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ABSTRACT 

• Objectives 

The hematological disorders that affect white blood 

cells, red blood cells, platelets and the coagulation 

system may be sometimes induced by drugs. This 

paper aims to emphasize the wide variety of drug-

induced hematological disorders and to highlight 

the treatment options of these disorders. 

• Methods  

Based on many case reports and several researches, 

in this literature drug-induced hematological 

disorders are reviewed. In this study we focus on 

individual drugs, their mechanism of action and the 

process how these drug induced disorders are 

happen. 

• Results 

There are several drug-induced hematological 

disorders such as hemolytic anaemias, 

methemoglobinemia, red cell aplasia, sideroblastic 

anaemia, megaloblastic anaemia, polycythemia, 

aplastic anaemia, leukocytosis, neutropenia, 

eosinophilia, immune thrombocytopenia, 

microangiopathic syndromes, hypercoagulability, 

hypoprothrombinemia, circulating anticoagulants, 

myelodysplasia and acute leukemia.  Some of the 

traditional medicines known to cause hematologic 

abnormalities have been replaced by newer drugs 

(developed formulations), including biologics, 

accompanied by their own syndromes and 

unintended side effects. 

• Conclusions 

Through a number of varieties of mechanisms, 

drugs can cause toxicities that affect a wide range 

of hematological disorders. Physicians should be 

alert about the possibility of iatrogenic drug-

induced hematologic problems. 
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I. INTRODUCTION 
There are several mechanisms and 

etiologies that lead to hematological disorders. 

Drug-induced hematological disorders can affect 

RBC, WBC, platelets and the coagulation system, 

which encompasses nearly the whole hematological 

spectrum. Adverse drug reaction can cause harmful 

effect to the both bone marrow and peripheral 

blood cells. Every year lots of drug induced 

hematological instances are reported because the 

population consumes millions of doses of drugs. 

Despite the fact that most of the drugs have a 

relatively low risk, but it can induce more than one 

adverse event. This is frequently associated with 

dosage and duration of the drug. This problem can 

be solved by discontinuing of these offending drugs 

and by choosing alternate therapy. However, in 

certain circumstances, the negative effect is 

permanent, and patient may die. Sometimes, it is 

difficult to determine the frequency of adverse 

reaction of a drug. Aplastic anaemia, 

agranulocytosis, hemolytic anaemia, megaloblastic 

anaemia and thrombocytopenia are some of the 

drug-induced hematological disorders. Anti-

neoplastic drugs, as well as chloramphenicol and 

its metabolites, have a direct harmful effect on 

bone marrow. Immunological mechanisms can 

induce hemolytic anaemia. The drug may affect the 

immune system by acting as a hapten, causing the 

production of autoantibodies or antidrug 

antibodies. Drugs that act on erythrocytes with 

enzyme deficiencies (such as glucose-6-phosphate 

dehydrogenase deficiency) can cause hemolysis 

[1]. 

 

❖ Aplastic Anaemia 

Aplastic anaemia is a bone marrow failure 

disease that includes peripheral pancytopenia and 

bone marrow hypoplasia [2]. It is a dangerous and 

uncommon condition with unknown etiology. If the 

pluripotent stem cells are damaged, then it can 

cause drug-induced aplastic anaemia. In this 

disease normal amount of erythrocytes, neutrophils 

and platelets are reduced. The yearly incidence of 
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aplastic anaemia is around 2 incidences per million 

people. There are two types of aplastic anaemia: 

inherited and acquired [3]. Inherited aplastic 

anaemia is a hereditary condition that causes fatty 

infiltration, bone marrow suppression and the loss 

of circulating blood cells. Fanconi's anaemia, 

Blackfan diamond anaemia and congenital 

dyskeratosis are among them. Drugs, radiation, 

viruses, chemical exposures can cause acquired 

aplastic anaemia.  

The following criteria can be used to make a 

diagnosis -  

i. WBC count 3500 cells/mm3 or less 

ii. Platelet count 55000 cells/mm3 or less 

iii. Hb value 10gm/dl or less [3] 

• If neutrophils are less than 1500 cells/mm3, 

platelets are less than 50,000 cells/mm3 and Hb 

is less than 10 gm/dl, then it can be considered 

that aplastic anaemia is in moderate stage.  

• When neutrophils are less than 500 cells/mm3, 

platelets are less than 20,000 cells/mm3, and 

reticulocytes are less than 1%, then it is 

considered as severe condition.  

• When the neutrophil count is less than 200 

cells/mm3, it is considered as highly serious 

condition [3-5].  

 

NSAIDs, anticonvulsants, antithyroid 

drugs, antituberculous drugs, antirheumatic drugs 

are linked to the development of aplastic anaemia. 

Some specific drugs mentioned include 

chloramphenicol, butazone, sulfonamide, gold 

salts, penicillamine, amidopyrine, 

trimethoprim/sulfamethoxazole, methimazole, and 

felbamate [6–9]. Few drugs that are linked to cause 

aplastic anaemia can also frequently result in mild 

bone marrow suppression, indicating that little 

damage may occasionally develop to more serious 

damage (perhaps due to host metabolism). The 

treatment for drug induced aplastic anaemia is to 

stop taking the substance that caused it. Along with 

antibiotic treatment, blood transfusion is often 

advised. Even if the neutrophil count continues to 

drop, granulocyte colony-stimulating factor has 

been employed. Corticosteroids can be used to treat 

purpura. Bone marrow transplantation can be used 

to treat irreversible drug-induced aplastic anemia 

[10]. 

 

❖ Agranulocytosis / Neutropenia 

Agranulocytosis is an uncommon disorder 

in which the quantity of WBC (granulocytes and 

immature granulocytes) in the circulating blood is 

severely reduced [10]. The elderly women are more 

prone to drug-induced agranulocytosis. The 

incident rate of agranulocytosis in Europe is  1.6  to  

9.2  cases  per  million  when compared  to  the US,  

where  it  is  slightly higher ranging from 2.4 to 

15.4 cases per million  population [11]. For the 

development of this form of agranulocytosis, 

various mechanisms of action have been proposed. 

These are listed below –  

1) Destruction of neutrophils by drug 

antibodies, 

Example - Chlorpromazine, procainamide, 

clozapine, dapsone, sulphonamides,     

carbamazepine, phenytoin, indomethacinetc 

2) The development of a lupus-like 

syndrome, 

Example - Penicillin, quinidine, levamisole 

3) The toxic depression of bone marrow 

Example - Phenothiazine, chlorpromazine, tricyclic 

antidepressants [11] 

Various analgesics, psychotropics, 

anticonvulsants, antithyroid drugs, antihistaminics, 

antirheumatics, GI medications, antimicrobials, 

cardiovascular drugs and chemotherapeutic drugs 

all can cause drug-induced neutropenia. [12–14]. 

Some drugs such as penicillins, which function as 

haptens and trigger the production of antibodies 

against neutrophils, are linked to immune-mediated 

processes. Neutrophils' apoptosis is accelerated by 

clozapine and neutrophils are destroyed by 

complement mediated action of propylthiouracil. 

Granulopoiesis is inhibited by medications such as 

β-lactam antibiotics, carbamazepine and valproate 

in a dose-dependent manner. A number of drugs, 

including ticlopidine, bulsufan, methamizole, 

ethosuximide and chlorpromazine, have direct 

harmful effects on myeloid precursors. 

Primary therapy involves restoring an 

appropriate neutrophil count (Corticosteroid 

therapy can help in this condition), withdrawing the 

offending drugs from patients, antibiotics 

administration, when necessary giving them 

recombinant human granulocyte colony-stimulating 

factor are all methods of treating drug induced 

neutropenia (rhG-CSF). Sargramostim and 

filgrastim are the most effective drugs in reducing 

the duration of neutropenia [10]. Particularly in 

patients with deep neutropenia, the administration 

of CSFs can reduce the duration of neutropenia, 

frequency of infection, and lower death rates [14]. 

