
Pathological fracture in a patient with dehydration and hypercalcemia 

A 63-year-old African American woman is brought to the emergency room for upper arm pain and swelling
following a fall at home. The family has noted that for approximately the past 2 months, the patient has become
progressively fatigued and absentminded, and she has developed loss of appetite and weight loss. She has been
getting up to urinate several times per night and complains of thirst; however, a test for diabetes in her doctor’s
office was negative. This morning, she lost her balance because she felt “lightheaded” and fell, landing on her left
arm. She recently had frequent respiratory infections.
Physical examination is notable for an elderly, thin woman in mild distress as a result of pain. She is afebrile, and
her blood pressure is 110/70 mm Hg and heart rate 80 bpm. Her thyroid gland is normal to palpation. Her mucous
membranes are somewhat dry and sticky. Heart and lung examinations are normal, and carotid auscultation
reveals no bruits. Examination of her extremities is significant only for deformity of the left mid-humerus with
swelling. The left radial pulse is 2+ and symmetric. The radiologist calls you to confirm the fracture of the mid-left
humerus but also states that there is the suggestion of some lytic lesions of the proximal humerus and
recommends a skull film (see Figure 36–1). Serum creatinine level is 2.1 mg/dL, with normal electrolyte and
glucose concentrations, but serum calcium level is 13 mg/dL and hemoglobin level is 9.2 g/dL.

What is the most likely diagnosis?

What is the most likely underlying etiology in this patient?

What is your next therapeutic step?

What would be the next step regarding diagnosis?
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Pathological fracture in a patient with dehydration and hypercalcemia
A 63-year-old African American woman is brought to the emergency room for upper arm pain and swelling following a fall
at home. The family has noted that for approximately the past 2 months, the patient has become progressively fatigued
and absentminded, and she has developed loss of appetite and weight loss. She has been getting up to urinate several
times per night and complains of thirst; however, a test for diabetes in her doctor’s office was negative. This morning, she
lost her balance because she felt “lightheaded” and fell, landing on her left arm. She recently had frequent respiratory
infections.
Physical examination is notable for an elderly, thin woman in mild distress as a result of pain. She is afebrile, and her blood
pressure is 110/70 mm Hg and heart rate 80 bpm. Her thyroid gland is normal to palpation. Her mucous membranes are
somewhat dry and sticky. Heart and lung examinations are normal, and carotid auscultation reveals no bruits.
Examination of her extremities is significant only for deformity of the left mid-humerus with swelling. The left radial pulse
is 2+ and symmetric. The radiologist calls you to confirm the fracture of the mid-left humerus but also states that there is
the suggestion of some lytic lesions of the proximal humerus and recommends a skull film (see Figure 36–1). Serum
creatinine level is 2.1 mg/dL, with normal electrolyte and glucose concentrations, but serum calcium level is 13 mg/dL
and hemoglobin level is 9.2 g/dL.
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What is the most likely diagnosis? Hypercalcemia with
pathologic fracture of the left humerus.
What is the most likely underlying etiology in this
patient? Multiple myeloma.
What is your next therapeutic step? Initial therapy of
the hypercalcemia with intravenous (IV) fluids could be
started in the emergency room.
What would be the next step regarding diagnosis?
Serum and urine electrophoresis would help to identify
the presence of a monoclonal gammopathy. Normal
serum parathyroid hormone (PTH) and parathyroid
hormone-related protein (PTHrP) levels would exclude
other causes of hypercalcemia . Treatment then can be
aimed at the underlying cause .

Bony lesions in multiple myeloma. The skull demonstrates the typical
“punched out” (lesioni a stampo) lesions characteristic of multiple myeloma.
The lesion represents a purely osteolytic lesion with little or no osteoblastic
activity. Bone scintigraphy has a low sensitivity.







