
The spleen is located in the left upper quandrant of the abdomen beneath
the left hemidiaphragm and lateral to the greater curvature of the stomach. Causes of splenomegaly: 

• Congestive
• Infective
• Inflammatory
• Neoplastic, 
• Infiltrative non-

neoplastic
• Haematological

hypersplenic states

Length
< 13 cm

Width
< 5 cm

How do you differentiate 
the spleen from the 
kidney on abdominal 
examination?
• You can’t get above 

the spleen (ribs overly 
it)

• The spleen moves 
towards RIF with 
inspiration, the kidney 
moves posterior only 
(if at all)

• The spleen is not 
ballotable like the 
kidney



Congestive
Cirrhosis
Heart failure
Thrombosis of portal, hepatic, or splenic veins
Malignancy
Lymphoma, usually indolent variants
Acute and chronic leukemias
Polycythemia vera
Multiple myeloma and its variants
Essential thrombocythemia
Primary myelofibrosis
Primary splenic tumors
Metastatic solid tumors
Infection
Viral – hepatitis, infectious mononucleosis, cytomegalovirus
Bacterial – salmonella, brucella, tuberculosis
Parasitic – malaria, schistosomiasis, toxoplasmosis, leishmaniasis
Infective endocarditis
Fungal
Inflammation
Sarcoid
Serum sickness
Systemic lupus erythematosus
Rheumatoid arthritis (Felty syndrome)
Infiltrative, nonmalignant
Gaucher's disease
Niemann-Pick disease
Amyloid
Other lysosomal storage diseases (eg, mucopolysaccharidoses)
Langerhans cell histiocytosis
Hemophagocytic lymphohistiocytosis
Rosai-Dorfman disease
Hematologic (hypersplenic) states
Acute and chronic hemolytic anemias, all etiologies
Sickle cell disease (children)
Following use of recombinant human granulocyte colony-stimulating factor

Major causes of splenomegaly

Associations of splenomegaly:
• with fever 
• with lymphadenopathy 
• with purpura
• with arthritis 
• with ascites 
• with a murmur
• with anaemia
• with weight loss 
• massive splenomegaly



Major causes of splenomegaly



Hypersplenism — Normally, about one-third
of the platelet mass is sequestered in the
spleen, where it is in equilibrium with
circulating platelets. Splenic sequestration of
platelets can be increased to 90 percent in
cases of extreme splenomegaly, although
total platelet mass and overall platelet
survival remain relatively normal.



In patients with chronic liver disease, circulating TPO levels are
decreased due to impaired production and secretion and
increased internalization and degradation by platelets
sequestered in the enlarged spleen. Reduced TPO levels result in
decreased megakaryocyte stimulation and platelet production.

Hypersplenism, which is the
increased pooling of platelets in
a spleen enlarged by congestive
splenomegaly secondary to
portal hypertensionInadequate production of platelets due to bone marrow suppression in

selected cases may also play a crucial role in the development of
thrombocytopenia in cirrhosis. Possible etiologies include suppression by
viruses, alcohol, iron overload, and medications.

Thrombocytopenia in liver cirrhosis Thrombopoietin physiology

The mechanism by which TPO regulates platelet production from
megakaryocytes. TPO (size of large arrows indicates relative concentration)
is produced constitutively by the liver and enters the circulation. Left side:
When the platelet count is normal, high affinity TPO receptors on the
platelets clear most of the TPO and produce a normal plasma TPO
concentration, thereby providing basal stimulation of bone marrow
megakaryocytes and a normal rate of platelet production. Right side: When
platelet production and the platelet count are low, the overall clearance of
TPO is reduced, subsequently increasing the plasma TPO concentration and
megakaryocyte and platelet production.



Lysosomal Storage Diseases: Gaucher’s disease
This is the most prevalent lysosomal storage disease and is due to a
deficiency in glucocerebrosidase, a specialized lysosomal acid β-
glucosidase. This results in accumulation of glucosylceramide in the
lysosomes of the reticuloendothelial system, particularly the liver,
bone marrow and spleen.
Over 200 mutations have been characterized in the
glucocerebrosidase gene (1g21), the most common being a single
base change (N370S) causing the substitution of arginine for serine;
this is seen in 70% of Jewish patients. The typical Gaucher cell, a
glucocerebroside-containing reticuloendothelial histiocyte, is found in
the bone marrow, producing many cytokines such as CD14.
1. There are three clinical types, the most common presenting in

childhood or adult life with an insidious onset of
hepatosplenomegaly (Type 1). There is a high incidence in
Ashkenazi Jews (1 in 3000 births), and patients have a
characteristic pigmentation on exposed parts, particularly the
forehead and hands. The clinical spectrum is variable, with
patients developing anaemia and thrombocytopenia, evidence of
hypersplenism and pathological fractures that are due to bone
involvement. Nevertheless, many have a normal life-span. The
diagnosis is made on finding reduced glucocerebrosidase in
leucocytes. Mutational analysis will confirm the diagnosis. Plasma
chitotriosidase (an enzyme secreted by activated macrophages) is
grossly elevated in Gaucher’s disease and other lysosomal
disorders: it is used to monitor enzyme replacement therapy.