Rituximab, an anti-CD20 antibody used to treat 

benign autoimmune disorders and B cell 

lymphoproliferative disorders, can cause 

neutropenia, usually of delayed onset [15]. 
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❖ Neutrophilia 

Neutrophilia is most frequently caused by 

infection or inflammation, while it might be 

associated to myeloproliferative disorders. If there 

are too many neutrophils in the bloodstream, then 

leukocytosis may develop. Leukocytosis can be 

drug induced. By stimulating the release of 

neutrophils from the bone marrow, glucocorticoids 

can cause neutrophilia [16]. Despite variations, 

glucocorticoids generally do not cause leukocytosis 

more than 20000/uL. Such an increase in WBC 

counts may indicate the presence of an infection 

[17]. By releasing neutrophils from the marginated 

pool, adrenaline and epinephrine cause neutrophilia 

[16]. Prior to the development of CSFs, lithium 

was utilised to treat neutropenia despite it causes 

mild neutrophilia [18]. G/GM-CSF, which is 

widely used to reduce the severity and duration of 

neutropenia from chemotherapy, usually causes 

leukocytosis. Drugs including trimethoprim-

sulfamethoxazole, various antibiotics, and 

granulocyte colony stimulating factor can cause 

Sweet's Syndrome (acute febrile neutrophilic 

dermatosis), which is characterised by sensitive 

erythematous skin lesions, fever and neutrophilia 

[19]. This condition may be paraneoplastic or 

idiopathic. 

 

❖ Eosinophilia 

Eosinophilia can be caused by both 

intrinsic hematologic disorders as well as 

secondary to a variety of systemic disorders 

including allergens and drugs [20]. Drugs most 

commonly linked with eosinophilia are gold salts, 

penicillins, sulfas, allopurinol, phenytoin and 

carbamazepine. ‘Drug Rash with Eosinophilia’ and 

‘Systemic Symptoms (DRESS syndrome)’ is the 

term used to describe the concomitant occurrence 

of eosinophilia, rash, fever and visceral 

involvement such as pneumonitis, hepatitis, 

nephritis, adenopathy or carditis [21]. Antibiotics 

and anticonvulsants are mostly linked with DRESS. 

 

❖ Polycythemia 

Smoking, prolonged hypoxia, 

malignancies, few medications can cause 

polycythemia, which can either be primary 

(polycythemia vera) or secondary. With excessive 

usage of rHuEPO or anabolic steroids, drug-

induced polycythemia might be seen. Abusing of 

such type of drugs by athletes can cause higher risk 

of thrombosis [22]. The use of diuretics in 

conjunction with volume contraction can cause 

pseudopolycythemia, in which hemoconcentration 

elevates the hematocrit but real red blood cell’s 

mass is not increased. 

 

❖ Myelodysplasia and Acute Leukemia 

Acute myeloid leukaemia (AML) and 

myelodysplastic syndromes (MDSs) are clonal 

hematopoietic disorders linked with cytopenias, 

impaired bone marrow maturation and eventually 

uncontrolled blast proliferation. Although the two 

disorders are different from one another, they share 

a continuous spectrum and many instances of MDS 

progress into AML. The vast majority of MDS and 

AML cases are idiopathic; however radiation and 

toxin exposure can increase the risk. MDS can be 

drug induced [23, 24]. MDS most commonly 

caused by alkylating agents, which include nitrogen 

mustard, cyclophosphamide, melphalan, busuflan 

and chlorambucil. Myelodysplasia and leukaemia 

are also linked with procarbazine and nitrosoureas. 

Myelodysplastic condition frequently precedes 

leukaemia caused by these drugs. Prior to the 

development of t-MDS or AML, there may be a 

latent phase of 2 to 8 years. The morphological 

subtypes of these leukemias are generally FAB M1 

or M2. Complex chromosomal abnormalities are 

usual, frequently with deletions of trisomy 8 and 

chromosomes 5 and 7. Topoisomerase II inhibitors, 

which include the epipodophyllotoxins (etoposide 

and teniposide), anthracyclines (daunomycin, 

epirubicin, and doxorubicin) and mitoxantrone are 

linked to a specific syndrome of secondary 

leukaemia. Leukemia caused by these drugs 

typically manifests without a preceding MDS and 

has a shorter latency period than leukaemia caused 

by alkylating agents, frequently less than 2 years. 

Morphologically, acute myelomonocytic leukemias 

with a karyotypic anomaly involving 11q23 are 

frequently found. In patients receiving adjuvant 

chemotherapy for breast cancer, the risk of acute 

leukemia increases with age, with the intensity of 

therapy and with the use of breast radiotherapy 

[25]. Many of these patients have received in 

combination of alkylating agents and 

anthracyclines, both of these are leukemogenic. 

According to some studies, an increased risk of 

AML has been seen in breast cancer patients who 

received G-CSF along with adjuvant 

chemotherapy. Secondary MDS and leukaemia risk 

are related to stem cell transplantation, which is 

used in high risk, relapsed and refractory 

hematologic malignancies. It is still unclear that 

either pre transplant treatment or the transplant 

itself caused the condition. Radioimmunotherapy, 

developed for non-Hodgkins lymphoma, may be 
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associated with some risk of leukemogenesis. 

However, as with transplant patients, some of the 

risk may be related to stem cell damage from prior 

therapies or even an increased risk associated with 

the underlying disease itself. Small numbers of 

patients treated with radioimmunotherapy alone 

have demonstrated an apparent low risk for 

leukemia [26]. 

 

❖ Hemolytic Anaemia 

Hemolytic anaemia is described as the 

destruction of RBC, including cell membrane lysis 

and the removal of blood cells by phagocytosis 

[10]. The severity and morbidity of hemolytic 

anaemia will be determined by the induction 

mechanism. The two fundamental mechanisms are 

-  

1) A direct influence on the red blood cell's 

metabolic process (G6PD deficiency) 

Example - Dapsone, nalidixic acid, vitamin C, 

aspirin etc 

2) An immunological mechanism involving both 

red blood cells and the drug. 

Example - Cimetidine, insulin, penicillin, 

sulphonamides etc. 

Hemolytic anaemia is of two types: immune 

hemolytic anaemia and nonimmune hemolytic 

anaemia. According  to  a study  conducted  by 

George Garratty, it is reported that one in  every 

one  million  of  the  population  have immune  

hemolytic  anaemia and one  in every eighty  

thousands  of  the population have autoimmune 

hemolytic anaemia. [11, 27] 

 

• Immune Hemolytic Anaemia (IHA) 

In immune hemolytic anaemia red blood 

cells are destroyed by antibodies that acting against 

antigens on the erythrocyte membrane. IHA may 

be idiopathic or secondary related to infections, 

autoimmune diseases, lymphoproliferative 

disorders or drugs. IHA is mediated by either IgG 

or IgM antibodies. Patients have increased LDH, 
anaemia, reticulocytosis, indirect 

hyperbilirubinemia and positive Coombs test when 

they first appear. Drug-dependent or drug-

independent antibodies may be linked to drug-

induced IHA [28]. Few drugs may cause 

nonimmunologic protein adsorption into drug 

treated red blood cells. Alpha-methyl DOPA is an 

example of a drug independent autoantibody that 

allows IHA to continue for a long time even after 

the drug is withdrawn. Cephalosporins, 

nonsteroidal anti-inflammatory drugs (NSAIDS), 

levaquin, oxaliplatin, teicoplanin have a link to 

cause IHA [28, 29]. Intravenous Rh (D) immune 

globulin, which is used to treat immune 

thrombocytopenic purpura in non-splenectomized 

Rh (D) positive patients, intentionally induces a 

mild hemolysis. However, severe hemolysis with 

renal failure, disseminated intravascular 

coagulation and mortality have been reported in 

rare number of cases [30]. The autoimmune 

hemolytic anaemia linked with chronic 

lymphocytic leukaemia has been found to be 

precipitated or exacerbated by fludarabine, a purine 

nucleoside chemotherapeutic drug. However, 

combining fludarabine with rituximab and 

cyclophosphamide may reduce the risk [31]. 

 

• Nonimmune Hemolytic Anaemia 

Glucose-6-phosphate 

dehydrogenase (G6PD) deficiency is the most 

common cause of red blood cell enzymopathy, 

which is linked with nonimmune hemolytic 

anaemia. Infection, fava beans and drugs all have 

the potential to cause this hemolysis. Inherited 

mutation and the associated degree of deficiency 

are dependent by the sensitivity of various drugs. In 

generally, drug induced hemolysis is self-limited. 

Being X-linked, this affects men more frequently 

and severely. Numerous drugs have been linked to 

hemolysis including primaquine, phenazopyridine, 

nitrofurantoin, sulfonamide [32]. Ribavirin has 

been linked to anaemia when administered in 

combination with peginterferon to treat hepatitis C. 

Through oxidative membrane damage, ribavirin 

accumulates inside red blood cells, depletes ATP 

and promotes hemolysis. Ribavirin should 

be stopped or prefer low dose to treat anaemia, 

but such strategies may compromise the efficacy of 

the antiviral therapy. According to a study, 

erythropoietin can help to control anaemia [33]. 