Causes of hypercalcemia
Parathyroid mediated

Primary hyperparathyroidism (sporadic) 
Inherited variants
Multiple endocrine neoplasia (MEN) syndromes
Familial isolated hyperparathyroidism
Tertiary hyperparathyroidism (renal failure) 

Non-parathyroid mediated
Hypercalcemia of malignancy
PTHrp
Osteolytic bone metastases and local cytokines
Vitamin D intoxication

Chronic granulomatous disorders
Activation of extrarenal 1 alpha-hydroxylase (increased calcitriol) 

Medications: Thiazide diuretics, Lithium
Miscellaneous: Hyperthyroidism, Acromegaly,  Immobilization, Parenteral nutrition,  
Milk alkali syndrome











Serum and urine protein  electrophoresis 
from a 65-year-old woman with plasma cell 
myeloma





Bony lesions in multiple myeloma. The skull demonstrates the typical
“punched out” (lesioni a stampo) lesions characteristic of multiple myeloma.
The lesion represents a purely osteolytic lesion with little or no
osteoblastic activity. Bone scintigraphy has a low sensitivity.



The Tamm–Horsfall mucoprotein , also known as uromodulin, is the
most abundant protein excreted in ordinary urine. Uromodulin is secreted
by renal tubular cells. It is the matrix of urinary casts and contributes to
formation of calcium-containing kidney stones.



myeloma kidney or myeloma cast nephropathy























• Immunocompromised patients have defects in their
natural defense mechanisms resulting in an increased risk
for infection.

• infection is often severe, rapidly progressive, and life
threatening.

• Organisms that are not usually problematic in the
immunocompetent person may be important pathogens in
the compromised patient (eg, Staphylococcus
epidermidis, Corynebacterium jeikeium,
Propionibacterium acnes, Bacillus species).

• Therefore, culture results must be interpreted with
caution, and isolates should not be disregarded as merely
contaminants.



A. Impaired Humoral Immunity
(hypogammaglobulinemia)

• Congenital
• Acquired  (multiple myeloma, chronic lymphocytic 

leukemia, splenectomy).

Patients with ineffective humoral immunity lack opsonizing
antibodies and are at particular risk for infection with
encapsulated organisms, such as Haemophilus influenzae,
Neisseria meningitides, and Streptococcus pneumoniae.
Although rituximab is normally thought of as being linked to
impaired cellular immunity, it has been associated with the
development of Pneumocystis jirovecii infection as well as with
hepatitis B reactivation.



B. Granulocytopenia (Neutropenia)
hematopoietic cell transplantation, myelosuppressive
chemotherapy, acute leukemias. 
Infection risk→ granulocyte <1000/mcL, (great 
risk<100/mcL)

The granulocytopenic patient is particularly susceptible to 
infections with gram-negative enteric organisms, 
Pseudomonas, gram-positive cocci (particularly
Staphylococcus aureus, S epidermidis, and 
viridansstreptococci), Candida, Aspergillus, and other fungi 
that have recently emerged as pathogens such as 
Trichosporon, Scedosporium, Fusarium, and the 
mucormycoses.



C. Impaired Cellular Immunity
HIV infection; lymphoreticular malignancies (Hodgkin disease); 
immunosuppressive medications (prolonged high-dose 
corticosteroid treatment, cyclosporine, tacrolimus, and other 
cytotoxic drugs as in patients receiving therapy for organ 
transplantation or solid tumors- Tumor necrosis factor (TNF) 
inhibitors (etanercept and infliximab).

Patients with cellular immune dysfunction are susceptible to infections by a large 
number of organisms, particularly ones that replicate intracellularly. Examples include 
bacteria, such as Listeria, Legionella, Salmonella, and Mycobacterium; viruses, such 
as herpes simplex, varicella,
and CMV; fungi, such as Cryptococcus, Coccidioides, Histoplasma, and 
Pneumocystis; and protozoa, such as Toxoplasma. Patients taking TNF inhibitors 
have specific defects that increase risk of bacterial, mycobacterial (particularly 
tuberculosis), and fungal infections (primary
and reactivation).



D. Hematopoietic Cell Transplant Recipients
E. Solid Organ Transplant Recipients
F. Other Immunocompromised States
A large group of patients who are not specifically immunodeficient
are at increased risk for infection due to:
debilitating injury (eg, burns or severe trauma), invasive procedures
(eg, chronic central intravenous catheters, Foley catheters, dialysis
catheters), central nervous system dysfunction (which predisposes
patients to aspiration pneumonia and decubitus ulcers), obstructing
lesions (eg, pneumonia due to an obstructed bronchus,
pyelonephritis due to nephrolithiasis, cholangitis secondary to
cholelithiasis), use of broadspectrum antibiotics.
Diabetes mellitus (alterations in cellular immunity, resulting in
mucormycosis, emphysematous pyelonephritis, and foot infections).