2. Acute Gaucher’s disease (Type 2) presents in infancy with rapid
onset of hepatosplenomegaly, with neurological involvement
owing to the presence of Gaucher cells in the brain. The outlook is
very poor.

3. Type 3 presents in childhood or adolescence with a variable
progression of hepatosplenomegaly, neurodegeneration and
bone disease. Again, the outlook is poor.

Some patients with non-neuropathic (Type 1) Gaucher’s disease show
considerable improvement with infusion of human recombinant
glucocerebrosidase (imiglucerase – a human recombinant enzyme).
Velaglucerase alfa is also used. Oral miglustat (an inhibitor of
glucosylceramide synthase) is used for mild to moderate type 1
Gaucher’s disease.



Leishmaniasis
Leishmania are protozoa that cause granulomata. They are spread by sandflies in Africa, India, Latin America, southern
USA, Middle East/Mediterranean. Clinical effects reflect: the ability of each species to induce or suppress the immune
response, to metastasize, and to invade cartilage.
Cutaneous leishmaniasis (oriental sore) affects >300,000 people, eg in Africa, India and S. America. Lesions develop at
the bite site, beginning as an itchy papule; crusts fall off to leave an ulcer (Chiclero’s ulcer). Most heal in ~2 (Old World
disease) to 15 months, with scarring (disfi guring if extensive). Diagnosis: microscopy and culture of aspiration from the
base of the ulcer. Therapy: topical paromomycin, or IM drugs if unhealed by 6 months or lesion >5cm across (or multiple).
Mucocutaneous leishmaniasis occurs in S America. Primary skin lesions may spread to the mucosa of the nose, pharynx,
palate, larynx, and upper lip and cause severe scarring.

Visceral leishmaniasis (VL) (kala-azar, means black sickness) is the 2nd most deadly parasitic disease in the world after malaria (50,000 deaths/year). It occurs in
Asia, Africa, S America and Mediterranean areas. Incubation: months to years. Protozoa spread via lymphatics from minor skin lesions and multiply in macrophages
of the reticuloendothelial system. There are 30 subclinical cases for every overt case. It can be HIV-associated. Signs: Dry, warty, hyperpigmented skin lesions;
increased T°; sweats; burning feet; arthralgia; cough; epistaxis; abdo pain; splenomegaly (96%); hepatomegaly (63%); lymphadenopathy; emaciation; pancytopenia;
hypergammaglobulinaemia. Diagnosis: microscopic exam of lymph nodes, bone marrow or spleen are confirmatory. Ab-detection: Indirect fluorescence antibody
(IFA), ELISA, western blot, direct agglutination test (DAT) and RK39-based immunochromatographic test (ICT). Serology limitations: 1 Ab levels are detectable for
years after cure, so cannot diagnose VL relapse. 2 Tests are +ve in many with no history of VL. Serology may be –ve if HIV +ve. Ag-detection: detects heat-stable Ag
by latex agglutination. Therapy: Liposomal amphoterin B (1st-line in Europe/USA), or miltefosine (1st eff ective oral drug for VL; 0.75–1.2mg/kg/12h PO for 28d).
Post kala-azar dermal leishmaniasis: Years after successful therapy, lesions resemble leprosy.

Da un quadro generale sud-europeo, l’Italia ha presentato negli 
anni il maggior numero assoluto di casi (~80-215/anno).
L. Gradoni, Istituto Superiore di Sanità, Roma, Italia 

Pappataci



A 22 year old man presents with fever for 10 days, in association with chills and sweating. One month ago, he returned from a trip to Ecuador,
where he consumed the local food and water, traveled in the jungle, swam in a local lake, and received many insect bites. He had been
vaccinated against hepatitis B and yellow fever before the trip. His medical history is unremarkable. He has a single stable sexual partner and
denies using recreational drugs.

Tropical (Malaria)

Select Relevant Investigations

Full Blood Count Hb: 11.9 g/dL (12-18.5) Hct: 43.2 
WBC: 5,000/mm3 (5,000-10,500) N: 84%, L: 10% 
Platelets 92,000/mm3 (150,000-500,000)

Liver Profile Bilirubin 1.3 mg/dL (0.1-1.0) Albumin
4.4 g/dL (3.5-5.0) Total Protein 6.8 g/dL AST 82 U/L 
(8-48) ALT 97 U/L (7-55) GGT 52 U/L (9-48)

Antigen-detecting malaria rapid diagnostic tests
(RDT): positive  

Blood for Malaria Parasites Both thin and thick
smears of peripheral blood show malarial parasites
with a red nucleus and blue cytoplasm, within
enlarged red cells.