 

❖ Megaloblastic Anaemia 

Megaloblastic anaemia is defined by the 

presence of a hypercellular bone marrow with 
large, abnormal hematopoetic progenitor cells 

(megaloblasts). Megaloblastic anaemia can be 

congenital or acquired. Thrombocytopenia and 

leukopenia occur in this anaemia. When DNA 

synthesis in the bone marrow is inhibited but RNA 

synthesis continues, then megaloblastic anaemia 

develops. In this anaemic condition, development 

of defective macrocytic red blood cells occur [27]. 

Drugs can cause megaloblastic anaemia in two 

ways:  

i. By preventing the absorption of B12 

(cobalamin) or folic acid and  
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ii. By directly reducing DNA synthesis without 

depleting folate or vitamin B12. 

Drugs that interfere with DNA synthesis 

(such as antimetabolites, alkylating drugs, and 

few antinucleosides) are used to treat HIV and 

other viruses [34]. In methotrexate therapy, 3 to 9% 

of patients develop megaloblastic anaemia, which 

is caused by the irreversible suppression of the 

dihydrofolate reductase enzyme [35]. Methotrexate 

causes megaloblastic anaemia in a dose-dependent 

manner and when large intravenous dosages are 

given, calcium leucovorin should be used.  If 

cotrimoxazole is given in low or high dosage, 

patients with vitamin B12 deficiency are more likely 

to develop megaloblastic anaemia [35, 36]. In 

cotrimoxazole induced megaloblastic anaemia, a 

trial dose of folic acid of 5 to 10 mg four times a 

day is given. Megaloblastic anaemia is also linked 

with trimethoprim (in high, prolonged dosages) and 

pyrimethamine, which bind with greater affinity to 

bacterial than human dihydrofolate reductase. This 

association mostly seen in individuals who are 

already at risk for folic acid deficiency. Folate-

related alterations that cause megaloblastic anaemia 

have been associated to antibiotics like 

sulfasalazine and anticonvulsants like phenytoin, 

perhaps due to problems with absorption. 

Decreased cobalamin levels have been 

reported with long-term usage of histamine 2-

receptor antagonists and proton pump inhibitors 

(such as omeprazole) [37, 38]. These drugs may 

reduce the absorption of B12 that is bound to 

proteins, but clinically significant B12 deficiency 

seems to be uncommon despite their 

widespread use. If chemotherapy causes drug-

induced megaloblastic anaemia, then it is 

considered as a side effect. Folate supplements are 

used to treat megaloblastic anaemia caused by 

anticonvulsant drugs [10]. 

 

❖ Thrombocytopenia 

Thrombocytopenia is defined as a drop in 

platelet count below 150 x 109/L, although signs 

and symptoms of hemorrhage (bleeding) are rare, 

until the count drops below 100 x 109/L [39]. Drug-

induced thrombocytopenia has an incidence rate of 

10-18 occurrences per million [40]. Selective bone 

marrow suppression and immunological 

mechanism in which platelet agglutination is 

caused by antibody formation are associated with 

drug-induced thrombocytopenia [41, 42]. 

Thrombocytopenia can be caused by drugs such as 

thiazide diuretics within 7 to 10 days of using 

them. Because platelet precursors are more 

susceptible to cytotoxic drugs than other stem cells. 

Immune-mediated thrombocytopenia is 

characterised by an IgG-mediated response. Several 

mechanisms for the development of this form of 

thrombocytopenia have been proposed, some of 

them are listed below – 

i. Hapten induced immune 

thrombocytopenia  

Example - Penicillin, cephalosporin 

ii. Drug depended antibody mechanism 

Example - Quinine, anticonvulsants, NSAIDs 

Vancomycin is also associated 

with thrombocytopenia and exhibit drug-dependent 

antibodies in the serum [43]. Patients with renal 

insufficiency may experience prolonged 

thrombocytopenia, which is most likely due 

to delay in drug clearance. Antimicrobials 

(sulfanomides, rifampin, linezolid), anti-

inflammatory drugs, antineoplastics, 

antidepressants, benzodiazepines, anticonvulsants 

(carbamazepine, phenytoin, valproic acid), as well 

as cardio vascular and antihypertensive drugs 

are linked to immune thrombocytopenia [44, 45]. 

Heparin is well known to be associated 

with thrombocytopenia, sometimes with arterial or 

venous thrombosis, which, in most cases, poses a 

greater threat than the risk of bleeding [46, 47]. 

Antibodies against the complex of heparin and 

platelet factor 4 (PF4), can lead to activation 

of platelets and initiate thromboses are the cause of 

heparin-induced immune thrombocytopenia. Low 

molecular weight heparins are less frequently 

associated with heparin-induced thrombocytopenia 

than unfractionated heparins. For patients who have 

recently been exposed to heparin and still have PF4 

antibodies, there is often a delay of 5 to 10 days. 

However, in patients who have previously been 

exposed to heparin and have developed an 

anamnestic response, thrombocytopenia can 

happen within hours or within a few days. 

Sometimes heparin-induced acute allergic 

responses, skin necrosis, and venous gangrene can 

happen. In the appropriate clinical setting, the 

diagnosis is supported by evidence of antiheparin 

antibodies, which can be detected by a number of 

assays. These include the more accurate functional 

tests (such as detecting C-14 serotonin platelet 

release in the presence of heparin and serum) and 

the more sensitive serologic assays (such as 

ELISA). In addition to discontinuing the use of 

heparin, treatment includes anticoagulation to 

lower the risk of thrombosis, usually start with 

argatroban, bivalrudin, or lepirudin initially, with 

transition to warfarin. Anticoagulation should be 
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continued for several weeks even after the platelet 

count returns to normal due to the high risk of 

thrombosis at that time. Abciximab (a chimeric Fab 

fragment), eptifibatide, and tirofiban (ligand 

mimetic inhibitors) are widely used in coronary 

angioplasty to reduce thrombosis by impairing 

platelet function through inhibiting the interaction 

between GP IIb/IIIa and fibrinogen. However, they 

can also cause severe thrombocytopenia in a small 

number of patients in addition to the intended 

platelet dysfunction, most likely via a drug-

dependent antibody-mediated mechanism [48]. 

This can start at any time, within hours to days, and 

usually resolves spontaneously in 2–5 days. It 

could happen during the initial or subsequent 

infusions. Most of the patients recover without 

complications though sometimes severe bleeding 

may occur.  If there is considerable bleeding, 

platelet transfusions may be given. Drugs which 

are associated to cause thrombocytopenia should be 

stopped and adequate platelet levels should be 

restored. Quick recovery can occur by the rapid 

elimination of these drugs from body. When the 

platelet count is dangerously low, platelet 

transfusion should be performed. If drug allergy is 

found, corticosteroids can be used. Aspirin and 

NSAIDs reduce platelet counts, thus these should 

be avoided. Quinine and heparin are two drugs 

worth highlighting. Quinine can be found in over-

the-counter (OTC) drugs, tonic water, and soft 

drinks. When anticoagulants are required, an 

alternative to heparin, such as snake venom or 

prostacyclin, should be used.  

 

❖ Methemoglobinemia 

Methemoglobinemia is a hematological 

disorder, which is characterised by abnormal 

formation of methemoglobin (MetHb), which 

causes impairment in the transport of oxygen and 

prevents the release of oxygen effectively to body 

tissues. MetHb is formed when hemoglobin or 

reactive oxygen species are deoxygenated (ROS). 

The superoxide or peroxides change the state of 

iron in the heme group from ferrous (Fe2+) to ferric 

(Fe3+) through oxidization. The normal levels of 

MetHb values in adults should be in between < 

0.14 - 0.175 gm/dl and 0.12 - 0.153 gm/dl [36, 39]. 

MetHb levels in methemoglobinemia are greater 

than 1% of Hb levels in the blood [34-38]. 