Prevention
There is great interest in preventing infection with prophylactic  
antimicrobial regimens but no uniformity of opinion about 
optimal drugs or dosage regimens. 
Hand washing is the simplest and most effective means of 
decreasing hospital associated
infections, especially in the compromised patient. 
Invasive devices such as central and peripheral lines and Foley 
catheters are potential sources of infection.
Colony stimulating factors decrease rates of infection and 
episodes of febrile neutropenia, but not mortality, during 
chemotherapy or during stem-cell transplantation.















Le molecole delle Immunoglobuline (gli anticorpi) sono proteine composte da due catene
peptidiche "pesanti" identiche unite a due catene "leggere" identiche.
Esistono cinque tipi diversi di catene pesanti (che determinano la classe dell'immunoglobulina,
IgG, IgA, IgM, IgE, IgD) ma solo due tipi di catene leggere, k (kappa) e λ (lambda).
La capacità di riconoscere e legare l'antigene è dovuta alla parte terminale (regione variabile) sia
delle catene pesanti che di quelle leggere. Normalmente una piccola quantità di catene leggere
in eccesso rispetto alle pesanti viene prodotta dai linfociti del sistema immunitario: queste
catene che non si combinano a formare immunoglobuline complete vengono rilasciate nel
sangue e lasciate passare in piccola quantità dai reni nelle urine.
L'aumento di concentrazione nel sangue delle catene leggere k o λ può essere di due tipi:
policlonale o monoclonale. Policlonalità significa che le catene leggere presenti sono quelle
prodotte da tutti gli insiemi (cloni) di linfociti che producono tutto il repertorio di anticorpi,
meccanismo di difesa specifico dell'organismo. Un aumento di catene leggere policlonali può
essere dovuto a un danno renale, che ne diminuisce la capacità di metabolizzarle ed eliminarle:
entrambi i tipi k e λ aumentano, perciò il loro rapporto rimane invariato. Invece, un aumento di
concentrazione di catene leggere monoclonali deriva da un eccesso di produzione di catene di un
solo tipo ad opera di un unico clone di linfociti, che prolifera oltre i suoi limiti normali (come nel
caso del mieloma multiplo, della macroglobulinemia di Waldestroem, ecc.).
Tradizionalmente, le patologie delle plasmacellule vengono diagnosticate usando l’ elettroforesi
delle proteine sieriche e urinarie (SPEP/UPEP), seguita dall’ immunofissazione sierica (IFE) per
determinare quale tipo di immunoglobulina sia presente in eccesso. Può essere prescritto anche
un esame del sangue per misurare la concentrazione delle immunoglobuline intatte (IgG, IgM,
IgA).
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Macrophages obtained from granulomatous tissue convert 25(OH)D to 1,25(OH)2D at an increased rate.
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Clinical features of hypercalcemia 

Symptoms†  Signs†  
 

None* (~60%) 

Cardiovascular 
 Hypertension (~50%) 

 

Neurological and ophthalmological 
Malaise and fatigue (~30%) Mental obtundation (~5%) 

Depression (~30%) Dementia (~5%) 
Muscle weakness (~10%) Band keratopathy+ (~<1%) 
 Cognitive impairment (~5%) 
 Coma (~<1%) 
Gastrointestinal 
Constipation (~30%) Epigastric tenderness (~5%) 
Anorexia (~30%)  
Nausea and vomiting (~10%)  

Renal 
Polydipsia (~30%)  

Polyuria (~30%)  
Renal colic (~10%)  

Rheumatological 
Joint pains (~10%) Joint swelling (~1%) 
Bone pains (~10%) Bone deformity (~<1%) 
 Fractures (~<1%) 

 
* Most patients with hypercalcemia are now picked up on routine testing with few symptoms and even fewer signs. 
† The frequency of symptoms and signs is dependent on the degree of hypercalcemia and its cause, so the percentage 
frequencies are very approximate. 
+ An ophthalmological sign seen only in very severe cases 

 



















Cause di IPOCALCEMIA
Iperfosfatemia
Insufficienza renale cronica
Rabdomiolisi
Lisi tumorale

Ipoparatiroidismo primitivo
Chirurgico (transitorio o permanente)
Idiopatico(autoimmune)

Pseudoipoparatiroidismo (resistenza all’azione del paratormone)

Deficit o resistenza alla vitamina D (Osteomalacia)

Pancreatite

Metastasi osteoblastiche

Pseudo ipocalcemia
Riduzione dell’albumina sierica



Clinical manifestations of hypocalcemia 
disturbances in cellular membrane potential, resulting in neuromuscular irritability. 

