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Abstract 

Perianal infection (PI) is one of the complications often found in acute leukemia 
patients who received induction and consolidation chemotherapy. Perianal mucosal 
damage in these patients can be a port of entry of pathogenic microorganism. Clinical 
manifestations of PI can range from abscess and fistula to life-threatening 
complications of tissue necrosis and sepsis. Patients with neutropenia sometimes do 
not show profound signs of inflammation so that diagnosis sometimes requires 
imaging studies. These conditions not only cause death, but also decreases the 
patient's quality of life. Management of PI includes surgical and nonsurgical 
procedures, both of which show good results in most patients, however complications 
such as sepsis and necrosis can still be found. Prevention and early diagnosis of PI in 
leukemia patients are important and need to be developed. 
 
Keywords: acute leukemia, chemotherapy, management, neutropenia, perianal 
infections  

 

Abstrak 

 
Infeksi perianal (IP) merupakan salah satu komplikasi yang sering ditemukan pada 
pasien leukemia akut yang mendapatkan kemoterapi induksi dan konsolidasi. Pasien 
tersebut mengalami kerusakan mukosa perianal yang dapat menjadi port de entrée 
mikroorganisme patogen. Manifestasi klinis IP dapat berupa abses dan fistula hingga 
komplikasi nekrosis jaringan dan sepsis yang mengancam nyawa. Pasien dengan 
neutropenia terkadang tidak menunjukkan tanda inflamasi yang jelas sehingga 
penegakan diagnosis membutuhkan pemeriksaan penunjang dengan pencitraan. IP 
tidak hanya menyebabkan kematian, namun juga menurunkan kualitas hidup pasien. 
Tata laksana IP meliputi tindakan non-bedah dan bedah. Kedua tindakan tersebut 
menunjukkan hasil yang cukup baik pada sebagian besar pasien, namun komplikasi 
berupa nekrosis dan sepsis tetap dapat ditemukan. Untuk mengatasi hal tersebut 
perlu dikembangkan cara pencegahan dan diagnosis dini.     
                                                                                             
Kata kunci: infeksi perianal, kemoterapi, leukemia akut, tata laksana, pencegahan 
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Background 

Leukemia is a group of hematologic malignancy 

characterized by abnormal leukocyte proliferation 

and development. Until recently chemotherapy is one 

of the treatment options for leukemia. During 

induction-consolidation chemotherapy, neutropenia 

occurs and causes patients with leukemia become 

susceptible to infections.1-3 One of the infections that 

frequently found is perianal infections (PI) which can 

manifest as abscess and fistula.1,3 If it is not treated 

quickly, it will cause widespread infection and life-

threatening sepsis.3,4 

A study by Chen et al in Taiwan in 2013, which 

involved 1,102 adult patients with acute leukemia 

from 2001 to 2010 showed PI prevalence of 6.7% (74 

patients). Twenty-three (31%) of 74 patients had 

recurrent PI.2 A retrospective study from Turkey in 2016, 

with 79 acute leukemia patients who received 

chemotherapy, found that 34 patients had anorectal 

infection.3 Other data from a study in Canada by Renzi 

et al In 2019, found 233 pediatric patients with acute 

myeloid leukemia (AML), 7% of the subjects experien-

ced PI in the form of abscesses.1 Based on data from 

Global Burden Cancer Study (GLOBOCAN) in 2020, 

the increase in the new number of leukemia cases in 

Indonesia was 14,979 cases with number of deaths of 

11,530 cases.5 However, there are no data that show 

the prevalence of PI either in adults or children. 