Methemoglobinemia is a rare inherited gene 

mutation that can be induced by specific foods or 

drugs. Methemoglobinemia can be acquired or 

congenital (caused by defects in the enzymatic 

degradation of haemoglobin). Anoxia, cyanosis, 

low oxygen saturation and chocolate-brown color 

arterial blood are the initial symptoms seen in most 

of the patients. Oxidizing drugs or metabolically 

activated oxidizing agents (such as nitroglycerin, 

dapsone, sulphonamides, primacine, phenytoin, 

phenacetin, and prilocaine) cause acquired 

methemoglobinemia. Oxidative hemolysis can be 

induced by phenazopyridine, a drug used to treat 

cystitis [49]. Dapsone is used to treat leprosy, 

dermatitis herpetiformis and as a prophylacxis 

of pneumocystis carinii, is converted to a 

hydroxylamine derivative [50]. According to a 

recent study, this is the most frequent reason for 

methemoglobinemia [51]. Methemoglobinemia can 

be induced by primaquine and local anaesthetics 

such as topical or spray benzocaine (used prior 

to upper endoscopic procedures) and 

prilocaine [52, 53]. Amyl nitrite and isobutyl nitrite 

have been implicated also [54]. It is most common 

in those who drink untreated water with high levels 

of nitrate and nitrite [55, 56]. Acquired 

methemoglobinemia is a serious condition that can 

develop to severe consequences such as hemolytic 

anaemia, which can be fatal. Methylene blue 

solution and supplementary oxygen are routinely 

used to treat methemoglobinemia because of its 

rapid action. Methylene blue is not recommended 

as a treatment option for G6PD deficiency patients, 

as it causes methemoglobinemia and increases 

hemolysis [57]. The offending drugs, inducing 

substances or causative agents of 

methemoglobinemia must be stopped and replaced 

with 1 to 2 mg/kg of 1% methylene blue solution 

given intravenously for at least 20 minutes. 

Supplemental oxygen is very much effective for 

asymptomatic patients [58]. Confirmational 

diagnosis is done by the measurement of 

methemoglobin on arterial blood gas sampling. 

 

❖ Sideroblastic Anaemia 

Sideroblastic anaemia is a group of 

disorders characterized by the presence of ringed 

sideroblast (erythroblasts contain iron-positive 

granules surrounding the nucleus) in the bone 

marrow, exhibit impaired heme biosynthesis in 

erythroid progenitors. Sideroblastic anaemia is a 

kind of anaemia that can be inherited or acquired. 

The inherited mechanisms of transmission include 

X linked, autosomal dominant or autosomal 

recessive. When compared to inherited types, 

acquired sideroblastic anaemia is more prevalent. 

Some persons can develop sideroblastic anaemia as 

a result of alcohol addiction [58]. Chemotherapy-

induced myelodysplasias and secondary acute 
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leukemias can cause sideroblastic anaemia [59]. 

Linezolid, a drug used to treat respiratory problems 

and skin infections, has been linked to 

mitochondrial toxicity. When it suppresses the 

synthesis of mitochondrial proteins, it binds to 

mitochondrial ribosomes [60]. Isoniazid, 

chloramphenicol, penicillamine, busulfan, 

triethylenetetramine dihydrochloride (a chelating 

agent used to treat Wilson's disease) and few drugs 

cause reversible sideroblastic anaemia [61, 62]. 

Pyridoxine can be used to treat reversible drug-

induced sideroblastic anaemia caused by isoniazid 

and penicillamine [63]. Discontinuation of these 

offending drugs is the primary treatment option for 

this anaemia [64]. 

 

❖ Pure Red Cell Aplasia (PRCA) 

Pure red cell aplasia is defined as normocytic 

anaemia, reticulocytopenia (abnormal decrease 

of reticulocytes) and erythroblastopenia (bone 

marrow fails to make red blood cells) in the bone 

marrow [65]. It can be inherited or acquired. The 

drug's mechanism may involve one or more of the 

following: -  

i. Drug’s interference with nucleated red cell 

metabolism , 

iii. Immune-mediated responses, including 

antibody production against red cell precursors , 

iv. DNA synthesis inhibition [66]. 

When compared to aplastic anaemia, pure 

red cell aplasia has comparatively normal leukocyte 

and platelet counts. Pure red cell aplasia may 

develop together with a thymoma, lymphoid 

malignancy, parvovirus, rheumatoid arthritis, 

pregnancy. Malnutrition, autoimmune diseases, 

drugs including immunosuppressants (azathioprine, 

FK506, antithymocyte globulin), antibacterials 

(linezolide, isoniazid, rifampin, chloramphenicol), 

antivirals (interferon-alpha, lamivudine, 

zidovudine), fludarabine, anticonvulsants 

(diphenyldrantoin, carbamazepine, valporic acid), 

as well as chloroquine, allopurinol, ribavirin, gold 

salts and infections like mononucleosis, viral 

hepatitis, parvovirus B19 and tuberculosis are the 

most common causes of acquired pure red cell 

aplasia [67,68,69]. Pure red cell aplasia is an acute 

self-limiting and can be idiopathic or secondary 

condition. Pure red cell aplasia and cholestatic liver 

damage are both life-threatening side effects linked 

with dapsone therapy. Pure red cell aplasia has 

been reported to develop after prolonged exposure 

to recombinant human erythropoietin (rHuEPO), 

particularly the brand Eprex, which is mostly used 

in Europe [70–73]. Patients became anti-EPO 

antibody negative and transfusion independent after 

rHuEPO withdrawal and several months of 

immunosuppressive therapy (cyclosporine A). 

Subcutaneous injection can cause pure red cell 

aplasia in renal failing patients. Corticosteroid in 

the form of oral prednisone is used as a treatment 

option for pure red cell aplasia. Corticosteroid 

helps the bone marrow make more red blood cells. 

If corticosteroid will be successful in treating the 

disease, it will be apparent during the first 2 -4 

weeks of treatment (the number of red blood cells 

will increase over this time). 

 

❖ Thrombotic Microangiopathies 

Microangiopathic hemolytic anaemia, 

thrombocytopenia and signs of microvascular 

occlusion are the symptoms of thrombotic 

microangiopathies. It is caused by excess platelet 

aggregation. Low levels of the metalloprotease 

ADAMTS13, which causes the cleavage of von 

Willebrand factor (vWF), have been often linked 

with thrombotic microangiopathies. Two main 

thrombotic microangiopathies are hemolytic-

uremic syndrome (HUS) and thrombotic 

thrombocytopenic purpura (TTP). Thrombotic 

microangiopathies can be developed as a result of 

toxins, pregnancy, infections (including HIV, 

Shigella and E. coli), drugs or idiopathic causes. 

Drug-induced thrombotic microangiopathies have a 

long history, although its mechanism is not fully 

understandable [74–77]. Immune-mediated or 

direct toxicity causing factors are mostly proposed. 

Autoantibodies to the ADAMTS13 protease are 

found in some individuals with drug-induced 

thrombotic microangiopathies. Thrombotic 

microangiopathies incidence appears to be dose-

dependent in few patients, and in many cases, there 

are no "hints" of a mechanism at all. A drug named 

immunosuppressant cyclosporine A (CyA) is 

frequently blamed for causing thrombotic 

microangiopathies. Patients receiving treatment for 

rheumatoid arthritis and uveitis are also frequently 

found with CyA-induced thrombotic 

microangiopathies. This condition is associated 

with the mechanism of Dose-related toxicity. Once 

CyA treatment is reduced or discontinued, 

thrombotic microangiopathy often goes away. The 

chemotherapy treatments mitomycin-C, 

gemcitabine, and cisplatin as well as α-interferon 

and tacrolimus are associated with thrombotic 

microangiopathies [74–76]. It could be challenging 

to distinguish between drug-induced thrombotic 

microangiopathies from anaemia, 

thrombocytopenia and microangiopathy associated 
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with carcinomatosis in patients with metastatic 

adenocarcinoma. There is evidence that mitomycin-

C; a well-recognized nephrotoxin, causes 

thrombotic microangiopathies by a dose-dependent 

direct toxic action on endothelium. Thrombotic 

microangiopathies have also been linked to the 

thienopyridines, ticlopidine (an antiaggregating 

agent) and less commonly clopidogrel [77]. 

Ticlopidine-related TPA is more likely to develop 

after 2 two weeks of therapy, to be linked with low 

ADAMTS13 levels with demonstrable auto-

antibodies and to benefit from plasma exchange 

therapy. Clopidogrel-induced thrombotic 

microangiopathy tends to occur within the first two 

weeks of therapy, is less frequently accompanied 

by low ADAMTS13 levels and auto-antibodies, 

and is less likely to benefit from plasma exchange. 

Quinine can also cause thrombotic 

microangiopathy through immune-mediated 

mechanism. Antibodies against lymphocytes, 

granulocytes, endothelial cells and quinine-

dependent antibodies such as IgG or IgM reactive 

with platelet glycoprotein Ib/IX or IIb/IIIa have 

been discovered in patients with quinine induced 

thrombotic microangiopathy. Plasma exchange and 

quinine withdrawal are often effective treatments 

for thrombotic microangiopathy [78]. 

 

❖ Platelet Dysfunction 

Patients with prolonged bleeding times but 

having normal platelet counts may have the 

disorders of platelet function. While it is frequently 

the intended outcome of some drugs (such as 

aspirin, clopidogrel, and anti-GP IIb/IIIa 

inhibitors), causing platelet dysfunction to decrease 

the risk of thrombosis may also be an undesired 

side effect [79]. When cyclooxygenase-1 (COX-1) 

is acetylated, this cause impaired biosynthesis of 

thromboxane A2 (an essential platelet agonist). 