Screen Contacts 

(+) Chloroquine 

(+) Primaquine
Clindamycin



Diagnosis and reasoning
The febrile patient with a recent history of travel to a developing nation presents a unique diagnostic challenge for physicians in developed
countries, as they may need to consider diseases which they are not necessarily familiar with. This problem is exacerbated by the fact that
many of these patients present with vague and non-specific symptoms, which could potentially be caused by any one of a myriad of different
infectious diseases. However, a careful and detailed history is often capable of making sense out of chaos, and pointing one towards a
probable diagnosis. First and foremost, it should be appreciated that each geographic location has its own set of local infections; the
“Travelers’ Health” section of the Centers for Disease Control and Prevention (CDC) website (https://wwwnc.cdc.gov/travel) is an excellent
resource in this regard. This reveals the presence of a broad range of bacterial, viral, protozoal and helminthic diseases endemic to Equador;
these include Hepatitis A and B, Malaria, Yellow Fever, Trypanosomiasis, Dengue, Bartonellosis, and Amoebiasis. Note that the above
infections are transmitted via several different modes: ingestion, vector transmission and direct contact. Thus, analysis of the type of travel
engaged in may provide some additional clues. Unfortunately, adventure travellers (such as this patient) have ample opportunity to be
exposed to all of the above pathogens. The next most important point in the history is the date of departure from the foreign country, as this
gives an idea about the incubation period of the disease. In this patient, the long duration before manifestation of symptoms indicates a
condition with a prolonged incubation period; this narrows down the list of possibilities significantly. Other important points in the history of
this patient include the lack of progression of symptoms and presence of an intermittent fever. Note that the absence of localizing symptoms
or physical findings makes a focal process (such as an abscess) clinically less likely. However, an intra-abdominal abscess (such as an amoebic
liver abscess) may yet present in this manner. The next steps in the evaluation should be hematological and biochemical investigations. A full
blood count is essential; this reveals a mild anemia, thrombocytopenia and a slightly elevated white cell count. The liver profile reveals mild
elevation of all liver enzymes and serum bilirubin. Considering all of the above, we are left with a handful of possible differential diagnoses.
Amoebiasis is a possibility. The white cell count and elevated liver functions are in favor of this, but the absence of abdominal tenderness and
presence of thrombocytopenia make this unlikely. Bartonellosis (which is acquired via the bite of the sandfly in certain South American
regions) is another possibility; while in most patients, the infection tends to take a fulminant course with fever, malaise, jaundice,
hepatomegaly and generalized lymphadenopathy, atypical presentations are possible. Given the geographical location, prolonged incubation
period and nonspecific symptoms, Malaria is not only a possible diagnosis but also a probable one. It is important to remember that the
“classical” 48 to 72 hour fever cycles are seen only in patients with established disease, and may be absent altogether if the patient has been
taking antipyretics. The diagnosis of Malaria is relatively straight forward. Inspection of thick and thin peripheral blood smears under direct
microscopy can confirm the diagnosis and identify the species of Plasmodium causing the disease. In this case, the smear showed parasites
within enlarged red cells, a characteristic feature of P. vivax but not P. falciparum. Once the diagnosis of malaria is established, and the type of
Plasmodium identified, treatment should be started immediately. Uncomplicated cases of malaria such as this one can be treated with oral
medication alone. The WHO recommends use of Chloroquine in treatment of P. vivax Malaria contracted in South America, combined with
Primaquine to eliminate the liver forms of the parasite. Clindamycin is recommended by the WHO in the treatment of Malaria during
pregnancy, and is not indicated in this patient. Contact screening is unnecessary, as Malaria is a vector-borne infection and is not spread by
direct person to person contact.



Malaria-endemic countries

Four species of the genus Plasmodium
classically cause human malaria. Plasmodium
falciparum is responsible for nearly all severe
disease. It is endemic in most malarious areas
and is by far the predominant species in
Africa. Plasmodium vivax is as common as P
falciparum, except in Africa. P vivax
uncommonly causes severe disease.
Plasmodium ovale and Plasmodium
malariae are much less common causes of
disease, and generally do not cause severe
illness.

WHO region
(percent)

Population*
(1000s)

Cases
(1000s)

Decrease 
since 
2000

(percent)

Proportion
due 

to P.vivax
(percent)

Deaths
Decrease 

since 2000 
(percent)

Africa 989,173 188,000 -12 <1 395,000 -48

Southeast Asia 1,928,174 20,000 -39 50 32,000 -37

Eastern
Mediterranean 643,784 3900 -57 40 7000 -57

Western Pacific 1,847,250 1500 -59 16 3200 -60

Americas 986,705 660 -74 71 500 -69

Europe 910,053 0 -100
¶

0 0 -¶

World total 7,305,139 214,000 -18 6
Δ

438,000 -48

¶ There were 36,000 cases and 0 deaths due to malaria in 2000. Δ 51 percent outside sub-Saharan Africa.



MALARIA
In general, malaria should be suspected in the setting of fever (temperature ≥37.5°C) and relevant epidemiologic exposure (residence in or travel to an area where malaria

is endemic)

Four species of the genus Plasmodium classically cause human malaria. Plasmodium falciparum (incubation 7–10 days, symptoms recur 36–48hrly) is responsible for nearly
all severe disease. It is endemic in most malarious areas and is by far the predominant species in Africa. Plasmodium vivax (incubation 10–17d, ‘benign tertian malaria’,
fever spikes every 48h) is as common as P falciparum, except in Africa. P vivax uncommonly causes severe disease, although this outcome may be more common than
previously appreciated. Plasmodium ovale and Plasmodium malariae are much less common causes of disease, and generally do not cause severe illness.