• encephalopathy should be suspected in a patient with unexplained dementia, depression, or psychosis. 
• Muscle cramps, tetany, laryngospasm, or generalized seizures characteristically results from severe 

hypocalcemia but can result from reduction in the ionized fraction of plasma Ca without marked 
hypocalcemia, as occurs in severe alkalosis. Tetany is characterized by sensory symptoms consisting of 
paresthesias of the lips, tongue, fingers, and feet; carpopedal spasm, which may be prolonged and 
painful; generalized muscle aching; and spasm of facial musculature. Tetany may be overt with 
spontaneous symptoms or latent and requiring provocative tests to elicit. Latent tetany generally occurs at 
less severely decreased plasma Ca concentrations: 7 to 8 mg/dL (1.75 to 2.20 mmol/L).

• Chvostek's and Trousseau's signs are easily elicited at the bedside to identify latent tetany. Chvostek's sign 
is an involuntary twitching of the facial muscles elicited by a light tapping of the facial nerve just anterior 
to the exterior auditory meatus. It is present in ≤ 10% of healthy people and in most people with acute 
hypocalcemia but is often absent in chronic hypocalcemia. Trousseau's sign is the precipitation of 
carpopedal spasm by reduction of the blood supply to the hand with a tourniquet or BP cuff inflated to 20 
mm Hg above systolic BP applied to the forearm for 3 min. Trousseau's sign also occurs in alkalosis, 
hypomagnesemia, hypokalemia, and hyperkalemia and in about 6% of people with no identifiable 
electrolyte disturbance.

• Arrhythmia or heart block occasionally develops in patients with severe hypocalcemia. In hypocalcemia, 
the ECG typically shows prolongation of the QTc and ST intervals. Changes in repolarization, such as T-
wave peaking or inversion, also occur.

• chronic hypocalcemia, such as dry and scaly skin, brittle nails, and coarse hair. Candida infections
occasionally occur in hypocalcemia but most commonly occur in patients with idiopathic 
hypoparathyroidism. Cataracts occasionally occur with long-standing hypocalcemia











Pathological fracture in a postmenopausal woman

A 75-year-old white woman presents to the emergency room with right wrist pain after a fall
at home. She tripped and fell while preparing dinner, and she says that she tried to stop her
fall with her outstretched right hand. She heard a “snap” and felt immediate pain. Her
medical history is remarkable only for three normal pregnancies, menopause at age 50
years, and hypertension that is well controlled with diuretics. She has a 50-pack-year history
of smoking. Her weight is 45 kg, and her height is 168 cm (BMI, 16 kg/m2). Her examination
is remarkable for normal vital signs; a swollen, deformed right distal forearm and wrist, with
limited mobility because of pain; and good radial pulses and capillary refill in the right
fingernail beds. An x-ray confirms a fracture of the right radial head, and the radiologist
notes osteopenia.

What risk factor for fracture is this woman likely to have?
What are the causes of this condition?
What can her physician offer her to prevent future fractures?