Aspirin irreversibly acetylates COX-1, causing its 

effect persists even when the drug is no longer in 

circulation. In contrast, nonselective nonsteroidal 

anti-inflammatory drugs reversibly acetylate COX-

1 in order to reduce inflammation. There is some 

evidence that aspirin affects platelet aggregation in 

a dose-dependent manner [80]. By inhibiting 

serotonin uptake, fluoxetine and several tricyclic 

antidepressants cause malfunction. High dosage 

pencillins and other β-lactam antibiotics, 

chemotherapeutic agents (like mithramycin and 

daunorubicin), immunosuppressants and 

phenothiazines are some of drugs that can prevent 

platelet adhesion or aggregation [79]. 

 

❖ Hypercoagulability 

Hypercoagulability can exist, with a 

tendency for both arterial and venous thrombosis. It 

can be acquired or inherited. Factor V Leiden, 

prothrombin G20210A mutation and deficits in the 

proteins C, S or antithrombin III are few examples 

of hereditary thrombophilic disorders. Acquired 

hypercoagulable states can be caused by surgery, 

trauma, pregnancy, antiphospholipid syndrome, 

cancer, and drugs. In addition to being widely used 

as analgesics and anti-inflammatory medications, 

selective COX-2 inhibitors were also being studied 

for their potential ability to lower the risk of polyps 

and colorectal cancer. Selective COX-2 inhibitors 

have less potential for bleeding and gastrointestinal 

toxicity than traditional COX inhibitors. However, 

multiple investigations revealed that celecoxib, 

rofecoxib, and valdecoxib are linked to an increase 

in thrombotic cardiovascular events. [81–83] These 

findings prompted the voluntary removal of 

rofecoxib from the global market and focused 

intense scrutiny on pharmaceutical and FDA 

regulations. Erythropoietin has been linked to an 

increased risk of thrombosis. While erythropoietin 

targets hemoglobin levels and significantly 

improves anaemia caused by renal failure, then it 

can increase cardiovascular morbidity and 

mortality [84]. Questions have also been raised 

about the safety and efficacy of erythropoietin in 

cancer patients, because some studies indicating an 

increased risk of mortality and thrombotic risk in 

erythropoietin treated patients [85]. Guidelines for 

the safer and more constrained use of these agents 

in cancer patients are being updated. Hormone 

replacement therapies including oral 

contraceptives, tamoxifen (a selective estrogen 

receptor modulator with some agonist activity) are 

linked to an increased risk of thrombosis. Use of 

oral contraceptives (mainly some types of 

associated progestin), risk of arterial and venous 

thrombosis may increase with age, inherited 

thrombophilias and smoking [86]. According to the 

Women's Health Initiative study, using estrogen 

and progestin together can cause more than double 

the risk of venous thrombosis as compared to 

placebo control [87]. Raloxifene was discovered to 

have a lower risk of thrombosis and uterine cancer 

than tamoxifen for the chemoprevention of breast 

cancer, suggesting that it may be a safer medication 

in this situation [88]. Similar to tamoxifen, 

aromatase inhibitors such asanastrazole, letrozole, 

or exemestane show a reduced risk of thrombosis 

than tamoxifen when used to treat early or 

advanced breast cancer [89]. Adjuvant 
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chemotherapy for breast cancer with CMF 

(cyclophosphamide, methotrexate, and 

fluorouracil) is also related to hypercoagulability 

[90-92]. Protein levels inhibitors C and S may be 

lower in patients receiving CMF [90]. This 

decreased production of antithrombin III, protein C 

and S increases the risk of thrombosis. When used 

with glucocorticoids, the multiple myeloma 

medications (thalidomide and lenalidomide) have 

been linked to an increased risk of thrombosis [96]. 

Asparaginase, a medication used to treat acute 

lymphoblastic leukaemia, has been linked to 

thrombotic problems [93-95]. It is possible to 

develop arterial and venous thromboses, including 

cerebral venous sinuses. By hydrolyzing the 

necessary amino acid asparagine, L-asparaginase 

prevents protein synthesis. It is recommended to 

use aspirin, warfarin and heparin as preventative 

measures. The use of a less intensive once-weekly 

dexamethasone schedule decreases the thrombotic 

risk in comparison with the standard 4-day high 

dose plan in combination with lenalidomide [96]. 

Skin necrosis may be a side effect of drugs like 

warfarin or heparin that cause thrombosis. Pre-

existing thrombophilic disorders including protein 

C, S, or antithrombin III deficiency are frequently 

linked to warfarin-induced skin necrosis [97]. 

Therapy includes warfarin withdrawal, vitamin K 

administration and anticoagulation with heparin. 

However, heparin can also cause skin necrosis, 

which may be a symptom of the condition of 

heparin-induced thrombocytopenia [98]. A 

monoclonal antibody against vascular endothelial 

growth factor called bevacizumab, which is used to 

treat metastatic breast, lung, and colon cancers, has 

been linked to an increased risk of arterial 

thrombosis, especially in elderly people who are 

already predisposed to cardiovascular problems 

[99]. 

 

❖ Circulating Anticoagulants 

Circulating anticoagulants causes 

excessive bleeding and inhibit clotting factors from 

their normal working. Acquired inhibitors of factor 

VIII are an example of an autoantibody that can be 

idiopathic or secondary to genetic hemophilia, the 

postpartum condition, other autoimmune illnesses, 

cancer, or drugs. Patients with an acquired 

haemophilia syndrome appear with bleeding who 

have low F VIII: c levels and demonstrable F VIII 

inhibitors. Involved drugs include fludarabine, 

interferon, psychotropics and antibiotics [100]. 

Antibody activity resolves with cessation of the 

drug or with the use of immunosuppressive drugs. 

Isoniazid has been linked to an acquired inhibitor 

of factor XIII, which crosslinks and stabilises fibrin 

[101]. Drugs like chlorpromazine, hydralazine, 

phenytoin, quinine, and procainamide may cause 

lupus anticoagulants and antiphospholipid 

antibodies [102, 103]. In these cases, 

hypercoagulability is associated rather than 

hemorrhage. 

 

❖ Hypoprothrombinemia 

The most frequent causes of 

hypoprothrombinemia with prolonged PT/INR are 

liver illness or vitamin K insufficiency. Broad 

spectrum antibiotics are associated with 

hypoprothrombinemia, mainly in individuals who 

are also malnourished. Sulfonamides, ampicillin, 

chloramphenicol, tetracyclines, and cefoxitin all are 

related to the lack of vitamin K-dependent clotting 

factors [104]. Even though these are no longer 

widely used, cephalosporins, particularly which 

contains the N-methyl-thiotetrazole (NMTT) side 

chain (such as moxalactam and cefoperazone), may 

be linked to hypoprothrombinemia [105]. However, 

it is evident that several drugs including antibiotics 

(notably quinolones, macrolides, and azoles) 

modify the pharmacokinetics or dynamics of 

Coumadin (warfarin) while others increase 

bleeding risk through their own processes (e.g., 

aspirin, heparin, ticlopidine, and NSAIDs). Before 

giving such drugs to patients on warfarin, careful 

monitoring and dosage modifications are required. 

 

II. CONCLUSION 
The broad ranges of drug-induced 

hematological disorders are mediated by a number 

of mechanisms including immunological effects, 

interactions with enzyme pathways and direct 

suppression of hematopoiesis. Aplastic anaemia, 

megaloblastic anaemia, and haemolytic anaemia 

are the most frequent drug-induced anemias. Drug-

induced anaemia can be caused by either direct 

immunological response, or drug toxicity. The 

elimination or withdrawal of the causative drugs is 

the primary therapy of drug-induced anaemia. As  

medicines  develops,  older drugs are no longer 

used and replaced by the  newer  formulation  of  

drugs  such  as penicillin,  quinidine,  gold  and 

chloramphenicol are becoming absolute. On the 

other hand, clopidogrel, linezolid, ribavirin and 

GPIIP/IIIa inhibitors are few newer drugs that have 

been linked to hematological side effects. Drug 

induced hematological disorders must be 

understood by medical professionals for the 
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occurrence and treatment of these events to the 

patients. 

 

REFERENCES 
[1]. M Michael. Lubran.Hematologic Side 

Effects of Drugs.Annals of Clinical and 

Laboratory Science. 1989; 19(2): 114-21.  

