
 

Figure 9-24 A, Schema of normal vitamin D metabolism. B, Vitamin D deficiency. There is inadequate substrate for the renal hydroxylase (1), yielding a deficiency of 1,25(OH)2 D (2), 

and deficient absorption of calcium and phosphorus from the gut (3), with consequent depressed serum levels of both (4). The hypocalcemia activates the parathyroid glands (5), causing 
mobilization of calcium and phosphorus from bone (6a). Simultaneously, the parathyroid hormone (PTH) induces wasting of phosphate in the urine (6b) and calcium retention. 
Consequently, the serum levels of calcium are normal or nearly normal, but the phosphate is low; hence, mineralization is impaired (7). 



 

TABLE 9-23 -- Predisposing Conditions for Rickets or Osteomalacia



Inadequate Synthesis or Dietary Deficiency of Vitamin D

Inadequate exposure to sunlight

Limited dietary intake of fortified foods

Poor maternal nutrition

Dark skin pigmentation

Decreased Absorption of Fat-Soluble Vitamin D

Cholestatic liver disease

Pancreatic insufficiency

Biliary tract obstruction

Celiac sprue

Extensive small-bowel disease

Derangements in Vitamin D Metabolism

Increased degradation of vitamin D and 25(OH)D

••Induction of cytochrome P-450 enzymes (phenytoin, phenobarbital, rifampin)

Impaired synthesis of 25(OH)D

••Diffuse liver disease

Decreased synthesis of 1,25(OH)2 D

••Advanced renal disease

••Inherited deficiency of renal α1 -hydroxylase (vitamin D-dependent rickets type I)

End-Organ Resistance to 1,25(OH)2 D

Inherited absence of or defective receptors for acute metabolite of vitamin D (vitamin D-dependent rickets type II)

Phosphate Depletion

Poor absorption of phosphate due to chronic use of antacids—binding by aluminum hydroxide

Excess renal tubule excretion of phosphate (X-linked hypophosphatemic rickets)

 

 
Figure 9-25 A, Detail of a rachitic costochondral junction. The palisade of cartilage is lost. Some of the trabeculae are old, well-formed bone, but the paler ones consist of uncalcified 
osteoid. B, For comparison, normal costochondral function from a young child demonstrates the orderly transition from cartilage to new bone formation. 



 

Figure 9-26 Rickets. The bowing of legs in a toddler due to the formation of poorly mineralized bones is evident. 



 

Figure 9-27 A, The flabby, four-chambered, dilated heart of wet beriberi. B, The peripheral neuropathy with myelin degeneration leading to footdrop, wristdrop, and sensory changes in dry 
beriberi. C, Hemorrhages into the mamillary bodies in the Wernicke-Korsakoff syndrome. 



 

Figure 9-28 The sharply demarcated, characteristic scaling dermatitis of pellagra. 



 

Figure 9-29 A, Longitudinal section of a scorbutic costochondral junction with widening of the epiphyseal cartilage and projection of masses of cartilage into the adjacent bone. B, Detail 
of a scorbutic costochondral junction. The orderly palisade is totally destroyed. There is dense mineralization of the spicules but no evidence of newly formed osteoid. 

 



Figure 9-30 The major consequences of vitamin C deficiency. 

 

TABLE 9-24 -- Functions of Trace Metals and Deficiency Syndromes

Nutrient Functions Deficiency Syndromes

Iron Essential component of hemoglobin as well as a number of iron-containing 
metalloenzymes

Hypochromic microcytic anemia

Zinc Component of enzymes, principally oxidases Acrodermatitis enteropathica, growth retardation, infertility

Iodine Component of thyroid hormone Goiter and hypothyroidism

Selenium Component of glutathione peroxidase Myopathy, rarely cardiomyopathy

Copper Component of cytochrome c oxidase, dopamine β-hydroxylase, tyrosinase, lysyl 
oxidase, and unknown enzyme involved in cross-linking keratin

Muscle weakness, neurologic defects, hypopigmentation, abnormal collagen 
cross-linking



Manganese Component of metalloenzymes, including oxidoreductases, hydrolases, and lipases No well-defined deficiency syndrome

Fluoride Mechanism unknown Dental caries

 

 
Figure 9-31 Zinc deficiency with hemorrhagic dermatitis around the mouth and eyes. 

 

TABLE 9-25 -- Body Mass Index Associated Disease Risk

Obesity Class  BMI (kg/m2 ) Risk

Underweight  <18.5 Increased

Normal  18.5–24.9 Normal

Overweight  25.0–29.9 Increased

Obesity I 30.0–34.9 High

 II 35.0–39.9 Very high

Extreme Obesity III ≥40.0 Extremely high

Data from National Institutes of Health, National Heart, Lung, and Blood Institute. Clinical guidelines on the identification, evaluation, and treatment of overweight and obesity in adults
—The evidence report. Obes Res 6 (suppl 2):515, 1998.

 

These three components are described next.[80] Not shown in Figure 9-32 is that energy expenditure occurs through a variety of hormonal (e.g., thyrotropin-releasing hormone) and 
autonomic intermediaries.

Among the afferent signals, insulin and leptin exert long-term control over the energy cycle by activating catabolic circuits and inhibiting anabolic pathways, as discussed in greater detail 
below. By contrast, ghrelin is predominately a short-term mediator. Produced in the stomach, ghrelin levels rise sharply before every meal and fall promptly when the stomach is "filled." 
In fact, it is thought that the success of gastric bypass surgery in massively obese individuals may relate more to the associated suppression of ghrelin levels than to an anatomic reduction 
in stomach capacity.

Whereas both insulin and leptin influence the energy cycle, available data suggest that leptin has a more important role than insulin in the central nervous system control of energy 

homeostasis.[81] [81A] Hence, our discussion will be focused on leptin, recognizing that leptin and insulin share some of their actions.



It is now established that adipocytes communicate with the hypothalamic centers that control appetite and energy expenditure by secreting leptin, a member of the cytokine family. When 
there is an abundance of stored energy in the form of adipose tissue, the resultant high levels of leptin cross the blood-brain barrier, binding to leptin receptors. Leptin receptor signaling has 
two effects: it inhibits anabolic circuits that normally promote food intake and inhibit energy expenditure, and, through a distinct set of neurons, leptin triggers catabolic circuits ( Fig. 9-
32 ). The net effect of leptin, therefore, is to reduce food intake and promote energy expenditure. Hence, over a period of time, energy stores (adipocytes) are reduced, and weight is lost. 
This in turn reduces the circulating levels of leptin, and a new equilibrium is reached. This cycle is reversed when adipose tissue is lost and leptin levels are reduced below a threshold. 
Equilibrium is again reached, since with low leptin levels, the anabolic circuits are relieved of inhibition and catabolic circuits are not activated, resulting in net gain of weight.

