing gastric
carcinoma and an astonishing 30- to
400-fold higher for non-Hodgkin’s
lymphoma, compared with the gen-
eral population.

Classic findings on physical exam-
ination and specific laboratory values
provide important information in dif-
ferentiating CVID from other primary
immunodeficiencies. The presence of
palpable lymph nodes and visible tonsils
essentially rules out X-linked (Bruton)
agammaglobulinemia and makes the
diagnosis of severe combined immu-
nodeficiency unlikely. Children who
experience transient hypogamma-
globulinemia of infancy closely re-
semble patients who have CVID,
and that condition should be consid-
ered in patients younger than 3 years
of age.

Treatment
Intravenous immunoglobulin or sub-
cutaneous immunoglobulin replace-
ment, antibiotic therapy for acute
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bacterial infections, and appropriate
treatments for noninfectious compli-
cations are the mainstay of therapy
for CVID. Intravenous immunoglob-
ulin and subcutaneous immunoglobu-
lin replacement are fractionated blood
products made from pooled human
plasma from thousands of individuals,
incorporating a mixture of antibodies
against a wide spectrum of infectious
diseases. Immunoglobulin helps neu-
tralize bacterial toxins, superantigens,
and viruses. Immunoglobulin also ac-
tivates complement and promotes
phagocytosis and antibody-mediated
cytotoxicity. This therapy can be life
saving in most individuals and im-
proves their overall prognosis.

When patients who have CVID
present with respiratory tract infec-
tions, physicians should have a lower
threshold for starting antibiotics that
have activity against S pneumonia,
H influenzae, and S aureus. Longer
duration of therapy may be needed.
This patient decided to undergo
weekly subcutaneous immunoglobu-
lin replacement therapy. His initial
doseswere given in the clinic tomonitor

for adverse reactions and then
successfully transitioned to home
subcutaneous immunoglobulin ther-
apy. At his most recent visit, at
19 years of age, all investigative
studies, including complete blood
cell count, trough immunoglobulin
levels, pulmonary function testing,
and high-resolution CT scan, yielded
normal results. He has not re-
quired treatment for any severe in-
fections since initiating subcutaneous
immunoglobulin.

Lessons for the Clinician

• Patients who present with infec-
tions that are frequent, do not
resolve with typical antibiotic ther-
apy, involve unusual organisms, or
affect unusual sites should raise
concern for a primary or secondary
immunodeficiency.

• A general immunodeficiency eval-
uation should include complete
blood cell count with differential,
with special attention to both the
absolute neutrophil count and ab-
solute lymphocyte count, total he-
molytic complement concentration,

and quantitative immunoglobu-
lin levels.

• Patients suspected of having CVID
should be referred to an immunol-
ogist and require a multidisciplinary
team approach for management
and for surveillance for autoim-
mune disease, malignancies, and
infections.

• Intravenous immunoglobulin or
subcutaneous immunoglobulin re-
placement is the treatment of choice
in patients with CVID and can be
life saving.

(Troy W. Baker, DO, Scott D. Dick-
son, DO, Michael S. Tankersley, MD,
Wilford Hall Ambulatory Surgical
Center, Lackland Air Force Base, TX)

The views expressed in this article are
those of the authors and do not neces-
sarily reflect the official policies or posi-
tions of the U.S. Department of the Air
Force, the U.S. Department of Defense,
or the United States Government.

To view Suggested Reading lists
for these cases, visit http://pedsinreview.
aappublications.org and click on
“Index of Suspicion.”
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