Clinical Manifestation of Perianal 
Infections 

The most common clinical manifestation of PI are 

abscess and fistula.1,3,4,6 It is often accompanied by 

severe pain, swelling, and constipation.2 

1. Abscess 

An abscess is a localized collection of fluid. Perianal 

abscess occurs due to infection of cryptoglandular 

glands by bacteria. The inflammatory response begins 

with a neutrophil response, followed by the formation of 

pus which then formed an abscess. Abscess may 

form in submucosa, intermuscular, supralevator, and 

ischiorectal. The infection may resolve with an immune 

response or may become more severe, causing pain, 

swelling, and drainage.4 In 2017, Chang et al. 

conducted a retrospective study of 292 patients data 

and found that in acute leukemia patients who 

received chemotherapy, the incidence of perianal 

abscess (PA) ranged from 5–9%. This study showed 

a low mortality rate of 14.3%, but it showed that 

patients with AP had a 10-fold risk experienced 

recurrent abscess after subsequent chemotherapy.6,7 

2. Fistula 

An abscess may heal permanently, but it may relapse 

in the same location and form drainage. This drainage 

or channel connects glands of cryptoglandular anal 

and perianal skin, this channel is called a perianal 

fistula (PF). It is estimated that one third of patients 

with PA may experience PF formation. PA is the 

acute manifestation of PI, and PF is the chronic 

manifestation.2,4 

Pathogenesis 

Leukemia is a group of blood malignancy disease 

characterized by the growth of immature progenitor 

cells in the bone marrow. Based on the degree of cell 

differentiation, leukemia can be classified into acute 

and chronic leukemia, while based on the dominant 

cell type involved, it can be divided into myeloid and 

lymphocytic. This disease may often cause thrombo-

cytopenia, anemia and leukopenia. The exact cause 

of leukemia is unknown, non-specific symptoms 

include fever, fatigue, weight loss, bone pain, 

bruising, or bleeding. Acute leukemia can be divided 

into three types including, acute myeloid leukemia 

(AML), acute lymphocytic leukemia (ALL) and the 

rare form which mixed form or mixed phenotype acute 

leukemia (MPAL).9 

Patients with leukemia are susceptible to infection. 

Infection is caused by complex interaction between 

disease, immune system, and pathogenic bacteria, 

causing significant morbidity and mortality. The 

severity of infection is influenced by several factors, 

the disease-related factors, patient-related factors 

and treatment-related factors.9 (Figure 1)  

Leukemia treatment, particularly chemotherapy is 

divided into induction phase, consolidation phase and 

maintenance phase. Induction phase chemotherapy 

is the first chemotherapy that aims to destroy leukemia 

cells in the bone marrow. Consolidation phase is a 

follow-up treatment to remove residual leukemia cells 

after induction phase, while maintenance phase is 

provided to prevent recurrence and maintain long-

term remission. 

1. Disease-related factors 

In patients with leukemia, the normal function of bone 

marrow become disrupted so that proliferative cells 

experience abnormal maturation (immature) and 
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result in the interference of granulocyte function and 

decrease in the number of immune cells in the blood 

circulation. It makes the organism more susceptible 

to infection. Furthermore, abnormal cells have the 

potential to inhibit response of antigen specific T-cells, 

in addition there is a decrease in the humoral immune 

system, therefore most patients will experience 

immunoglobulin deficiency.9 In AML there is a unique 

immune dysregulation which can avoid the body's 

immune system by controlling and actively suppresses 

the immune response (immune editing and immune 

evasion).10 Certain chemotherapy regiments at 

induction phase in AML also causes neutropenia that 

last longer than the induction phase in ALL, so that the 

incidence and the severity of infection in AML patients 

is higher than in ALL patients.9,10 

2. Patient-related factors 

a. Age 

Patient’s age is important in assessing the risk of 

infection in acute leukemia patients. The natural function 

of the immune system declines with increasing age, 

such as the function of B and T cells. In elderly people 

the condition of imbalance between inflammatory and 

anti-inflammatory mechanisms leads to remodeling 

and the up regulation of pro-inflammatory cytokines. 