The molecular basis of leptin action is extremely complex and not yet fully unraveled. For the most part, leptin exerts its function through a series of integrated neural pathways referred to 
as the leptin-melanocortin circuit, described in Box 9-1 and illustrated in Figure 9-33 . The understanding of this circuitry is important since obesity is a serious public health problem, and 
development of antiobesity drugs will depend on a full understanding of these pathways.

Obesity, particularly central obesity, increases the risk for a number of conditions,[79] including diabetes, hypertension, osteoarthritis, pancreatitis, and many others, listed in Table 9-26 . 
Only some of these complications are discussed here. The mechanisms underlying these associations are complex and likely to be interrelated. Obesity, for instance, is associated with 
insulin resistance and hyperinsulinemia, important features of non-insulin-dependent, or type II, diabetes, and weight loss is associated with improvement. It has been speculated that 
excess insulin, in turn, may play a role in the retention of sodium, expansion of blood volume, production of
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Figure 9-32 A simplified schema of the circuitry that regulates energy balance. When sufficient energy is stored in adipose tissue and the individual is well fed, afferent adiposity signals 
(insulin, leptin, ghrelin) are delivered to the central neuronal processing units, in the hypothalamus. Here the adiposity signals inhibit anabolic circuits and activate catabolic circuits. The 
effector arms of these central circuits then impact on energy balance by inhibiting food intake and promoting energy expenditure. This in turn reduces the energy stores and the adiposity 
signals are obtunded. Conversely, when energy stores are low, the available anabolic circuits take over at the expense of catabolic circuits to generate energy stores in the form of adipose 
tissue, thus generating an equilibrium. 



 

Figure 9-33 The neurohumoral circuits in the hypothalamus that regulate energy balance. Details are in the text. 



 
 



Box 9-1. Genetics of Obesity

Obesity is a disorder with a multifactorial etiology. Only rarely does it result from single gene disorders. Evidence supporting an important role for genes in weight control includes 
familial clustering of obesity and higher concordance of body mass index (BMI) among monozygotic twins (74%) versus dizygotic twins (32%) living in the same environment. 
Although monogenic forms of obesity in humans are rare, studies of these genetic forms of obesity and their murine counterparts have significantly advanced our understanding of the 
molecular basis of obesity. Some of these are discussed below.

In recent years many "obesity" genes have been identified. As might be expected, they encode the molecular components of the neuroendocrine system that regulates energy balance. 
Leptin, the key player in energy homeostasis, is the product of the OB gene. Its role as an antiobesity factor is buttressed by the observation that mice homozygous for mutations in the 
leptin gene (OB/OB) do not secrete leptin, are massively obese, and are "cured" by the administration of exogenous leptin. Mice with mutations in the leptin receptor (db/db) are also 
obese, but, unlike the case with ob/ob mice, their obesity cannot be ameliorated by the administration of leptin. In these mice, obesity occurs because the leptin-mediated afferent signals 
impinging on the hypothalamus fail to regulate appetite and energy expenditure.

Although leptin receptors are expressed at several sites in the brain, those most critical for regulation of the leptin-melanocortin circuit are expressed in the arcuate nucleus of the 
hypothalamus. There are two major types of neurons in this locale that bear leptin receptors: one set (oraxogenic) produces appetite-stimulating neurotransmitters called neuropeptide Y 
(NPY) and agouti-related peptide (AgRP). These are appropriately called NPY/AgRP neurons (see Fig. 9-33 ). As can be surmised from the discussion in the text, leptin reduces the 

expression of NPY and AgRP. The other set of leptin-sensitive neurons, the so-called POMC/CART neurons, transcribe two anorexigenic neuropeptides—α-melanocyte-stimulating 
hormone (α-MSH) and cocaine and amphetamine-related transcript (CART). Both of these peptides are products of proopiomelanocortin (POMC). When the POMC/CART neurons are 
activated by leptin signals, they exert catabolic effects mainly through the secretion of α-MSH. As indicated in Figure 9-33 , the NPY/AgRP and POMC/CART neurons are referred to 

as first-order neurons of the leptin-melanocortin circuit, since they are the initial targets of leptin action. The neurotransmitters produced by them (NPY, AgRP, and α-MSH) then 
interact through their own specific receptors with second-order neurons that trigger the efferent systems with peripheral actions. The effects of these neurotransmitters are described next.

In the anabolic pathway, the first-order NPY/AgRP neurons make monosynaptic connections to second-order neurons, which express oraxogenic peptides melanin-concentrating 
hormone (MCH) and oraxins A and B. As illustrated in Figure 9-33 , NPY released from first-order neurons binds to its receptor on second-order neurons and thus transmits feeding 
signals. Such signals are attenuated when leptin is in excess and are activated by low levels of leptin. AgRP, like NPY, exerts anabolic effects but by a somewhat distinct mechanism.

α-MSH produced by the POMC/CART neurons exerts its catabolic effects by binding to a set of second-order neurons (in the paraventricular nucleus) that express the melanocortin 4 
receptor (MC4R). Catabolic output from the MC4R neurons is relayed to the periphery via the endocrine and autonomic systems. This reduces feeding and increases energy expenditure. 
The energy-consuming actions of MC4R neurons are mediated in part by the release of thyrotropin-releasing hormone (TRH), which activates the thyroxine axis through the anterior 
pituitary; TRH not only increases thermogenesis via secretion of thyroxine, but it is also an appetite suppressant. Corticotropin-releasing hormone (CRH) is another product of MC4R 
neurons. It induces anorexia and also activates the sympathetic nervous system. A subset of MC4R neurons projects to sympathetic motor output areas. Fibers from these areas innervate 
brown adipose tissue, rich in β3 -adrenergic receptors. When these receptors are stimulated, they cause fatty acid hydrolysis and also uncouple energy production from storage. Thus, the 

fats are literally burned, and energy so produced is dissipated as heat.

It is noteworthy that each of the six single gene defects that give rise to human obesity involves proteins in the leptin-melanocortin pathway. Four of these are autosomal recessive and 
affect the leptin receptor, POMC, and PC1. (The last mentioned is a prohormone convertase that cleaves POMC). In all these cases, there is profound hyperphagia and childhood-onset 
massive obesity. While these four forms of genetic obesity are quite rare, those caused by mutations in the melanocortin receptor, MC4R, are by comparison quite common. In a recent 

study, 5% to 8% of a cohort of 500 obese individuals had functionally important mutations in the MC4R gene.[83] In these patients, despite abundant fat stores and leptin, energy 
consumption cannot be stimulated. The sixth monogenic form of human obesity results from mutation in a transcription factor (SIM1) that is essential for the formation of second-order 
leptin neurons.