[2]. Phillip Scheinberg and S Neal. Young. How 

I treat acquired aplastic an aplastic anemia. 

Blood 2012; 120:1185–96.  

[3]. R A Brodsky and R J Jones. Aplastic 

anemia.Lancet.2005; 365: 1647–56. 

[4]. A M Gewirtz, R Hoffman. Current 

considerations of the etiology of aplastic 

anemia.Crit Rev OncolHematol 1985; 4:1–

30. 

[5]. N S Young, R T Calado, and P Scheinberg. 

Current concepts in the pathophysiology and 

treatment of aplastic anemia. Blood 2006; 

108: 2509–19.  

[6]. Aksoy M, Erdem S, Dincol G, Bakioglu I, 

Kutlar A. Aplastic anemia due to chemicals 

and drugs: a study of 108 patients. Sexually 

Transmitted Disease. 1984;11(supplement 

4):347–350.  

[7]. Andrews R, Russell N. Aplastic anemia 

associated with a non-steroidal anti-

inflammatory drug: relapse after exposure to 

another such drug. British Medical 

Journal. 1990;301:p. 38.  

[8]. Alnigenis MN, Nalcaci M, Pekcelen Y, 

Atamer T, Sargin D. Possible etiologic 

factors in 151 Turkish patients with aplastic 

anemia. American Journal of 

Hematology. 2001;68(1):60–61.  

[9]. Baumelou E, Guiguet M, Mary JY. 

Epidemiology of aplastic anemia in France: 

a case-control 

study. Blood. 1993;81(6):1471–1478. 

[10]. Roger Walker. Clinical Pharmacy and 

Therapeutics. 2012; 5th edition: 655-663.  

[11]. G. Garratty and P. A. Arndt, An update on 

drug-induced immune hemolyticanemia, 

Immunohema-tology, 2007; 23(2): 105–119.  

[12]. Bhatt V, Saleem A. Drug-induced 

neutropenia—pathophysiology, clinical 

features, and management. Annals of 

Clinical and Laboratory 

Science. 2004;34(2):131–137.  

[13]. Tavassoli N, Duchayne E, Sadaba B, et al. 

Detection and incidence of drug-induced 

agranulocytosis in hospital: a prospective 

analysis from laboratory signals. European 

Journal of Clinical 

Pharmacology. 2007;63(3):221–228.  

[14]. Andersohn F, Konzen C, Garbe E. 

Systematic review: agranulocytosis induced 

by nonchemotherapy drugs. Annals of 

Internal Medicine. 2007;146(9):657–665.  

[15]. Chaiwatanatorn K, Lee N, Grigg A, Filshie 

R, Firkin F. Delayed-onset neutropenia 

associated with rituximab therapy. British 

Journal of Haematology. 2003;121(6):913–

918. 

[16]. Dale DC, Fauci As, Guerry D, Wolff SM. 

Comparison of agents producing a 

neutrophilic leukocytosis in man. Journal of 

Clinical Investigation. 1975;56:808–813.  

[17]. Shoenfeld Y, Gurewich Y, Gallant LA, 

Pinkhas J. Prednisone-induced leukocytosis. 

Influence of dosage, method and duration of 

administration on the degree of 

leukocytosis. American Journal of 

Medicine. 1981;71(5):773–778.  

[18]. Roath S, Choudhury D, Edwards JG, Francis 

JL, Gordon A. Neutrophil mobilization in 

lithium-induced neutrophilia. Human 

Psychopharmacology. 2004;2:237–241.  

[19]. Cohen PR. Sweet's syndrome—a 

comprehensive review of an acute febrile 

neutrophilicdermatosis. Orphanet Journal of 

Rare Diseases. 2007;2(1):p. 34. 

[20]. Tefferi A, Patnaik MM, Pardanani A. 

Eosinophilia: secondary, clonal and 

idiopathic. British Journal of 

Haematology. 2006;133(5):468–492.  

[21]. Tas S, Simonart T. Management of drug 

rash with eosinophilia and systemic 

symptoms (DRESS syndrome): an 

update. Dermatology. 2003;206(4):353–356. 

[22]. Robinson N, Giraud S, Saudan C, et al. 

Erythropoietin and blood doping. British 

Journal of Sports 

Medicine. 2006;40(supplement 1):i30–i34.  

[23]. Mauritzson N, Albin M, Rylander L, et al. 

Pooled analysis of clinical and cytogenetic 

features in treatment-related and de novo 

adult acute myeloid leukemia and 

myelodysplastic syndromes based on a 

consecutive series of 761 patients analyzed 

1976–1993 and on 5098 unselected cases 

reported in the literature 1974–

2001. Leukemia. 2002;16(12):2366–2378.  

[24]. Smith SM, Le Beau MM, Huo D, et al. 

Clinical-cytogenetic associations in 306 

patients with therapy-related myelodysplasia 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp: 823-836 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/7781-0704823836       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 833 

and myeloid leukemia: the University of 

Chicago series. Blood. 2003;102(1):43–52.  

[25]. Smith RE, Bryant J, DeCillis A, Anderson S. 

Acute myeloid leukemia and 

myelodysplastic syndrome after 

doxorubicin-cyclophosphamide adjuvant 

therapy for operable breast cancer: the 

National Surgical Adjuvant Breast and 

Bowel Project Experience. Journal of 

Clinical Oncology. 2003;21(7):1195–1204.  

[26]. Roboz GJ, Bennett JM, Coleman M, et al. 

Therapy-related myelodysplastic syndrome 

and acute myeloid leukemia following initial 

treatment with chemotherapy plus 

radioimmunotherapy for indolent non-

Hodgkin lymphoma. Leukemia 

Research. 2007;31(8):1141–1144.  

[27]. Amit Kumar, V N Jha and Nimisha. 

Megaloblastic Anemia – An 

Underdiagnosed Public Health Problem. 

World Journal of Pharmaceutical and 

Medical Research 2018,4(2), 100-101.  

 

[28]. Arndt PA, Garratty G. The changing 

spectrum of drug-induced immune 

hemolytic anemia. Seminars in 

Hematology. 2005;42(3):137–144.  

[29]. Johnson ST, Fueger JT, Gottschall JL. One 

center's experience: the serology and drugs 

associated with drug-induced immune 

hemolytic anemia—a new 

paradigm. Transfusion. 2007;47(4):697–

702.  

[30]. Gaines AR. Disseminated intravascular 

coagulation associated with acute 

hemoglobinemia or hemoglobinuria 

following Rho(D) immune globulin 

intravenous administration for immune 

thrombocytopenic 

purpura. Blood. 2005;106(5):1532–1537.  

[31]. Borthakur G, O'Brien S, Wierda WG, et al. 

Immune anaemias in patients with chronic 

lymphocytic leukaemia treated with 

fludarabine, cyclophosphamide and 

rituximab—incidence and predictors. British 

Journal of Haematology. 2007;136(6):800–

805.  

[32]. Beuter E. G6PD 

deficiency. Blood. 1994;84:3613–3636.  

[33]. McHutchison JG, Manns MP, Brown RS, 

Jr., Reddy KR, Shiffman ML, Wong JB. 

Strategies for managing anemia in hepatitis 

C patients undergoing antiviral 

therapy. American Journal of 

Gastroenterology. 2007;102(4):880–889.  

[34]. Scott JM, Weir DG. Drug-induced 

megaloblastic change. Clinics in 

Haematology. 1980;9(3):587–606.  

[35]. N L Kobrinsky and N K Ramsay. Acute 

megaloblastic anemia induced by high-dose 

trimethoprim-sulfamethoxazole. Ann Intern 

Med 1981; 94: 780-781.  

[36]. F Magee, O’H Sullivan and S R McCann. 

Megaloblastosis and low-dose trimethoprim-

sulfamethoxa-zole. Ann Intern Med 1981; 

95: 657-661.  

[37]. Bellou A, Aimone-Gastin I, De Korwin J-D, 

et al. Cobalamin deficiency with 

megaloblasticanaemia in one patient under 

long-term omeprazole therapy. Journal of 

Internal Medicine. 1996;240(3):161–164.  

[38]. Ruscin JM, Page RL, II, Valuck RJ. Vitamin 

B12 deficiency associated with histamine2-

receptor antagonists and a proton-pump 

inhibitor. Annals of 

Pharmacotherapy. 2002;36(5):812–816. 

[39]. N Patel, H Vandewall, and L Tristani. A 

comparative evaluation of adverse platelet 

outcomes among Veterans’ Affairs patients 

receiving linezolid or vancomycin. J 

AntimicrobChemother 2012;67(3):725–735  

[40]. P M Van den Bemt, R H Meyboom and A C 

Egberts.Drug-induced immune 

thrombocytopenia.Drug Safety.2004; 27: 

1243-1252. 