This condition known as immunosenescence and 

caused a modification of apoptotic lymphocytes.10 

Elderly patients also often have comorbidities that 

affect the choice and dose of treatment, thereby 

increase the risk of disease morbidity and mortality.11 

b. Nutrition 

Nutrition is also considered as one of the factors that 

influence infection susceptibility. Nutritional problems 

are often associated with side effects of leukemia 

treatment, such as nausea and vomiting. Reduced 

food intake, low baseline body mass index (BMI) and 

weight loss during treatment are strong indicators of 

low survival rates and bacterial and fungal infection.15 

3. Treatment-related factors 

Leukemia treatment requires intensive chemotherapy 

with certain drug doses and might last for certain 

period of time so that result in prolonged neutropenia. 

The risk of infection is influenced by the degree and 

duration of the neutropenia. Gill et al found cytopenia 

in patient with chronic lymphocytic leukemia (CLL) 

namely the decrease in the number of mature blood 

cells, which lasts more than 3 months after 

combination chemotherapy with fludarabine.16 This 

condition is associated with susceptibility to infection 

including prolonged neutropenia. A study by Solmaz 

showed that leukemia patients in the neutropenic 

period were more susceptible to anorectal infections 

that manifest as abscess or fistula.3 

Leukemia patients who receive chemotherapy will 

experience mucosal barrier injury, or often called 

mucositis.17.18 Under normal circumstances mucosa 

will protect the body against pathogenic micro-

organisms and at the same time it provides defense 

against normal microorganisms (resident micro-

organisms). Damage on the mucosa of gastro-

intestinal tract could be a place for microorganisms to 

enter (port de entrée) and potentially causing 

infection. As a result, infection in leukemia patients is 

frequently caused by normal microorganisms that 

inhabit the skin, oral cavity, and gastrointestinal tract, 

such as, E. coli, Klebsiella spp. and Viridans group 

streptococci. These organisms under normal 

circumstances can be found in large numbers but it 

does not cause any infection symptoms.19 

Leukemia treatment also affects the colonization of 

bacteria or the normal flora of the gastrointestinal 

tract (GIT) which we call the commensal microbiota. 

Furthermore, the decrease in the number of the 

normal flora will reduce microbial diversity which 

plays a role in suppressing infection.19 The change in 

GIT microbiota happened through indirect and direct 

mechanism (Figure 1) 

Indirect mechanisms (Fig. 2 A–C) involve the gut 

microbiota in defense against pathogenic bacteria 

through direct and indirect mechanisms of action. 

Commensal bacterial species and their products interact 

with the host by producing antimicrobial peptides, 

maintaining the epithelial barrier, and modulating bile 

acids. Antimicrobial proteins are REG3 gamma 

protein and angiogenin-4 (ANG4). The proinflamma-

tory cytokine IL-18 increases the production of anti-

microbial peptides, including ANG4. Certain commensal 

bacteria, such as Clostridium scindens, can cause 

hydroxylation of primary bile acids to secondary bile 

acids using the 7α-hydroxysteroid dehydrogenase 

enzyme, which inhibits the growth of C. difficile. The 

microbiota also maintains the epithelial barrier by 

producing mucus, and transcription activation of 

nuclear factor-κB (NF-κB) in epithelial cells to delay 

apoptosis and repair tissue. 
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Figure 1. Interactions of factors that influences the pathogenesis of PI in leukemia patients. 
Quoted with modification from reference no. 9 

 

Figure 2. A-C: Indirect mechanisms, D-F: Direct mechanisms.  

Quoted with modification from references no. 2 
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Direct mechanisms of colonization resistance include 

bacteriocin production, nutrient depletion, and the 

type VI secretion system (Fig. 2 D-F). Several 

commensal bacterias have been identified to produce 

bacteriocins with a narrow spectrum of activity, which 

inhibit specific pathogens with minimal impact against 

other commensal microbiota (Fig. 2 D). In addition, 

commensal microbiota will compete with pathogens 

in receiving various nutrients, including food and 

carbohydrates that are obtained from the host, as well 

as producing metabolites such as succinate, that 

decrease pathogens colonization (Fig.2 E).17-19  

The use of broad-spectrum antibiotics, particularly 

beta-lactams and cephalosporins, is a routine 

practice to prevent opportunistic infection in patients. 