Despite the remarkable advances in our understanding of genetic control of pathways that regulate energy balance, the genetic basis of the most common forms of human obesity 



remains mysterious. As a multifactorial disorder, one might expect mutations or polymorphisms in several genes of small effect that give rise to obesity in concert with environmental 
factors. It is interesting to note that blood leptin levels are elevated in most humans with obesity. Clearly, the high levels of leptin are unable to down-regulate the anabolic pathways or 
activate the catabolic pathways. The basis of such leptin resistance is unclear but it may be contributed to by a decrease in the ability of leptin to cross the blood-brain barrier, possibly 
due to defective transport across endothelial cells. The fact that in some obese individuals leptin levels in the cerebrospinal fluid are lower than in the plasma supports this hypothesis.
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TABLE 9-26 -- Medical Complications Associated with Obesity

Gastrointestinal Gallstones, pancreatitis, abdominal hernia, NAFLD (steatosis, steatohepatitis, and cirrhosis), and possibly GERD

Endocrine/metabolic Metabolic syndrome, insulin resistance, impaired glucose tolerance, type II diabetes mellitus, dyslipidemia, polycystic ovary syndrome

Cardiovascular Hypertension, coronary artery disease, congestive heart failure, arrhythmias, pulmonary hypertension, ischemic stroke, venous stasis, deep vein 
thrombosis, pulmonary embolus

Respiratory Abnormal pulmonary function, obstructive sleep apnea, obesity hypoventilation syndrome

Musculoskeletal Osteoarthritis, gout, low back pain

Gynecologic Abnormal menses, infertility

Genitourinary Urinary stress incontinence

Ophthalmologic Cataracts

Neurologic Idiopathic intracranial hypertension (pseudotumor cerebri)

Cancer Esophagus, colon, gallbladder, prostate, breast, uterus, cervix, kidney

Postoperative events Atelectasis, pneumonia, deep vein thrombosis, pulmonary embolus

Data from Klein S, Wadden T, Sugerman HJ: AGA technical review on obesity. Gastroenterol 123:882, 2002. NAFLD, non-alcoholic fatty liver disease; GERD, gastroesophageal reflux 
disease.

 
excess norepinephrine, and smooth muscle proliferation that are the hallmarks of hypertension. Regardless of whether these pathogenic mechanisms are actually operative, the risk of 
developing hypertension among previously normotensive persons increases proportionately with weight. Obesity is also associated with a somewhat distinctive metabolic syndrome, the so-

called syndrome X, which is characterized by abdominal obesity, insulin resistance, hypertriglyceridemia, low serum HDL, hypertension, and increased risk for coronary artery disease.[82] 

Obese persons are likely to have hypertriglyceridemia and a low HDL cholesterol value, and these factors may increase the risk of coronary artery disease. The association between obesity 
and heart disease is not straightforward, and the linkage may be related to the associated diabetes and hypertension rather than to weight. Nevertheless, the American Heart Association has 

recently added obesity to its list of major risk factors.[79] 

Nonalcoholic steatohepatitis occurs in adolescents and adults who are obese and have type II diabetes. Fatty change accompanied by liver cell injury and inflammation may progress to 
fibrosis or regress following weight loss.



Cholelithiasis (gallstones) is six times more common in obese than in lean subjects. The mechanism is mainly an increase in total body cholesterol, increased cholesterol turnover, and 
augmented biliary excretion of cholesterol in the bile, which in turn predisposes to the formation of cholesterol-rich gallstones ( Chapter 18 ).

Hypoventilation syndrome is a constellation of respiratory abnormalities in very obese persons. It has been called the pickwickian syndrome, after the fat lad who was constantly falling 
asleep in Charles Dickens' Pickwick Papers. Hypersomnolence, both at night and during the day, is characteristic and is often associated with apneic pauses during sleep, polycythemia, 
and eventual right-sided heart failure.

Marked adiposity predisposes to the development of degenerative joint disease (osteoarthritis). This form of arthritis, which typically appears in older persons, is attributed in large part to 
the cumulative effects of wear and tear on joints. It is reasonable to assume that the greater the body burden of fat, the greater the trauma to joints with passage of time.

Obesity increases the risk of ischemic stroke in both men and women. Abdominal obesity is associated with increased risk of venous thrombosis.

Somewhat controversial is the association between obesity and cancer. A recent large prospective study has revealed an association between increasing BMI and mortality from many 

forms of cancer, including cancers of the esophagus, colon, rectum, liver, and non-Hodgkin lymphoma.[84] The basis of this association is difficult to discern. With hormone-dependent 
cancers, such as those arising in the endometrium, the blame can be placed on hormonal imbalance since obesity is known to raise estrogen levels, but for others we remain in the dark.

DIET AND SYSTEMIC DISEASES

The problems of undernutrition and overnutrition, as well as specific nutrient deficiencies, have been discussed; however, the composition of the diet, even in the absence of any of these 
problems, may make a significant contribution to the causation and progression of a number of diseases. A few examples suffice here.

Currently one of the most important and controversial issues is the contribution of diet to atherogenesis. The central question is, Can dietary modification prevent or retard the development 
of atherosclerosis (most importantly, coronary artery disease)? The average adult in the United States consumes an inordinate amount of fat and cholesterol daily, with a ratio of saturated 
fatty acids to polyunsaturated fatty acids of about 3:1. Vegetable oils (e.g., corn and safflower oils) and fish oils contain polyunsaturated fatty acids and are good sources of cholesterol-
lowering lipids. Fish oil fatty acids belonging to the omega-3, or n-3, family have more double bonds than do the omega-6, or n-6, fatty acids found in vegetable oils. A recent meta-
analysis of 11 studies with over 16,000 patients revealed that a diet enriched in omega-3 fatty acids (vs. placebo) significantly reduced the incidence of fatal myocardial infarction and 

sudden cardiac death.[85] 

There are other examples of the effect of diet on disease:

466

• Hypertension is beneficially affected by restricting sodium intake.
• Dietary fiber, or roughage, resulting in increased fecal bulk, has a preventive effect against diverticulosis of the colon.
• People who consume diets that contain abundant fresh fruits and vegetables with limited intake of meats and processed foods have a lower risk of myocardial infarction. One 
mechanism that may explain these epidemiologic observations is the association of hyperhomocysteinemia with increased intake of meats and decreased intake of vitamin B6 , 

vitamin B12 , and folate. Excess levels of homocysteine are hypothesized to contribute to atherosclerosis ( Chapter 11 ).

• Calorie restriction has been convincingly demonstrated to increase life span in experimental animals. The basis of this striking observation is not entirely clear ( Chapter 1 ).



• Even lowly garlic has been touted to protect against heart disease (and also, alas, kisses), although research has yet to prove the effect on heart disease unequivocally.