Malaria is transmitted by the bite of infected female anopheline mosquitoes. During feeding, mosquitoes inject sporozoites, which circulate to the liver, and rapidly infect
hepatocytes, causing asymptomatic liver infection. Merozoites are subsequently released from the liver, and they rapidly infect erythrocytes to begin the asexual
erythrocytic stage of infection that is responsible for human disease. Multiple rounds of erythrocytic development, with production of merozoites that invade additional
erythrocytes, lead to large numbers of circulating parasites and clinical illness. Some erythrocytic parasites also develop into sexual gametocytes, which are infectious to
mosquitoes, allowing completion of the life cycle and infection of others.

Spread: plasmodium protozoa injected by female Anopheles mosquitoes multiply in RBCS causing haemolysis, RBC sequestration and cytokine release. Fever paroxysms
reflect synchronous release of flocks merozoites from mature schizonts. 3 phases: 1) Shivering (about 1h): “I feel so cold.” 2) Hot stage (2–6h): T ≈ 41°C, flushed, dry skin;
nausea/vomiting; headache. 3) Sweats (~3h) as T° falls.

Protective factors: G6PD lack; sickle-cell trait; some HLA B53 alleles enable T cells to kill parasite-infected hepatocytes in non-Europeans.

Falciparum malaria: Mortality: eg 20%; higher if <3yrs old or pregnant. 90% present within 1 month of the mosquito event, with prodromal headache, malaise, myalgia ±
anorexia before the 1st fever paroxysm (± faints). There may be no pattern to fever spikes (esp . initially); don’t rely on periodicity to rule out any type of malaria!

• Signs: Anaemia, jaundice, and hepatosplenomegaly. No rash or lymphadenopathy.

• Complications: Anaemia is common, eg from haemolysis of parasitized RBCS (often serious in children). Thrombocytopenia.

• 5 grim signs: 1) reduced consciousness/coma (cerebral malaria) 2) Convulsions 3) Coexisting chronic illness 4) Acidosis (eg esp bad if HCO3– <15mmol/L) 5) Renal failure
(eg from acute tubular necrosis). Mimic sepsis

• Cerebral malaria — Cerebral malaria is an encephalopathy that presents with impaired consciousness, delirium, and/or seizures; focal neurologic signs are unusual. The
onset may be gradual or sudden following a convulsion. The severity depends on a combination of factors including parasite virulence, host immune response, and time
between onset of symptoms and initiation of therapy.

• Pregnancy: use chemoprophylaxis when pregnant in endemic areas.
Diagnosis
• Serial thin & thick blood films (needs much skill, don’t always believe –ve

reports, or reports based on thin film examination alone); if P. falciparum,
you must know the level of parasitaemia.

• Antigen-detecting malaria rapid diagnostic tests (RDT) : rapid stick tests
are available if microscopy cannot be performed. Serology is not useful.
Nucleic acid tests (eg, PCR) are typically used as a gold standard in efficacy
studies for antimalarial drugs, vaccines, and evaluation of other diagnostic
agents.

• Other tests: FBC (anaemia, thrombocytopenia), clotting (DIC), glucose
(hypoglycaemia), ABG/lactate (lactic acidosis), U&E (renal failure), urinalysis
(haemoglobinuria, proteinuria, casts), blood culture to rule out septicaemia



(1) Plasmodium-infected Anopheles mosquito
bites a human and transmits sporozoites into
the bloodstream.
(2) Sporozoites migrate through the blood to
the liver where they invade hepatocytes and
divide to form multinucleated schizonts
(pre-erythrocytic stage). Atovaquone-
proguanil and primaquine have activity
against hepatic-stage schizonts.
(3) Hypnozoites are a quiescent stage in the
liver that exist only in the setting of P.
vivax and P. ovale infection. This liver stage
does not cause clinical symptoms, but with
reactivation and release into the circulation,
late-onset or relapsed disease can occur up to
many months after initial infection.
Primaquine is active against the quiescent
hypnozoites of P. vivax and P. ovale.
(4) The schizonts rupture and release
merozoites into the circulation where they
invade red blood cells. Within red cells,
merozoites mature from ring forms to
trophozoites and to multinucleated
schizonts (erythrocytic stage). Blood-stage
schizonticides such as artemisinins,
atovaquone-proguanil, doxycycline,
mefloquine, and chloroquine interrupt
schizogony within red cells.
(5) Some merozoites differentiate into male
or female gametocytes. These cells are
ingested by the Anopheles mosquito and
mature in the midgut, where sporozoites
develop and migrate to the salivary glands of
the mosquito. The mosquito completes the
cycle of transmission by biting another host.

* There is strong evidence that drugs listed in
parentheses are active against designated
stage of parasitic life cycle

¶ Primaquine is a blood-stage schizonticide
with activity against schizonts of P. vivax but
not those of P. falciparum.