[41]. N.James George and H Richard. AsterDrug-

induced thrombocyte-penia: pathogenesis, 

evaluation, and management. Hematology 

(Am SocHematolEduc Program) 2009: 153–

158  

[42]. B Kenney and Stack G. Drug-induced 

thrombocytopenia. Arch Pathol Lab Med 

2009; 133(2): 309–31  

[43]. von Drygalski A, Curtis BR, Bougie DW, et 

al. Vancomycin-induced immune 

thrombocytopenia. The New England 

Journal of Medicine. 2007;356(9):904–910.  

[44]. Aster RH, Bougie DW. Drug-induced 

immune thrombocytopenia. The New 

England Journal of 

Medicine. 2007;357(6):580–587.  

[45]. Visentin GP, Liu CY. Drug-induced 

thrombocytopenia. Hematology/Oncology 

Clinics of North America. 2007;21(4):685–

696.  



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp: 823-836 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/7781-0704823836       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 834 

[46]. Arepally GM, Ortel TL. Heparin-induced 

thrombocytopenia. The New England 

Journal of Medicine. 2006;355(8):809–817.  

[47]. Wartenkin TE. Heparin-induced 

thrombocytopenia. Hematology/Oncology 

Clinics of North America. 2007;21:589–

607.  

[48]. Aster RH, Curtis BR, Bougie DW. 

Thrombocytopenia resulting from sensitivity 

to GPIIb-IIIa inhibitors. Seminars in 

Thrombosis and 

Hemostasis. 2004;30(5):569–577. 

[49]. Daly JS, Hultquist DE, Rucknagel DL. 

Phenazopyridine 

inducedmethaemoglobinaemia associated 

with decreased activity of erythrocyte 

cytochrome b5 reductase. Journal of Medical 

Genetics. 1983;20(4):307–309.  

[50]. Ward KE, McCarthy MW. Dapsone-induced 

methemoglobinemia. Annals of 

Pharmacotherapy. 1998;32(5):549–553.  

[51]. Ash-Bernal R, Wise R, Wright SM. 

Acquired methemoglobinemia: a 

retrospective series of 138 cases at 2 

teaching 

hospitals. Medicine. 2004;83(5):265–273.  

[52]. Collins JF. Methemoglobinemia as a 

complication of 20% benzocaine spray for 

endoscopy. Gastroenterology. 1990;98(1):21

1–213.  

[53]. Srikanth MS, Kahlstrom R, Oh KH, Fox SR, 

Fox ER, Fox KM. Topical benzocaine 

(Hurricaine) induced methemoglobinemia 

during endoscopic procedures in gastric 

bypass patients. Obesity 

Surgery. 2005;15(4):584–590.  

[54]. Coleman MD, Coleman NA. Drug-induced 

methaemoglobinaemia treatment 

issues. Drug Safety. 1996;14(6):394–405.  

[55]. Ying-Fu Su, Successful treatment of 

methemoglobinemia in an elderlycouple 

with severe cyanosis: twocase reports. 

JMedCase REP 2012; 6: 290.  

[56]. SrikanthVallurupalliandShaliniManchanda 

Risk of acquired methemoglobinemia with 

different  topical anesthetics during 

endoscopic procedures. Local 

RegAnesth2011; 4: 25-8.  

[57]. E M McDonagh,: Methylene blue pathway. 

Pharmacogenet Genomics 2013; 23: 498-

508.  

[58]. HaticeTopal and YasarTopal. Toxic 

Methemoglobinemia Treated With Ascorbic 

Acid: Case ReportIran Red Crescent Med J. 

2013; 15(12): e12718.  

[59]. Kitahara M, Cosgriff TM, Harmon E. 

Sideroblastic anemia as a preleukemic event 

in patients treated for Hodgkin's 

disease. Annals of Internal 

Medicine. 1980;92:625–627.  

[60]. Thierry Alcindor and RKenneth Bridges 

Sideroblasticanaemia. 2002; 116 (4): 733-

743  

[61]. R. A. Sharp, J. G. Lowe and R. N. Johnston, 

“Anti-tuberculousdrugs and 

sideroblasticanaemia,” British Journal of 

Clinical Practice, 1990; 44 (12). 7 06–707.  

[62]. S Ammus and AA.Yunis. Drug-induced red 

cell dyscrasias.Blood Rev. 1989;3(2):71-82.  

[63]. L A Fernandez and E Zayed.Busulfan-

induced sideroblasticanemia. Am J Hematol. 

1988; 28(3):199–200.  

[64]. L Kandola, A J Swannell, and A 

HunterAcquiredsideroblasticanaemia 

associated with penicillamine therapy for 

rheumatoid arthritis.Ann Rheum Dis. 1995; 

54(6): 529–530.  

[65]. N Frickhofen, Z J Chen, N S Young, B J 

Cohen, H Heimpel and J L Abkowitz. 

Parvovirus B19 as a cause of acquired 

chronic pure red cell aplasia. Br J Haematol. 

1994;87(4):818-24.  

[66]. B Saikia, H Aneja, A Manchanda, R 

Patowary and B Barman. Carbamazepine-

induced Pure Red Cell Aplasia in a Young 

Girl. Indian Journal of Medical Specialities 

Trust 2010; 1(2): 130-133.  

[67]. R A Sharma, P Hiwarkar, M V Manglani 

and H P Muralidhar. Acquired pure red cell 

aplasia in a child. J Postgrad Med, 2002; 48: 

37-38.  

[68]. Smalling R, Foote M, Molineux G, Swanson 

SJ, Elliott S. Drug-induced and antibody-

mediated pure red cell aplasia: a review of 

literature and current 

knowledge. Biotechnology Annual 

Review. 2004;10:237–249.  

[69]. Tanaka N, Ishida F, Tanaka E. Ribavirin-

induced pure red-cell aplasia during 

treatment of chronic hepatitis C. The New 

England Journal of 

Medicine. 2004;350(12):1264–1265.  

[70]. Casadevall N, Nataf J, Viron B, et al. Pure 

red-cell aplasia and antierythropoietin 

antibodies in patients treated with 

recombinant erythropoietin. The New 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp: 823-836 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/7781-0704823836       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 835 

England Journal of 

Medicine. 2002;346(7):469–475.  

[71]. Summers SA, Matijevic A, Almond MK. 

Successful re-introduction of recombinant 

human erythropoietin following antibody 

induced pure red cell aplasia. Nephrology 

Dialysis Transplantation. 2004;19(8):2137–

2139.  

[72]. Verhelst D, Rossert J, Casadevall N, Kruger 

A, Eckardt K-U, Macdougall IC. Treatment 

of erythropoietin-induced pure red cell 

aplasia: a retrospective study. The 

Lancet. 2004;363(9423):1768–1771.  

[73]. Bennett CL, Luminari S, Nissenson AR, et 

al. Pure red-cell aplasia and epoetin 

therapy. The New England Journal of 

Medicine. 2004;351(14):1403–1408.  

[74]. Pisoni R, Ruggenenti P, Remuzzi G. Drug-

induced thrombotic microangiopathy: 

incidence, prevention and 

management. Drug Safety. 2001;24(7):491–

501.  

[75]. Zakarija A, Bennett C. Drug-induced 

thrombotic microangiopathy. Seminars in 

Thrombosis and 

Hemostasis. 2005;31(6):681–690.  

[76]. Medina PJ, Sipols JM, George JN. Drug-

associated thrombotic thrombocytopenic 

purpura-hemolytic uremic 

syndrome. Current Opinion in 

Hematology. 2001;8(5):286–293.  

[77]. Bennett CL, Kim B, Zakarija A, et al. Two 

mechanistic pathways for thienopyridine-

associated thrombotic thrombocytopenic 

purpura.A report from the SERF-TTP 

Research Group and the RADAR 

Project. Journal of the American College of 

Cardiology. 2007;50(12):1138–1143.  

[78]. Kojouri K, Vesely SK, George JN. Quinine-

associated thrombotic thrombocytopenic 

purpura-hemolytic uremic syndrome: 

frequency, clinical features, and long-term 

outcomes. Annals of Internal 

Medicine. 2001;135(12):1047–1051. 

[79]. Tseeng S, Arora R. Reviews: aspirin 

resistance: biological and clinical 

implications. Journal of Cardiovascular 

Pharmacology and 

Therapeutics. 2008;13(1):5–12.  

[80]. Shen Y-MP, Frenkel EP. Acquired platelet 

dysfunction. Hematology/Oncology Clinics 

of North America. 2007;21(4):647–661. 