CHEMOPREVENTION OF CANCER

Epidemiologic studies have provided evidence that populations who consume large quantities of fruits and vegetables in their diets have a lower risk of cancer. It is hypothesized that 

carotenoids that are converted to vitamin A in the liver and intestine may be important in the primary chemoprevention of cancer. [86] The following mechanisms are proposed for the 
anticarcinogenic effects of carotenoids and retinoids: 

• Retinoic acid promotes differentiation of mucus-secreting epithelial tissues. Supplementation of the diet with beta-carotene and retinol is hypothesized to reverse squamous 
metaplasia and preneoplastic lesions in the respiratory tract of cigarette smokers and workers exposed to asbestos.
• Fruits and vegetables provide antioxidants such as betacarotene, vitamins C and E, and selenium that prevent oxidative damage to DNA.
• Vitamin A can enhance immune responses; other retinoids may modulate inflammatory reactions that are potential sources of reactive oxygen and nitrogen intermediates.

Notwithstanding such theoretical considerations, clinical studies on the role of vitamin A supplementation and cancer risk have failed to provide clear answers. Clinical trials using beta-
carotene and retinyl palmitate as primary preventive agents against lung cancer were terminated because the participants showed an excess of lung cancers and increased mortality. On the 
other hand, 13-cis-retinoic acid was effective in prevention of secondary squamous cell carcinomas of the head and neck region. These apparently conflicting results are not easily 
explained; however, there are multiple chemical forms of retinoids that alter gene expression, cell proliferation, differentiation, and apoptosis by binding to six different nuclear receptors. 
Some retinoids are associated with significant toxicity, including dry skin, conjunctivitis, and hypertriglyceridemia. Until the biochemical and molecular mechanisms of action of 
individual retinoids and other antioxidants are understood, it is unwise to recommend dietary supplements for the primary chemoprevention of cancer. However, a diet rich in fruits, 

vegetables, and unprocessed grains that is low in fat and animal protein has been associated with a decreased risk of cardiovascular disease and some types of cancer.[84] 

High animal fat intake combined with low fiber intake has been implicated in the causation of colon cancer. The most convincing explanation for these associations is as follows: high fat 
intake increases the level of bile acids in the gut, which in turn modifies intestinal flora, favoring the growth of microaerophilic bacteria. The bile acids or bile acid metabolites produced by 
these bacteria might serve as carcinogens or promoters. The protective effect of a high-fiber diet might relate to (1) increased stool bulk and decreased transit time, which decrease the 
exposure of mucosa to putative offenders, and (2) the capacity of certain fibers to bind carcinogens and thereby protect the mucosa.

Attempts to document these theories in clinical and experimental studies have, on the whole, led to contradictory results.

Thus, we must conclude that, despite many tantalizing trends and proclamations by "diet gurus," to date there is no definite proof that diet can cause or protect against cancer. Nonetheless, 
concern persists that carcinogens lurk in things as pleasurable as a juicy steak and rich ice cream.
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Chapter 10 - Diseases of Infancy and Childhood * 

Anirban Maitra MBBS 
Vinay Kumar MD 



Children are not merely little adults, and the diseases they get are not merely variants of adult diseases. Many childhood conditions are unique to, or at least take distinctive forms in, this 
stage of life and so are discussed separately in this chapter. Diseases originating in the perinatal period are important in that they account for significant morbidity and mortality. As would 
be expected, the chances for survival of live-born infants improve with each passing week. This differential represents, at least in part, a triumph of improved medical care. Better prenatal 
care, more effective methods of monitoring the condition of the fetus, and judicious resort to cesarean section before term when there is evidence of fetal distress all contribute to bringing 
into this "mortal coil" live-born infants who in past years might have been stillborn. These infants represent an increased number of high-risk infants. Nonetheless, the infant mortality rate 

in the United States has shown a decline from a level of 20.0 deaths per 1000 live births in 1970 to about 6.9 deaths in 2000.[1] Although the death rate has continued

* The contributions of Dr. Deborah Scofield to this chapter in earlier editions are gratefully acknowledged. 
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to decline for all infants, American blacks continue to have an infant mortality rate more than twice (13.9 deaths per 1000 live births) that of American whites (6.0 deaths). Worldwide, the 
infant mortality rates vary widely, from as low as 3 deaths per 1,000 live births in Sweden, to as high as 82 deaths in the Indian subcontinent.

Each stage of development of the infant and child is prey to a somewhat different group of disorders. The data available permit a survey of four time spans: (1) the neonatal period (the first 
4 weeks of life), (2) infancy (the first year of life), (3) age 1 to 4 years, and (4) age 5 to 14 years.

The major causes of death in infancy and childhood are cited in Table 10-1 . Congenital anomalies, disorders relating to short gestation (prematurity) and low birth weight, and sudden 
infant death syndrome (SIDS) represent the leading causes of death in the first 12 months of life. Once the infant survives the first year of life, the outlook brightens measurably. In the next 
two age groups—1 to 4 years and 5 to 14 years—injuries resulting from accidents have become the leading cause of death (see Table 10-1 ). Among the natural diseases, in order of 
importance, congenital anomalies and malignant neoplasms assume major significance. It would appear then that, in a sense, life is an obstacle course. For the great majority, the obstacles 
are surmounted or, even better, bypassed. We now take a closer look at the specific conditions encountered during the various stages of infant and child development.

Congenital Anomalies

Congenital anomalies are morphologic defects that are present at birth, but some, such as cardiac defects and renal anomalies, may not become clinically apparent until years later. The 
term congenital does not imply or exclude a genetic basis for the birth defect. It is estimated that about 3% of newborns have a major anomaly, defined as an anomaly having either 
cosmetic or functional significance. As indicated in Table 10-1 , they are the most common cause of mortality in the first year of life and contribute significantly to morbidity and mortality 
throughout the early years of life. In a real sense, anomalies found in live-born infants represent the less serious developmental failures in embryogenesis that are compatible with live birth. 
Perhaps 20% of fertilized ova are so anomalous that they are blighted from the outset. Others may be compatible with early fetal development, only to lead to spontaneous abortion. Less 
severe anomalies allow more prolonged intrauterine survival, with some disorders terminating in still-birth and those still less significant permitting live birth despite the handicaps 
imposed.

DEFINITIONS

Before proceeding, we define some of the terms used for various kinds of errors in morphogenesis—malformations, disruptions, deformations, sequences, and syndromes. 

• Malformations represent primary errors of morphogenesis, in other words there is an intrinsically abnormal developmental process ( Fig. 10-1 ). They are usually multifactorial 
rather than the result of a single gene or chromosomal defect. Malformations may present in several patterns. Some, such as congenital heart defects and anencephaly (absence of 
brain), involve single body systems, whereas in other cases multiple malformations involving many organs may coexist.



• Disruptions result from secondary destruction of an organ or body region that was previously normal in development; thus, in contrast to malformations, disruptions arise from an 
extrinsic disturbance in morphogenesis. Amniotic
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bands, denoting rupture of amnion with resultant formation of "bands"that encircle, compress, or attach to parts of the developing fetus, are the classic example of a disruption ( Fig. 10-2). 
A variety of environmental agents may cause disruptions (see below). Understandably, disruptions are not heritable and hence are not associated with risk of recurrence in subsequent 
pregnancies.