CFIM n° 51



Pathological fracture in a postmenopausal woman
A 75-year-old white woman presents to the emergency room with right wrist pain after a fall
at home. She tripped and fell while preparing dinner, and she says that she tried to stop her
fall with her outstretched right hand. She heard a “snap” and felt immediate pain. Her
medical history is remarkable only for three normal pregnancies, menopause at age 50
years, and hypertension that is well controlled with diuretics. She has a 50-pack-year history
of smoking. Her weight is 45 kg, and her height is 168 cm (BMI, 16 kg/m2). Her examination
is remarkable for normal vital signs; a swollen, deformed right distal forearm and wrist, with
limited mobility because of pain; and good radial pulses and capillary refill in the right
fingernail beds. An x-ray confirms a fracture of the right radial head, and the radiologist
notes osteopenia.
What risk factor for fracture is this woman likely to have? Osteoporosis
What are the causes of this condition? Decreased bone strength as a consequence of
demineralization and increased bone turnover as a result of decreased levels of sex steroids
(estrogen and testosterone), medications, other hormonal conditions, or diseases of
decreased calcium absorption. Additional risk factors: smoking and malnutrition
What can her physician offer her to prevent future fractures? Several medications are
available to increase bone density (biphosphonates), which may decrease the risk of future
fractures. Also, her physician would want to work with her to prevent future falls by limiting
unnecessary medications that may cause instability, making changes in the home
environment, and evaluating her gait, visual acuity, and peripheral sensory system. The
patient should be advised to quit smoking.
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Back pain



Vitamin D sufficiency is estimated by
measuring 25-hydroxyvitamin D (25[OH]D or
calcidiol) concentrations. The range of
common agreement is 30 to 40 ng/mL (75
to 100 nmol/L). Experts agree that levels
lower than 20 ng/mL are suboptimal for
skeletal health.
We suggest supplementation with
cholecalciferol rather than ergocalciferol
when available.

●Vitamin D3 (cholecalciferol) is available in
400, 800, 1000, 2000, 5000, 10,000, and
50,000 unit capsules. It is available in some
countries as an intramuscular injection,
which can be extremely painful.

●Vitamin D2 (ergocalciferol) is available for
oral use in 400 and 50,000 unit capsules or
in a liquid form (8000 unit/mL [200
mcg/mL]).





BMD screening by dual-energy x-ray absorptiometry
• In all women 65 years of age and older (Grade 2B).

• In postmenopausal women less than 65 years if one or more risk
factors are present (Grade 2B).

• Do not perform routine BMD measurements in premenopausal women
(Grade 2C)

• Do not perform routine BMD measurements in all men (Grade 2C), but
do measure BMD in men who have clinical manifestations of low bone
mass, such as radiographic osteopenia, history of low trauma fractures,
and loss of more than 1.5 inches in height, as well as in those with risk
factors for fracture, such as long-term glucocorticoid therapy, androgen
deprivation therapy for prostate cancer, hypogonadism, primary
hyperparathyroidism, hyperthyroidism, and intestinal disorders.

• Advancing age

• Previous fracture

• Glucocorticoid therapy

• Parental history of hip fracture

• Low body weight

• Current cigarette smoking

• Excessive alcohol consumption

• Rheumatoid arthritis

• Secondary osteoporosis (eg,
hypogonadism or premature menopause,
malabsorption, chronic liver disease,
inflammatory bowel disease)

Clinical risk factors for fracture















Clinical manifestations and diagnosis of Paget disease of bone (UpToDate)
● Paget disease of bone (PDB) is a fairly common finding in aging bone; it is often asymptomatic. Its onset is typically after age 55, with a
slight predominance in men. It is common in England, Scotland, Central Europe, and Greece, as well as in countries and cities settled by
European immigrants. Within these countries, there are geographical clusters of disease. Estimates of prevalence in some populations range
from 3 percent in patients over 40 to up to 9 percent in older adults.

● PDB is characterized by abnormalities of the osteoclast; there are accelerated bone turnover and abnormal bone remodeling. Both genetic
and environmental causes are thought to contribute to its pathogenesis.

● The majority of patients with PDB are asymptomatic. Symptoms are usually due to overgrowth of the affected bone. Pain may arise
directly, from a pagetic lesion in bone, or from secondary causes, including osteoarthritis, fracture, nerve impingement, or, rarely, tumor.
Paget disease has a predilection for the skull, thoracolumbar spine, pelvis, long bones of the lower extremities. The common clinical
manifestations include bone pain or chronic back pain, bone deformities, and arthritis, and depend upon the region involved.

● Osteosarcoma is a rare, usually fatal complication of PDB.

● Laboratory findings, which reflect increased bone turnover and are typical of untreated disease, include elevated levels of serum alkaline
phosphatase (sAP) and bone-specific alkaline phosphatase (bAP). The degree of elevation generally reflects the extent and activity of the
disease. Serum calcium and phosphorus are normal in most patients.