[81]. Mukherjee D, Nissen SE, Topol EJ. Risk of 

cardiovascular events associated with 

selective COX-2 inhibitors. Journal of the 

American Medical 

Association. 2001;286(8):954–959.  

[82]. Kearney PM, Baigent C, Godwin J, Halls H, 

Emberson JR, Patrono C. Do selective 

cyclo-oxygenase-2 inhibitors and traditional 

non-steroidal anti-inflammatory drugs 

increase the risk of atherothrombosis? Meta-

analysis of randomised trials. British 

Medical Journal. 2006;332(7553):1302–

1305.  

[83]. Kerr DJ, Dunn JA, Langman MJ, et al. 

Rofecoxib and cardiovascular adverse events 

in adjuvant treatment of colorectal 

cancer. The New England Journal of 

Medicine. 2007;357(4):360–369.  

[84]. Singh AK, Szczech L, Tang KL, et al. 

Correction of anemia with epoetinalfa in 

chronic kidney disease. The New England 

Journal of Medicine. 2006;355(20):2085–

2098.  

[85]. Bohlius J, Wilson J, Seidenfeld J, et al. 

Recombinant human erythropoietins and 

cancer patients: updated meta-analysis of 57 

studies including 9353 patients. Journal of 

the National Cancer 

Institute. 2006;98(10):708–714.  

[86]. Vandenbroucke JP, Rosing J, Bloemenkamp 

KWM, et al. Oral contraceptives and the risk 

of venous thrombosis. The New England 

Journal of Medicine. 2001;344(20):1527–

1535.  

[87]. Cushman M, Kuller LH, Prentice R, et al. 

Estrogen plus progestin and risk of venous 

thrombosis. Journal of the American 

Medical Association. 2004;292(13):1573–

1580.  

[88]. Vogel VG, Costantino JP, Wickerham DL, 

et al. Effects of tamoxifenvsraloxifene on 

the risk of developing invasive breast cancer 

and other disease outcomes: the NSABP 

Study of Tamoxifen and Raloxifene (STAR) 

P-2 trial. Journal of the American Medical 

Association. 2006;295(23):2727–2741.  

[89]. Howell A, Cuzick J, Baum M. Results of the 

ATAC (Arimidex, Tamoxifen, Alone or in 

Combination) trial after completion of 5 

years' adjuvant treatment for breast 

cancer. The Lancet. 2005;365:60–62.  

[90]. Rogers JS, II, Murgo AJ, Fontana JA, Raich 

PC. Chemotherapy for breast cancer 

decreases plasma protein C and protein 

S. Journal of Clinical 

Oncology. 1988;6(2):276–281.  



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp: 823-836 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/7781-0704823836       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 836 

[91]. Saphner T, Tormey DC, Gray R. Venous 

and arterial thrombosis in patients who 

received adjuvant therapy for breast 

cancer. Journal of Clinical 

Oncology. 1991;9(2):286–294.  

[92]. Pritchard KI, Paterson AHG, Paul NA, Zee 

B, Fine S, Pater J. Increased 

thromboembolic complications with 

concurrent tamoxifen and chemotherapy in a 

randomized trial of adjuvant therapy for 

women with breast cancer. Journal of 

Clinical Oncology. 1996;14(10):2731–

2737.  

[93]. Alberts SR, Bretscher M, Wiltsie JC, O'Neill 

BP, Mokri B, Witzig TE. Thrombosis 

related to the use of L-asparaginase in adults 

with acute lymphoblastic leukemia: a need 

to consider coagulation monitoring and 

clotting factor replacement. Leukemia and 

Lymphoma. 1999;32(5-6):489–496.  

[94]. Payne JH, Vora A. Thrombosis and acute 

lymphoblastic leukaemia. British Journal of 

Haematology. 2007;138:430–445.  

[95]. Caruso V, Iacoviello L, Di Castelnuovo A, 

et al. Thrombotic complications in childhood 

acute lymphoblastic leukemia: a meta-

analysis of 17 prospective studies 

comprising 1752 pediatric 

patients. Blood. 2006;108(7):2216–2222.  

[96]. Palumbo A, Rajkumar SV, Dimopoulos MA, 

et al. Prevention of thalidomide- and 

lenalidomide-associated thrombosis in 

myeloma. Leukemia. 2008;22(2):414–423.  

[97]. Chan YC, Valenti D, Mansfield AO, 

Stansby G. Warfarin induced skin 

necrosis. British Journal of 

Surgery. 2000;87(3):266–272.  

[98]. Warkentin TE, Roberts RS, Hirsh J, Kelton 

JG. Heparin-induced skin lesions and other 

unusual sequelae of the heparin-induced 

thrombocytopenia syndrome: a nested cohort 

study. Chest. 2005;127(5):1857–1861.  

[99]. Scappaticci FA, Skillings JR, Holden SN, et 

al. Arterial thromboembolic events in 

patients with metastatic carcinoma treated 

with chemotherapy and 

bevacizumab. Journal of the National Cancer 

Institute. 2007;99(16):1232–1239. 

[100]. Franchini M, Capra F, Nicolini N, et al. 

Drug-induced anti-factor VIIII antibodies: a 

systematic review. Medical Science 

Monitor. 2007;13:55–61.  

[101]. Otis PT, Feinstein DI, Rapaport SI, Patch 

MJ. An acquired inhibitor of fibrin 

stabilization associated with isoniazid 

therapy: clinical and biochemical 

observations. Blood. 1974;44(6):771–781.  

[102]. Austin S, Cohen H. Antiphospholipid 

syndrome. Medicine. 2006;34(11):472–475.  

[103]. Clauser S, Fischer A, Darnige L. Quinine-

induced lupus anticoagulant, 

hypoprothrombinemia, and antiprothrombin 

antibodies. American Journal of 

Hematology. 2007;82:p. 330. 

[104]. Shevchuk YM, Conly JM. Antibiotic-

associated hypoprothrombinemia: a review 

of prospective studies, 1966–1988. Reviews 

of Infectious Diseases. 1990;12(6):1109–

1126.  

[105]. Strom BL, Schinnar R, Gibson GA, Brennan 

PJ, Berlin JA. Risk of bleeding and 

hypoprothrombinaemia associated with 

NMTT side chain antibiotics: using 

cefoperazone as a test 

case. Pharmacoepidemiology and Drug 

Safety. 1999;8(2):81–94.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 7, Issue 4 July-Aug 2022, pp: 823-836 www.ijprajournal.com   ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/7781-0704823836       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 837 

Author(s) Profile 
 

Mr. Manish Kumar Maity  

Department of Pharmacy Practice, 

Maharishi Markandeshwar (Deemed to be 

University), Mullana – 133207, Ambala, 

India.  

He is a student of PharmD 4th year, Department of 

Pharmacy Practice, MM college of Pharmacy, MM 

(Deemed to be university), Mullana – 133207, Ambala, 

India. He is a member of International Pharmaceutical 

Federation, Netherlands. He had attended more than 100 

conferences at national and International level. 

 

Dr. Mamta Naagar 

Department of Pharmacy Practice, 

Maharishi Markandeshwar (Deemed to be 

University), Mullana – 133207, Ambala, 

India.  

She has been completed B Pharm from PDM College of 

Pharmacy, Bahadurgarh, Haryana and PharmD (PB) 

from NIMS University, Jaipur, Rajasthan. She had more 

than 2 years of teaching experience as an Assistant 

Professor in Department of Pharmacy Practice, MM 

College of Pharmacy, MM (Deemed to be University), 

Mullana - 133207, Ambala, India. She had 6months of 

experience as a Hospital Pharmacist in Devki Indravati 

Hospital, New Delhi. She had completed 10 days skill 

development programme on “Basic and Regulatory 

Aspects of Pharmacovigilance : Striving for Excellence” 

organized by Pharmacovigilance Programme of India 

(PVPI), Indian Pharmacopoeia Commission Ministry of 

Health & Family Welfare , Govt of India. She had done 

her PharmD project on the topic of “Assessment of Drug 

Prescribing Pattern using W.H.O Prescribing Indicators”. 

She is actively involved in research. She had more than 5 

Published Research Papers and 2 case study has been 

published. Currently, 1 PharmD student doing his project 

under her guidance. She had 2 B Pharm and 2 PharmD 

students Project guidance to her credit. Major trust areas 

of her research interests include Drug Related Problem, 

Medication Error, Anti microbial resistance, 

Pharmacovigilance and Pharmacoepidemiology. She is 

GPAT qualified. She has attended more than 250 

conferences at national and International Level.  

 