• Deformations, like disruptions, also represent an extrinsic disturbance of development rather than an intrinsic error of morphogenesis. Deformations are common problems, 
affecting approximately 2% of newborn infants to varying degrees. Fundamental to the pathogenesis of deformations is localized or generalized compression of the growing fetus 
by abnormal biomechanical forces, leading eventually to a variety of structural abnormalities. The most common underlying factor responsible for deformations is uterine 
constraint. Between the 35th and 38th weeks of gestation, rapid increase in the size of the fetus outpaces the growth of the uterus, and the relative amount of amniotic fluid (which 
normally acts as a cushion) also decreases. Thus, even the normal fetus is subjected to some form of uterine constraint. Several factors increase the likelihood of excessive 
compression of the fetus resulting in deformations. Maternal factors include first pregnancy, small uterus, malformed (bicornuate) uterus, and leiomyomas. Fetal or placental 
factors include oligohydramnios, multiple fetuses, and abnormal fetal presentation. An example of a deformation is clubfeet, often a component of Potter sequence, described later.
• A sequence is a pattern of cascade anomalies. Approximately half the time, congenital anomalies occur singly; in the remaining cases, multiple congenital anomalies are 
recognized. In some instances, the constellation of anomalies may be explained by a single, localized aberration in organogenesis (malformation, disruption, or deformation) 
leading to secondary effects in other organs. A good example of a sequence is the oligohydramnios (or Potter) sequence ( Fig. 10-3 ). Oligohydramnios (decreased amniotic fluid) 
may be caused by a variety of unrelated maternal, placental, or fetal abnormalities. Chronic leakage of amniotic fluid because of rupture of the amnion, uteroplacental
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insufficiency resulting from maternal hypertension or severe toxemia, and renal agenesis in the fetus (as fetal urine is a major constituent of amniotic fluid) are all causes of 
oligohydramnios. The fetal compression associated with significant oligohydramnios, in turn, results in a classic phenotype in the newborn infant, including flattened facies and positional 
abnormalities of the hands and feet ( Fig. 10-4). The hips may be dislocated. Growth of the chest wall and the contained lungs is also compromised so that the lungs are frequently 
hypoplastic, occasionally to the degree that they are the cause of fetal demise. Nodules in the amnion (amnion nodosum)are frequently present.

• A syndrome is a constellation of congenital anomalies, believed to be pathologically related, that, in contrast to a sequence, cannot be explained on the basis of a single, localized, 
initiating defect. Syndromes are most often caused by a single etiologic agent, such as a viral infection or specific chromosomal abnormality, which simultaneously affects several 
tissues.

 
TABLE 10-1 -- Cause of Death Related with Age

Causes * Rate † 

Under 1 Year: All Causes 727.4

Congenital malformations, deformations, and chromosomal anomalies  

Disorders related to short gestation and low birth weight  

Sudden infant death syndrome (SIDS)  

Newborn affected by maternal complications of pregnancy  



Newborn affected by complications of placenta, cord, and membranes  

Respiratory distress of newborn  

Accidents (unintentional injuries)  

Bacterial sepsis of newborn  

Intrauterine hypoxia and birth asphyxia  

Diseases of the circulatory system  

1–4 Years: All Causes 32.6

Accidents and adverse effects  

Congenital malformations, deformations, and chromosomal abnormalities  

Malignant neoplasms  

Homicide and legal intervention  

Diseases of the heart ‡  

Influenza and pneumonia  

5–14 Years: All Causes 18.5

Accidents and adverse effects  

Malignant neoplasms  

Homicide and legal intervention  

Congenital malformations, deformations, and chromosomal abnormalities  

Suicide  

Diseases of the heart  

15–24 Years: All Causes 80.7

Accidents and adverse effects  

Homicide  

Suicide  

Malignant neoplasms  

Diseases of the heart  

*Causes are listed in decreasing order of frequency. All causes and rates are preliminary 2000 statistics. (Minino AM, Smith BL. Deaths: Preliminary data for 2000. National Vital Statistics 
Report, 49:12, 2001). 
†Rates are expressed per 100,000 population. 
‡Excludes congenital heart disease. 



 
 
 
 
Figure 10-1 Malformations. Human malformations can range in severity from the incidental to the lethal. Polydactyly (one or more extra digits) and syndactyly (fusion of digits), both of 
which are illustrated in A, have little functional consequence when they occur in isolation. Similarly, cleft lip (B), with or without associated cleft palate, is compatible with life when it 
occurs as an isolated anomaly; in the present case, however, this child had an underlying malformation syndrome (trisomy 13) and expired because of severe cardiac defects. The stillbirth 
illustrated in C represents a severe and essentially lethal malformation, where the midface structures are fused or ill-formed; in almost all cases, this degree of external dysmorphogenesis is 
associated with severe internal anomalies such as maldevelopment of the brain and cardiac defects. (Pictures A and C courtesy of Dr. Reade Quinton, and B courtesy of Dr. Beverly 
Rogers, Department of Pathology, University of Texas Southwestern Medical Center, Dallas, TX.) 

 

Figure 10-2 Disruption. Disruptions occur in a normally developing organ because of an extrinsic abnormality that interferes with normal morphogenesis. Amniotic bands are a frequent 
cause of disruptions. In the illustrated example, note the placenta at the right of the diagram and the band of amnion extending from the top portion of the amniotic sac to encircle the leg of 
the fetus. (Courtesy of Dr. Theonia Boyd, Children's Hospital of Boston, MA.) 



 

Figure 10-3 Schematic diagram of the pathogenesis of the oligohydramnios sequence. 

 

Figure 10-4 Infant with oligohydramnios sequence. Note the flattened facial features and deformed right foot (talipes equinovarus). 



 

TABLE 10-2 -- Causes of Congenital Anomalies in Humans

Cause Frequency (%)

Genetic  

Chromosomal aberrations 10–15

Mendelian inheritance •2–10

Environmental  

Maternal/placental infections •2–3

••Rubella  



••Toxoplasmosis  

••Syphilis  

••Cytomegalovirus  

••Human immunodeficiency virus (HIV)  

Maternal disease states •6–8

••Diabetes  

••Phenylketonuria  

••Endocrinopathies  

Drugs and chemicals •1

••Alcohol  

••Folic acid antagonists  

••Androgens  

••Phenytoin  

••Thalidomide  

••Warfarin  

••13-cis-retinoic acid  

••Others  

Irradiations •1

Multifactorial (Multiple Genes ? Environment) 20–25

Unknown 40–60

Adapted from Stevenson RE, et al (eds): Human Malformations and Related Anomalies. New York, Oxford University Press, 1993, p. 115.