Life cycle of Plasmodium*



* Identification of a schizont with >12 merozoites in the peripheral circulation is an 
important diagnostic clue for P. vivax. In general, schizonts of P. falciparum are very rarely 
seen in blood films; they are generally absent from the peripheral circulation except in 
cases of severe infection with overwhelming parasitemia

Red blood cell morphology in various forms of
Plasmodium infections





Giemsa-stained blood smears remain the mainstay of diagnosis to demonstrate parasites. Thick smears
provide efficient evaluation of large volumes of blood, but thin smears are simpler for inexperienced
personnel and better for discrimination of parasite species. Single smears are usually positive in infected
individuals, although parasitemias may be very low in nonimmune individuals. If illness is suspected,
repeating smears in 8- to 24-hour intervals is appropriate.
A second means of diagnosis is rapid diagnostic tests to identify circulating plasmodial antigens with a
simple “dipstick” format. These tests are not well standardized but are widely available. Serologic tests
indicate history of disease but are not useful for diagnosis of acute infection.

Thin film Giemsa-stained micrographs

P. falciparum ring forms P. vivax schizont P. malariae trophozoite P. ovale trophozoite







• Chloroquine-resistant P. falciparum is
widespread in endemic areas of Africa, Asia, and
Oceania.

• Chloroquine-sensitive P. falciparum exists in the
Caribbean, Central America west and north of the
Panama Canal, and parts of North Africa, the
Middle East, and China.

• P. falciparum strains resistant to chloroquine,
mefloquine, and sulfonamides are rare but are
prevalent in the regions of Thailand bordering
Burma (Myanmar) and Cambodia (eg, eastern
provinces of Myanmar and western provinces of
Cambodia) and in parts of China, Laos, and
Vietnam.

• Chloroquine-resistant P. vivax is widespread in
Indonesian Papua and Papua New Guinea





Fever and frequent infections in a patient with bleeding gums

A 24-year-old woman presents with bleeding gums and easy bruising. She is found to have a hematocrit of 29%, a white
blood cell count of 4800/μL with 5% peripheral promyelocytes, and a platelet count of 38,000/μL. A bone marrow study
shows morphologic and molecular evidence of acute promyelocytic leukemia. She is begun on ATRA and daunorubicin.
Infection prophylaxis includes a quinolone and Bactrim. Six days after starting therapy, the patient presents with fever and
increasing shortness of breath that has developed over several days. Her white blood cell count has risen to 15,000/μL
with 20% promyelocytes and metamyelocytes. A chest radiograph shows diffuse pulmonary infiltrates.

A 66-year-old man presents with fatigue and is found to have pancytopenia with a hematocrit of 31%, a white blood cell
count of 2300/μL with peripheral blasts, and a platelet count of 9000/μL. A bone marrow study shows 60% myeloblasts
consistent with M1 acute myeloid leukemia. The patient had previously been in outstanding health. The choice is made
to attempt induction therapy with daunorubicin and cytarabine.

A 44-year-old woman presents with increasing bone pain and pallor and is found to have a hematocrit of 24%, a white
blood cell count of 32,000/μL with circulating myeloblasts, and a platelet count of 45,000/μL. A bone marrow study
shows acute myeloid leukemia. with t(4;11). Three years earlier, she had been diagnosed with breast cancer and had
been treated with surgery, radiation, and adjuvant chemotherapy including cyclophosphamide and doxorubicin. She is
treated for her AML with daunorubicin and cytarabine and after one cycle achieves a complete remission.

A 74 year-old woman presents with increasing peripheral edema and is found to have a hematocrit of 26%, a white blood
cell count of 38,000/μL with circulating lymphoblasts, and a platelet count of 110,000/μL. A bone marrow shows Ph+
acute lymphoblastic leukemia.

A 7-year-old boy presented with malaise and lethargy of 6 months' duration. He had become inattentive at school,
anorexic and had lost 3kg in weight. On examination he was thin, anxious and clinically anaemic. There was mild,
bilateral, cervical lymphadenopathy and moderate splenomegaly. On investigation, his haemoglobin (8 g/dl) and platelet
count (66000/mm3) were low, but the white-cell count was high (25000/mm3). The blood film showed that most
leucocytes were blasts; the red cells were normochromic and normocytic. Bone marrow examination showed an
overgrowth of primitive white cells with diminished numbers of normal erythroid and myeloid precursors. Acute
lymphoblastic leukaemia was diagnosed.



Clinical Presentation of Leukemias
• AML, acute myeloid

leukemia; 
• ALL, acute 

lymphoblastic
leukemia; 

• CML, chronic
myelogenous
leukemia;

• CLL, chronic
lymphocytic
leukemia.

Leukemia
A. Malignant transformation of myeloid or lymphoid

cells involving bloodstream and bone marrow.
B. Acute leukemia tends to involve immature cells,

whereas chronic leukemia involves more mature
cells..