● Plain radiographs reflect the abnormal bone turnover characteristic of disease. A predominantly osteolytic lesion may be seen early in
disease. Over time, however, there is evidence of an osteoblast response, and the bone thickens and enlarges, with thickened cortices
marked by tunneling and accentuated trabeculae at one or more affected skeletal sites. In late disease, there may be dense bone by plain
film, with little evidence of remodeling by biochemical parameters.

● Bone scintigraphy is more sensitive than plain radiography, particularly in early disease. Increased uptake is seen focally at the sites of
active pagetic bone lesions on radionuclide bone scanning.

● Diagnosis of PDB in patients with clinical or laboratory findings suggestive of disease is confirmed by the demonstration of characteristic
radiographic changes. In most patients, the sAP is elevated, and additional tests of bone turnover are not required. We obtain a baseline
radionuclide bone scan to document the extent and locations of skeletal involvement; we perform radiographs of affected sites to identify
impending fractures, potential malignant lesions, osteoarthritis, or other bone abnormalities.

● PDB occurs in an aging population that also has an increased prevalence of malignancy, osteoarthritis, and osteoporosis.



Treatment of Paget disease of bone (UpToDate)

●The goals of pharmacologic treatment for Paget disease are to ease pain and to normalize the
rate of bone remodeling. Success of treatment is generally assessed by periodic monitoring of
the alkaline phosphatase.
●Symptoms and findings that may respond to pharmacologic treatment in patients with active
disease include bone pain, symptoms of nerve compression, and radiographic findings of
osteolytic bone lesions.
●Although unproven, treatment with nitrogen-containing bisphosphonates is generally
expected to prevent the long-term complications of disease, such as pathologic fractures,
skeletal deformity, secondary osteoarthritis, and neurologic disorders including deafness.
●When treatment for Paget disease is indicated, we recommend a nitrogen-containing
bisphosphonate as first-line therapy (Grade 1A).

●In symptomatic patients, we recommend treatment if the alkaline phosphatase level is elevated (Grade 1A). We also suggest treatment in symptomatic
patients if the alkaline phosphatase level is normal but there is evidence of active disease on bone scintigraphy (Grade 2B).
●In asymptomatic patients with active disease (as determined by bone scintigraphy or an increased alkaline phosphatase):
•We suggest treatment if disease is present at sites where complications could occur (eg, skull, spine, weightbearing bones, abutting joint lines) (Grade
2B).
•We suggest treatment if bone surgery is planned on sites with active disease or if the alkaline phosphatase is greater than twice the upper limit of
normal (Grade 2C).
●Potential side effects of bisphosphonates include an acute phase response lasting several days, which occurs most commonly but not exclusively with
the intravenous medications on initial administration and which can be treated with acetaminophen or nonsteroidal antiinflammatory drugs (NSAIDs).
●In older patients or in those with more extensive disease, we suggest treatment with zoledronic acid (zoledronate) rather than an oral
bisphosphonate (Grade 2B).
●In younger patients or in those with less extensive disease, the choice of nitrogen-containing bisphosphonate can be based upon patient preference for
intravenous or oral therapy, availability, and cost.
●In the rare patient intolerant of both parenteral and oral bisphosphonates, we suggest treatment with calcitonin (Grade 2C).
●In all patients who will be treated with bisphosphonates, normal serum levels of calcium and 25-hydroxyvitamin D (calcidiol) should be documented,
and supplemental vitamin D (800 international units daily) and calcium supplements (1200 mg/day of elemental calcium) should be given to avoid
hypocalcemia.
●Because of a small but undetermined level of risk for osteonecrosis of the jaw (ONJ) in association with bisphosphonate use in Paget disease, planned
invasive dental work, such as extractions or implants, should be performed at least three to six months prior to institution of bisphosphonate therapy
whenever possible. (See 'Side effects of bisphosphonates' above.)
●Indications for retreatment with bisphosphonates generally depend upon evidence of increased or recurrent abnormal bone turnover as determined
by periodic serial measurements of serum alkaline phosphatase, radiographic progression of disease, or recurrent pain. New symptoms, which may
respond to retreatment if due to Paget disease, should be distinguished from secondary or unrelated changes that are not caused by current disease
activity.


