 

Single gene mutations of large effect may underlie major congenital anomalies, which, as expected, follow mendelian patterns of inheritance.[2] Of these, approximately 90% are inherited 
in an autosomal dominant or recessive pattern, while the remainder segregates in an X-linked pattern. Not surprisingly, many of the mutations that give rise to birth defects involve 
abrogation of function of genes involved in normal organogenesis and development. For example, holoprosencephaly is the most common developmental defect of the forebrain and 
midface in humans (see Chapter 28 ); mutations of sonic hedgehog, a gene involved in developmental patterning (see below), have been reported in a subset of patients with 

holoprosencephaly.[3] Similarly, mutations of a downstream target of sonic hedgehog signaling, GLI3, have been reported in patients with anomalies of digits, either conjoined digits 
(syndactyly) or supernumerary digits (polydactyly).

Environmental Causes

Environmental influences, such as viral infections, drugs, and irradiation, to which the mother was exposed during pregnancy may cause fetal malformations (the appellation of 
"malformation" is loosely used in this context, since technically, these anomalies represent disruptions).



Viruses.

Many viruses have been implicated in causing malformations, including the agents responsible for rubella, cytomegalic inclusion disease, herpes simplex, varicella-zoster infection, 
influenza, mumps, human immunodeficiency virus (HIV), and enterovirus infections. Among these, the rubella virus and cytomegalovirus are the most extensively investigated. With all 
viruses, the gestational age at which the infection occurs in the mother is critically important. The at-risk period for rubella infection extends from shortly before conception to the 16th 

week of gestation, the hazard being greater in the first 8 weeks than in the second 8 weeks.[4] The incidence of malformations is reduced from 50% to 20% to 7% if infection occurs in the 
first, second, or third month of gestation. The fetal defects are varied, but the major tetrad comprises cataracts, heart defects (persistent ductus arteriosus, pulmonary artery hypoplasia or 
stenosis, ventricular septal defect, tetralogy of Fallot), deafness, and mental retardation, referred to as rubella embryopathy.

Intrauterine infection with cytomegalovirus, mostly asymptomatic, is the most common fetal viral infection. This viral disease is considered in detail in Chapter 8 ; the highest at-risk 
period is the second trimester of pregnancy. Because organogenesis is largely completed by the end of the first trimester, congenital malformations occur less frequently than in rubella; 
nevertheless, the effects of virus-induced injury on the formed organs are often severe. Involvement of the central nervous system is a major feature, and the most prominent clinical 
changes are mental retardation, microcephaly, deafness, and hepatosplenomegaly.

Drugs and Other Chemicals.

A variety of drugs and chemicals have been suspected to be teratogenic, but perhaps less than 1% of congenital malformations are caused by these agents. The list includes thalidomide, 

folate antagonists, androgenic hormones, alcohol, anticonvulsants, warfarin (oral anticoagulant), and 13-cis-retinoic acid used in the treatment of severe acne.[5] For example, thalidomide, 

once used as a tranquilizer in Europe, caused an extremely high frequency (50% to 80%) of limb abnormalities in exposed fetuses.[6] Alcohol, perhaps the most widely used agent today, is 
a teratogen. Affected infants show growth retardation, microcephaly, atrial septal defect, short palpebral fissures, maxillary hypoplasia, and several other minor anomalies. These together 

are labeled the fetal alcohol syndrome.[7] While cigarette smoke-derived nicotine has not been convincingly demonstrated to be a teratogen, there is a high incidence of spontaneous 
abortions, premature labor, and placental abnormalities in pregnant smokers; babies born to smoking mothers often have a low birth weight and may be prone to sudden infant death 
syndrome (see later). In light of these findings, it is best to avoid nicotine exposure altogether during pregnancy.

Radiation.

In addition to being mutagenic and carcinogenic, radiation is teratogenic. Exposure to heavy doses of radiation during the period of organogenesis leads to malformations, such as 
microcephaly, blindness, skull defects, spina bifida, and other deformities. Such exposure occurred in the past when radiation was used to treat cervical cancer.

Maternal Diabetes.

Among maternal conditions listed in Table 10-2 , diabetes mellitus is a common entity, and despite advances in antenatal obstetric monitoring and glucose
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control, the incidence of major malformations in infants of diabetic mothers stands between 6% and 10% in most series. Maternal hyperglycemia-induced fetal hyperinsulinemia results in 
increased body fat, muscle mass, and organomegaly (fetal macrosomia); cardiac anomalies, neural tube defects, and other central nervous system malformations are some of the major 

anomalies seen in diabetic embryopathy.[8] 



Multifactorial Causes

The genetic and environmental factors just discussed account for no more than half of human congenital anomalies. The causes of the vast majority of birth defects, including some 
relatively common disorders such as cleft lip and cleft palate, remain unknown. In these anomalies, it would appear that inheritance of a certain number of mutant genes and their 
interaction with the environment is required before the disorder is expressed. In the case of congenital dislocation of the hip, for example, depth of the acetabular socket and laxity of the 
ligaments are believed to be genetically determined, whereas a significant environmental factor is believed to be frank breech position in utero, with hips flexed and knees extended. The 
importance of environmental contribution to multifactorial inheritance is underscored by a dramatic reduction in the incidence of neural tube defects by periconceptional intake of folic acid 

in the diet.[9] [10] The approximate frequency of some common congenital anomalies in the United States is presented in Table 10-3 . Both temporal and regional variability are common in 
the reporting of many malformations. For example, between 1979 and 1989, there was a mean annual percent decrease in the incidence of anencephaly of 6.4 and a mean annual increase in 

the incidence of atrial septal defect of 22.0.[11] 

PATHOGENESIS OF CONGENITAL ANOMALIES

The pathogenesis of congenital anomalies is complex and still poorly understood, but certain general principles of  

TABLE 10-3 -- Approximate Frequency of the More Common Congenital Malformations in the United States

Malformation
Frequency per 10,000 Total 

Births

Clubfoot without central nervous system anomalies 25.7

Patent ductus arteriosus 16.9

Ventricular septal defect 10.9

Cleft lip with or without cleft palate •9.1

Spina bifida without anencephalus •5.5

Congenital hydrocephalus without anencephalus •4.8

Anencephalus •3.9

Reduction deformity (musculoskeletal) •3.5

Rectal and intestinal atresia •3.4

Adapted from James LM: Maps of birth defects occurrence in the U.S., birth defects monitoring program (BDMP)/CPHA, 1970–1987. Teratology 48:551, 1993.

 
developmental pathology are relevant regardless of the etiologic agent.

The timing of the prenatal teratogenic insult has an important impact on the occurrence and the type of anomaly produced ( Fig. 10-5 ). The intrauterine development of humans can be 
divided into two phases: (1) the embryonic period occupying the first 9 weeks of pregnancy and (2) the fetal period terminating at birth.