C. Bone marrow involvement can cause pancytopenia.
D. Constitutional Symptoms (fever, weight loss,

fatigue, night sweats)
E. Organ infiltration (skin, gastrointestinal tract, lung,

gum, meninges, liver, spleen, lymphonodes, etc.).

cytic



Leukemia
A. Malignant transformation of myeloid or lymphoid cells involving bloodstream and bone marrow. B. Acute leukemia tends to involve immature cells, whereas chronic leukemia involves
more mature cells..C. Bone marrow involvement can cause pancytopenia.
1. Acute lymphocytic leukemia (ALL)
a. Most common in children (2 to 5 years of age); whites>blacks. b. Proliferation of lymphoid cells. c. H/P: bone pain, frequent infections, fatigue, dyspnea on exertion, easy bruising; fever,
pallor, purpura, hepatosplenomegaly, lymphadenopathy. d. Labs: decreased Hgb, decreased Hct, decreased platelets, decreased WBCs, increased uric acid, increased LDH; bone marrow
biopsy shows abundant blasts; Philadelphia chromosome (i.e., translocation of chromosomes 9 and 22 in BCR-ABL genes) found in 15% adult cases. e. Blood smear: numerous blasts. f.
Treatment: hemotherapy (induction followed by maintenance dosing), bone marrow transplant. g. Complications: although:-year survival rates are good (85%) in children, adults have
worse prognosis; presence of Philadelphia chromosome carries poor Prognosis
2. Acute myelogenous leukemia (AML)
a. Proliferation of myeloid cells; both children and adults affected. b. H/P: fatigue, easy bruising, dyspnea on exertion, frequent infections, arthralgias; fever, pallor, hepatosplenomegaly,
mucosal bleeding, ocular hemorrhages . c. Labs: decreased Hgb, decreased Hct, decreased platelets, decreased WBCs; bone marrow biopsy shows blasts of myeloid origin and staining with
myeloperoxidase. d. Blood smear: large myeloblasts with notched nuclei and Auer rods e. Treatment: chemotherapy (regimen guided by cytogenetic analysis), bone marrow transplant. f.
Complications: relapse common, DIC; long-term survival is poor despite frequently successful remissions
3. Chronic lymphocytic leukemia (CLL)
a. Proliferation of mature B cells in patients .65 years of age. b. H/P: fatigue, frequent infection (secondary to no plasma cells), night sweats; fevers, lymphadenopathy,
hepatosplenomegaly. c. Labs: increased WBCs (may be .100,000/mL); bone marrow shows lymphocyte infiltration. d. Blood smear: numerous small lymphocytes, smudge cells. e.
Treatment: upportive therapy, chemotherapy, radiation for bulky lymphoid masses, splenectomy for splenomegaly. f. Complications: malignant B cells may form autoantibodies, leading to
severe hemolytic anemia; course of disease tends to be either indolent (.10-year survival) or aggressive with high mortality within 4 years
4. Chronic myelogenous leukemia (CML)
a. Proliferation of mature myeloid cells seen in middle-aged adults; can be associated with radiation exposure. b. Follows stable course for several years before progressing into blast crisis
(i.e., rapid worsening of neoplasm) that is usually fatal c. H/P: possibly asymptomatic before progression; fatigue, weight loss, night sweats; fever, splenomegaly; blast crisis presents with
worsening symptoms and bone pain. d. Labs: increased WBCs (.100,000/ml) with high proportion of neutrophils,
decreased leukocyte alkaline phosphatase; bone marrow shows granulocyte hyperplasia; cytogenetic analysis demonstrates Philadelphia chromosome (t[9;22]) or BCR-ABL fusion gene. e.
Treatment: chemotherapy (imatinib is promising agent), bone marrow transplant in younger patients. f. Complications: blast crisis signals rapid progression and is usually fatal.
5. Hairy cell leukemia
a. Proliferation of B cells most frequently in middle-aged men. b. Similar in appearance to CLL (but better prognosis); now considered an indolent type of non-Hodgkin lymphoma. c. H/P:
fatigue, frequent infections, abdominal fullness, no night sweats; no fever, massive splenomegaly, no lymphadenopathy .d. Labs: decreased Hgb, Hct, platelets, and WBCs (rarely, WBCs
increased); bone marrow biopsy shows lymphocyte infiltration. e. Blood smear: numerous lymphocytes with “hairy” projections (irregular cytoplasmic projections). f. Treatment:
chemotherapy once patients develop symptomatic cytopenia

Acute lymphocytic leukemia. Note
lymphoblasts with irregular nuclei
and prominent nucleoli.

Acute promyelocytic leukemia (a
subtype of AML). Prominent Auer
rods are seen (arrow)

Chronic lymphocytic leukemia. Note small lymphocytes of
comparable size to nearby red blood cells (RBCs) and
presence of smudge cells (fragile lymphocytes disrupted
during smear preparation) in upper portion of image.

Hairy cells typical of hairy cell
leukemia. Note the numerous
cytoplasmic projections giving the
cell its name.





Anemia





Acute leukemia is a malignancy of the hematopoietic progenitor cell. These cells proliferate in
an uncontrolled fashion and replace normal bone marrow elements
Most of the clinical findings in acute leukemia are due to (*) replacement of normal bone

marrow elements by the malignant cells. Less common manifestations result from (*) organ
infiltration (skin, gastrointestinal tract, meninges). Acute leukemia is potentially curable with
combination chemotherapy..