In the early embryonic period (first 3 weeks after fertilization), an injurious agent damages either enough cells to cause death and abortion or only a few cells, presumably allowing the 
embryo to recover without developing defects. Between the third and the ninth weeks, the embryo is extremely susceptible to teratogenesis, and the peak sensitivity during this period 
occurs between the fourth and the fifth weeks. During this period, organs are being crafted out of the germ cell layers. The fetal period that follows organogenesis is marked chiefly by the 
further growth and maturation of the organs, with greatly reduced susceptibility to teratogenic agents. Instead the fetus is susceptible to growth retardation or injury to already formed 



organs. It is therefore possible for a given agent to produce different anomalies if exposure occurs at different times of gestation.

Teratogens and genetic defects may act at several steps involved in normal morphogenesis. These include the following: [12] 

• Proper cell migration to predetermined locations that influence the development of other structures
• Cell proliferation, which determines the size and form of embryonic organs
• Cellular interactions among tissues derived from different structures (e.g., ectoderm, mesoderm), which affect the differentiation of one or both of these tissues
• Cell-matrix associations, which affect growth and differentiation
• Programmed cell death (apoptosis), which, as we have seen, allows orderly organization of tissues and organs during embryogenesis ( Chapter 1 )
• Hormonal influences and mechanical forces, which affect morphogenesis at many levels.

The complex interplay between environmental teratogens and intrinsic genetic defects is underscored by the fact that features of dysmorphogenesis caused by environmental insults can be 
recapitulated by certain genetic defects. This is exemplified in the relationship between the teratogen, retinoic acid (see below and Fig. 10-6 ), and two growth factors—transforming 
growth factor (TGF) and fibroblast growth factor (FGF)—both involved in morphogenesis. As discussed later, retinoic acid can induce defects in palatal development (cleft lip and cleft 
palate), possibly by impacting on multiple targets associated with secondary palatal development. In experimental models of retinoic acid teratogenesis, abnormal expression of TGF and 

FGF has been reported in the developing palate.[13] [14] Not unexpectedly, therefore, rare single gene mutations in one or more of these growth factors or their receptors may also cause 

palatal abnormalities. There is an association, for example, between rare mutations of the TGF-α gene and nonsyndromic cleft lip or cleft palate in humans;[15] in addition, loss of function 

of the epidermal growth factor receptor, which acts as a receptor for TGF-α, can result in abnormal palatogenesis.[16] Disruption of TGF-β3 in mice also results in cleft palate.[17] 
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Figure 10-5 Critical periods of development for various organ systems and the resultant malformations. (Modified and redrawn from Moore KL: The Developing Human, 5th ed. 
Philadelphia, WB Saunders, 1993, p. 156.) 



 

Figure 10-6 Schematic representation of the postulated role of retinoic acid in normal development, the general features of its deficiency (vitamin A deficiency) (left) and retinoic acid 
embryopathy (right). 1, Retinol in the maternal circulation is bound by retinol-binding protein (RBP), which is synthesized by the placenta and enters the fetal circulation. 2, Once in fetal 
cells, retinol is bound by cytoplasmic retinol-binding protein (CRBP), which (3) regulates the conversion to retinoic acid and metabolites. The retinoic acid either remains in the cytoplasm 
(bound to cytoplasmic/cellular retinoic acid-binding protein [CRABP]) or (4) enters the nucleus, where it is bound to nuclear retinoic acid receptors (RAR, RXR). The retinoic acid-receptor 
complex acts as a transcriptional regulator of various patterning genes (e.g., HOX) that have the appropriate retinoic acid response element (RARE). Expression of the binding proteins and 
receptors in various tissues and at various times during embryogenesis may be a mechanism of selectively modulating the action of retinoic acid. This differential expression may also 
explain the pattern of abnormalities seen in vitamin A deficiency and retinoic acid embryopathy. 



 

Figure 10-7 Diagrammatic representation of constitutional chromosomal mosaicism. A, Generalized. B, Confined to the placenta. C, Confined to the embryo. (Modified and redrawn from 
Kalousek DK: Confined placental mosaicism and intrauterine development. Pediatr Pathol 10:69, 1990.) 



 

Figure 10-8 Schematic diagrams of fetal lung maturation. 



 

TABLE 10-4 -- Evaluation of the Newborn Infant * 



Sign 0 1 2

Heart rate Absent Below 100 Over 100

Respiratory effort Absent Slow, irregular Good, crying

Muscle tone Limp Some flexion of extremities Active motion

Response to catheter in nostril (tested after 
oropharynx is clear)

No response Grimace Cough or sneeze

Color Blue, pale Body pink, extremities blue Completely pink

Data from Apgar V: A proposal for a new method of evaluation of the newborn infant. Anesth Analg 32:260, 1953.

*Sixty seconds after the complete birth of the infant (disregarding removal of the cord and placenta), the five objective signs are evaluated and each is given a score of 0, 1, or 2. A total 
score of 10 indicates an infant in the best possible condition. 
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risk for birth injury, in particular those involving the skeletal system and peripheral nerves. We briefly discuss only injuries involving the head because they are the most ominous.

Intracranial hemorrhages are the most common important birth injury. These hemorrhages are generally related to excessive molding of the head or sudden pressure changes in its shape 
as it is subjected to the pressure of forceps or sudden precipitate expulsion. Prolonged labor, hypoxia, hemorrhagic disorders, or intracranial vascular anomalies are important 
predispositions. The hemorrhage may arise from tears in the dura or from rupture of vessels that traverse the brain. The substance of the brain may be torn or bruised, leading to 
intraventricular hemorrhages or bleeding into the brain substance. The consequences of intracranial hemorrhages are mentioned later under germinal matrix hemorrhage.

Caput succedaneum and cephalhematoma are so common, even in normal uncomplicated births, that they hardly merit the designation birth injury. The first refers to progressive 
accumulation of interstitial fluid in the soft tissues of the scalp, giving rise to a usually circular area of edema, congestion, and swelling at the site where the head begins to enter the lower 
uterine canal. Hemorrhage may occur into the scalp, producing a cephalhematoma. Both forms of injury are of little clinical significance and are important only insofar as they must be 
differentiated from skull fractures with attendant hemorrhage and edema. In approximately 25% of cephalhematomas, there is an underlying skull fracture. Such skull fractures may occur 
in cases of precipitate delivery, inappropriate use of forceps, or prolonged labor with disproportion between the size of the fetal head and birth canal.

Perinatal Infections

Infections of the embryo, fetus, and neonate are manifested in a variety of ways and are mentioned as etiologic factors in numerous other sections within this chapter. Here we discuss only 
the general routes and timing of infections. In general, fetal and perinatal infections are acquired via one of two primary routes—transcervically (also referred to as ascending) or 
transplacentally (hematologic). Occasionally, infections occur by a combination of the two routes in that an ascending microorganism infects the endometrium and then the fetal 
bloodstream via the chorionic villi.

TRANSCERVICAL (ASCENDING) INFECTIONS

Most bacterial and a few viral (e.g., herpes simplex II) infections are acquired by the cervicovaginal route. Such infections may be acquired in utero or around the time of birth. In general, 



the fetus acquires the infection either by inhaling infected amniotic fluid into the lungs shortly before birth or by passing through an infected birth canal during delivery. As previously 
stated, preterm birth is often an unfortunate consequence and may be related either to damage and rupture of the amniotic sac as a direct consequence of the inflammation or to the 
induction of labor associated with a release of prostaglandins by the infiltrating neutrophils. Chorioamnionitis of the placental membranes and funisitis are usually demonstrable, although 
the presence or absence and severity of chorioamnionitis do not necessarily correlate with the severity of the fetal infection. In the fetus infected via inhalation of amniotic fluid, 
pneumonia, sepsis, and meningitis are the most common sequelae.

TRANSPLACENTAL (HEMATOLOGIC) INFECTIONS

Most parasitic (e.g., toxoplasma, malaria) and viral infections and a few bacterial infections (i.e., Listeria, Treponema) gain access to the fetal bloodstream transplacentally via the 
chorionic villi. This hematogenous transmission may occur at any time during gestation or occasionally, as may be the case with hepatitis B and HIV, at the time of delivery via maternal-
to-fetal transfusion. The clinical manifestations of these infections are highly variable, depending largely on the gestational timing and microorganism involved.

Some infections, such as those with parvovirus B19 (which causes fifth disease in the mother), may induce spontaneous abortion, stillbirth, hydrops fetalis, and congenital anemia.[40] 
While the virus can bind to different cell types, replication occurs only in erythroid cells, and diagnostic viral cytopathic effect can be recognized in late erythroid progenitor cells of 
infected infants ( Fig. 10-9 ).

The TORCH group of infections (see above) are grouped together because they may evoke similar clinical and pathologic manifestations, including fever, encephalitis, chorioretinitis, 
hepatosplenomegaly, pneumonitis, myocarditis, hemolytic anemia, and vesicular or hemorrhagic skin lesions. Such infections occurring early in gestation may also cause chronic sequelae 
in the child, including growth and mental retardation, cataracts, congenital cardiac anomalies, and bone defects.

ONSET OF SEPSIS

Perinatal infections can also be grouped clinically by whether they tend to result in early-onset (within the first 7 days of life) versus late-onset sepsis (from 7 days to 3 months). Most cases 
of early-onset sepsis are acquired at or shortly before birth and tend to result in clinical signs and symptoms of pneumonia, sepsis, and occasionally meningitis within 4 or 5 days of life. 
Group B streptococcus is the most common 

 
Figure 10-9 Bone marrow from an infant infected with parvovirus B19. The arrows point to two erythroid precursors with large homogeneous intranuclear inclusions and a surrounding 
peripheral rim of residual chromatin. 

 

Figure 10-10 Schematic outline of the pathophysiology of the respiratory distress syndrome (see text). 



 

Figure 10-11 Hyaline membrane disease. There is alternating atelectasis and dilation of the alveoli. Note the eosinophilic thick hyaline membranes lining the dilated alveoli. 



 

Figure 10-12 Necrotizing enterocolitis. A, Postmortem examination in a severe case of NEC shows the entire small bowel is markedly distended with a perilously thin wall (usually this 
implies impending perforation). B, The congested portion of the ileum corresponds to areas of hemorrhagic infarction and transmural necrosis microscopically. Submucosal gas bubbles 
(pneumatosis intestinalis) can be seen in several areas (arrows). 

 

Figure 10-13 Hydrops fetalis. There is generalized accumulation of fluid in the fetus. In B, fluid accumulation is particularly prominent in the soft tissues of the neck, and this condition 
has been termed cystic hygroma. Cystic hygromas are characteristically seen, but not limited to, constitutional chromosomal anomalies such as 45,X0 karyotypes. (Courtesy of Dr. Beverly 
Rogers, Department of Pathology, University of Texas Southwestern Medical Center, Dallas, TX.) 



 

TABLE 10-5 -- Selected Causes of Hydrops Fetalis (in decreasing order of frequency)

Cardiovascular

Malformations

Tachyarrhythmia

High-output failure

Chromosomal

Turner syndrome

Trisomy 21, trisomy 18

Thoracic Causes

Cystic adenomatoid malformation



Diaphragmatic hernia

Fetal Anemia

Homozygous alpha-thalassemia

Parvovirus B19

Immune hydrops (Rh and ABO)

Twin Gestation

Twin-to-twin transfusion

Infection (excluding parvovirus)

Cytomegalovirus

Syphilis

Toxoplasmosis

Major Malformations

Tumors

Metabolic disorders

Note: The cause of fetal hydrops may be undetermined ("idiopathic") in up to 20% of cases. Data from Machin GA: Hydrops, cystic hygroma, hydrothorax, pericardial effusions, and 
fetal ascites, In Gilbert-Barness E (ed): Potter's Pathology of Fetus and Infant. St. Louis, Mosby-Year Book, 1997.
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IMMUNE HYDROPS

Immune hydrops is defined as a hemolytic disease in the newborn caused by blood-group incompatibility between mother and child. When the fetus inherits red cell antigenic determinants 
from the father that are foreign to the mother, a maternal immune reaction may occur, leading to hemolytic disease in the infant. Any of the numerous red cell antigenic systems may 
theoretically be involved, but the major antigens known to induce clinically significant immunologic disease are the ABO and certain of the Rh antigens. The incidence of immune hydrops 
in urban populations has declined remarkably, owing largely to the current methods of preventing Rh immunization in at-risk mothers. Successful prophylaxis of this disorder has resulted 
directly from an understanding of its pathogenesis.

Etiology and Pathogenesis.

The underlying basis of immune hydrops is the immunization of the mother by blood group antigens on fetal red cells and the free passage of antibodies from the mother through the 
placenta to the fetus ( Fig. 10-14 ). Fetal red cells may reach the maternal circulation during the last trimester of pregnancy, when the cytotrophoblast is no longer present as a barrier, or 
during childbirth itself. The mother thus becomes sensitized to the foreign antigen.

Of the numerous antigens included in the Rh system, only the D antigen is the major cause of Rh incompatibility. Several 



 
Figure 10-14 Pathogenesis of immune hydrops fetalis (see text). 

 

Figure 10-15 Numerous islands of extramedullary hematopoiesis (small blue cells) are scattered among mature hepatocytes in this infant with nonimmune hydrops fetalis. 



 

Figure 10-16 Kernicterus. Severe hyperbilirubinemia in the neonatal period, for example, secondary to immune hemolysis, results in deposition of bilirubin pigment in the brain 
parenchyma. This occurs because the blood-brain barrier is less well developed in the neonatal period than it is in adulthood. Infants who survive develop long-term neurologic sequelae. 

 

TABLE 10-6 -- Abnormalities Suggesting Inborn Errors of Metabolism

General

Dysmorphic features






















































































