Shaking chills in a patient  with acute lymphoblastic leukemia

A 24-year-old man presents to the emergency room complaining of 24 hours of fevers with
shaking chills. He is currently being treated for acute lymphoblastic leukemia (ALL). His most
recent chemotherapy with hyperfractionated CVAD (cyclophosphamide, vincristine,
doxorubicin, and dexamethasone) was 7 days ago. He denies any cough or dyspnea, headache,
abdominal pain, or diarrhea. He has had no sick contacts or recent travel. On physical
examination, he is febrile to 39.4°C, with heart rate 122 bpm, blood pressure 118/65 mm Hg,
and respiratory rate 22 breaths per minute. He is ill appearing; his skin is warm and moist but
without any rashes. He has no oral lesions, his chest is clear to auscultation, his heart rate is
tachycardic but regular with a soft systolic murmur at the left sternal border, and his abdominal
examination is benign. The perirectal area is normal, and digital rectal examination is deferred,
but his stool is negative for occult blood. He has a tunneled vascular catheter at the right
internal jugular vein without erythema overlying the subcutaneous tract and no purulent
discharge at the catheter exit site. Of note, he reports an onset of shaking chills 30 minutes
after the catheter was flushed. Laboratory studies reveal a total white blood cell count of 1100
cells/mm3, with a differential of 10% neutrophils, 16% band forms, 70% lymphocytes, and 4%
monocytes (absolute neutrophil count 286/mm3). Chest radiograph and urinalysis are normal.
What is the most likely diagnosis?
What are your next therapeutic steps?
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Shaking chills in a patient  with acute lymphoblastic leukemia

A 24-year-old man presents to the emergency room complaining of 24 hours of fevers with
shaking chills. He is currently being treated for acute lymphoblastic leukemia (ALL). His most
recent chemotherapy with hyperfractionated CVAD (cyclophosphamide, vincristine,
doxorubicin, and dexamethasone) was 7 days ago. He denies any cough or dyspnea, headache,
abdominal pain, or diarrhea. He has had no sick contacts or recent travel. On physical
examination, he is febrile to 39.4°C, with heart rate 122 bpm, blood pressure 118/65 mm Hg,
and respiratory rate 22 breaths per minute. He is ill appearing; his skin is warm and moist but
without any rashes. He has no oral lesions, his chest is clear to auscultation, his heart rate is
tachycardic but regular with a soft systolic murmur at the left sternal border, and his abdominal
examination is benign. The perirectal area is normal, and digital rectal examination is deferred,
but his stool is negative for occult blood. He has a tunneled vascular catheter at the right
internal jugular vein without erythema overlying the subcutaneous tract and no purulent
discharge at the catheter exit site. Of note, he reports an onset of shaking chills 30 minutes
after the catheter was flushed. Laboratory studies reveal a total white blood cell count of 1100
cells/mm3, with a differential of 10% neutrophils, 16% band forms, 70% lymphocytes, and 4%
monocytes (absolute neutrophil count 286/mm3). Chest radiograph and urinalysis are normal.
What is the most likely diagnosis? Neutropenic fever and possible infected vascular catheter.
What are your next therapeutic steps? After drawing blood cultures, the patient should
undergo broad-spectrum intravenous antibiotic administration, including coverage for gram-
positive organisms such as Staphylococcus spp. The vascular catheter should be removed.
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• 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.



A 65-year-old man presents with a rash of 2 days’ duration over the right forehead
with vesicles and pustules, a few lesions on the right side and tip of the nose, and
slight blurring of vision in the right eye. The rash was preceded by tingling in the
area and is now associated with aching pain.
How should this patient be evaluated and treated?

The patient should receive oral antiviral therapy, medication for pain (e.g., an
opioid, with the addition of gabapentin if needed), and prompt referral to an
ophthalmologist. He should also be advised to avoid contact with persons who
have not had varicella or have not received the varicella vaccine until his lesions
have completely crusted. I would recommend herpes zoster vaccination to reduce
the risk of recurrence, but in an immunocompetent patient such as this one, I
would defer vaccination for approximately 3 years, since the current episode of
herpes zoster should boost his cellular immune response to VZV for that period of
time.

N Engl J Med 2013;369:255-63.



A nucleus is a collection of nerve cell bodies within the central nervous 
system. A ganglion refers to a collection of the nerve cell bodies outside 
the central nervous system. 



Pain in a dermatomal
distribution suggests a
problem with a cranial nerve
or dorsal root ganglion
(radiculopathy)— where the
cell bodies of sensory fibres
live. What is the
dermatome? What is the
lesion?

Dermatomes and peripheral nerves

3 views. In 2, the anterior 
⅓ of the scrotum is L1; the 
posterior ⅔ is S3. The 
penis is S2/3 (L1 at its 
root).

The trigeminal ganglion 
gives rise to 3 divisions: 
ophthalmic (V1), 
maxillary (V2) and 
mandibular (V3).







Occasional lymphocytosis in an elderly men

A 65-year-old man with benign prostatic hypertrophy had been experiencing difficulty with
urination, and so he saw his urologist to be evaluated for a transurethral resection of the
prostate. As part of the routine preoperative evaluation, he had a complete blood count, but
that was found to be abnormal. The procedure was cancelled and he is now referred to the
internal medicine clinic for additional evaluation. Aside from his prostate symptoms, the patient
is asymptomatic. He has not experienced any recent fevers, chills, night sweats, arthralgias, or
myalgias. His appetite is good and his weight has been stable. He is moderately physically active,
plays golf regularly, and has not noted any fatigue or exertional dyspnea.
On examination, he is afebrile and normotensive. His conjunctivae are anicteric, and his skin and
oral mucosa show no pallor. His chest is clear to auscultation, and his heart is regular without
any murmurs. On abdominal examination, his liver span seems normal, and there is no palpable
spleen. He does not have any palpable cervical, axillary, or inguinal adenopathy. Labs show the
following results: White blood cell count is 56 000 with 90% mature lymphocytes and 10%
neutrophils, hemoglobin is 14.8 g/dL, hematocrit 45%, and platelet count 189 000. Other labs
including electrolytes, creatinine, and transaminases are all within normal limits.
What is the most likely diagnosis? Chronic lymphocytic leukemia (CLL)
What is the most appropriate next step? Flow cytometry of peripheral blood to demonstrate

a monoclonal B-cell population, and confirm the diagnosis
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A 62-year-old man presented with increasing shortness of breath on exercise and loss of
weight. He had suffered five chest infections during the previous winter, despite being a
non-smoker. On examination, there was moderate, bilateral cervical lymphadenopathy
and left inguinal lymph node enlargement. The spleen and liver were enlarged 5cm below
the costal margins. There was no bone tenderness and there were no lesions in the skin.
On investigation, his haemoglobin (132g/l) and platelet count (251 x 109/l) were normal
but his white-cell count was increased to 150000/mmc; the film showed that 98% of these
were small lymphocytes.
The features on the blood film were suggestive of chronic lymphocytic leukaemia and
immunophenotyping confirmed this diagnosis (Table C6.2). Ninety per cent of the cells
were B cells; they all expressed surface immunoglobulin (mu, delta and kappa chains),
major histocompatibility complex class II antigens (DR) and CD5. The serum
immunoglobulins were low: IgG 2.2g/l (NR 7.2-19.0g/l); IgA 0.6g/l (NR 0.8-5.0g/l) and IgM
0.4g/l (NR 0.5-2.0g/l). There was no monoclonal immunoglobulin in the serum or the
urine.











Chronic macrocytic anemia and generalized fatigue in a elderly woman 

The patient is a woman aged 72 years who has developed generalised fatigue and macrocytic anemia over
the past year. Gastroenterology evaluation resulted in negative colonoscopy and EGDS. The patient was
referred to hematology for an evaluation in August 2010. Laboratory studies revealed a WBC count of 3.3
with 1200 neutrophils, hemoglobin 9.4, an MCV of 108, and a platelet count of 44,000. She had normal
vitamin B12 and folic acid levels. Her reticulocyte count was unusually low at 0.1%. She had normal iron
stores and normal iron saturation. The patient’s renal and hepatic functions were confirmed to be normal.
She subsequently underwent a bone marrow biopsy which was consistent with myelodysplastic syndrome.
Specifically, the marrow was described as being normocellular 40% with a relative megakaryocytic
hyperplasia, including dysplasia. There were also approximately 6% to 8% immature myeloid cells present
with interstitial clustering. Stainable iron was present. Flow cytometry confirmed 5% to 6% blast forms,
expressing the myeloid antigens CD33, CD13, CD34, CD117, and HLA-DR. Cytogenetics revealed a deletion of
5q in 16 out of 20 examined cells. There were no additional clonal abnormalities. FISH studies also confirmed
the presence of the 5q abnormality. Past medical history: Significant for hiatal hernia and hypertension.
Diagnosed with breast cancer in 1975 and treated with 1 year of oral melphalan.

Many patients are asymptomatic at diagnosis, and myelodysplastic syndrome is found on routine
laboratory tests. If symptoms develop they are usually non-specific and related to anaemia - weakness,
fatigue, decreased exercise tolerance, light-headedness, or angina. Less common symptoms are easy
bruising, bleeding, and infections. Occasionally, MDS can present with autoimmune abnormalities, such as
arthritis, pericarditis, pleural effusions, skin ulcerations, uveitis, myositis, and peripheral neuropathy. Rarely,
patients can present with an acute illness characterised by cutaneous vasculitis, fever, arthritis, peripheral
oedema, and pulmonary infiltrates.







• Myeloproliferative disorders are due to acquired clonal abnormalities of the
hematopoietic stem cell.

• Since the stem cell gives rise to myeloid, erythroid, and platelet cells, qualitative and
quantitative changes are seen in all these cell lines.

• Classically, the myeloproliferative disorders produce characteristic syndromes with well-defined
clinical and laboratory features. However, these disorders are grouped together because they
may evolve from one into another and because hybrid disorders are commonly seen.

• All of the myeloproliferative disorders may progress to myelodysplastic syndrome and acute
myeloid leukemia.

• The Philadelphia chromosome seen in chronic myeloid leukemia (CML) was the first recurrent
cytogenetic abnormality to be described in a human malignancy. Since that time, there has
been tremendous progress in elucidating the genetic nature of these disorders, with
identification of mutations in JAK2, MPL, CALR, CSF3R, and other genes

Myelofibrosis

• haemopoietic stem cell
proliferation

• marrow fibrosis

• abnormal megakaryocyte
precursors release fibroblast-
stimulating factors