However, there are consequences of inappropriate 

antibiotics use. Its administration will affect the 

number of gastrointestinal tract microbiota, so that 

the colonization of certain bacteria such as 

Clostridium difficile will increase and cause infection. 

Other nosocomial pathogens bacteria can also grow 

and enter the bloodstream, causing systemic 

infections. Table 1 contains the names of common 

GIT bacterias that frequently cause infections.19,20 

A study by Chen et al reported that perianal infections 

were most often caused by bacteria (99%) and 

Candida species (1%). Overall, 68% of patients had 

polymicrobial infection, and 24% had bacteremia. 

The most frequently isolated bacteria in this study 

were Escherichia coli (25%), followed by 

Enterococcus species (22%), Klebsiella pneumonia 

(13%), and Bacteroides species (11%).17 

In addition to the microorganisms mentioned above, 

infection can also be caused by other skin 

commensal bacteria, one of which is S. epidermidis. 

These bacteria not only cause skin infection around 

the perianal, but infection can also be caused by 

medical action such as the installation of a central 

venous catheter (CVC).9 

Table 1. Common gastrointestinal bacteria that cause infections in leukemia patients 

 Microorganisms Source 

Gram-negative bacteria E. faecalis 
E. faecium 

Gastrointestinal tract19,24 

C. difficile Lower gastrointestinal tract19,25 

Viridans group streptococci Oral/ Gastrointestinal tract19,26-29 

Gram-negative bacteria E. coli Gastrointestinal tract, urogenital 19,24,30-35 

Klebsiella spp Gastrointestinal tract, urogenital 19,24,30-35 

P. aeruginosa Gastrointestinal tract19,24,36,37 

Diagnosis 

History and physical examination 

Signs of infection include fever (temperature >38°C), 

complaints of perianal pain. In physical examination, 

it was found perianal mass, induration, erythema, 

fluctuation, and purulent fluid was found when ruptured. 

These signs may not appear simultaneously. Neutro-

penia in patients may cause an inflammatory response 

that is different with immunocompetent patients so that 

the symptoms of perianal erythema and induration may 

be less prominent. 1,2,21 

Diagnostic examination 

• Blood culture 

Cultures (blood, fluid) will help identifying cause of 

infection. Blood culture should ideally be taken during 

fever and before antimicrobial administration. The dis-

covery of microbes and their sensitivity to anti-

microbials becomes important for patients’ treatment. 

 

• Imaging examination 

If clinical signs are not characteristic, imaging studies 

can be performed. Magnetic Resonance Imaging (MRI) 

with contrast administration supporting investigation, 

produces optimal imaging of the soft tissues.1,2,22,23 A 

study by Plumb et al (2015) found high signal intensity 

in patients with PA, which was significantly greater in 

patients with hematological malignancies compared to 

patients’ control. MRI can also show the location of 

the fistula and then facilitate surgery.23 

Supporting investigation with computed tomography 

scan (CT scan) is also useful in diagnosing PA. Large 

PA will be seen on CT scan, however if the size of the 
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PA and fistula is small, there is a possibility that the 

abnormality is not visible. Moreover, soft tissue resolution 

with CT scan is not as good as MRI examination.23 

Another examination that also helpful is imaging with 

ultrasonography (USG). A study by Cheng et al 

showed that imaging with USG itself is quite helpful. 

This procedure is inexpensive and has a low radiation 

risk. But still it has some limitations in detecting small 

PA and PF, and since sound doesn’t penetrate well 

through bone, USG is not effective at imaging PA and 

PF that are hidden by bones. In addition, patients with 

severe pain or pediatric patients may require sedation. 

  

Complications 

Blood Stream Infection 

Blood stream infection (BSI) that originates from the 

gastrointestinal tract can occur in patients with 

compromised immune systems. The combination of 

chemotherapy, antibiotics and dysregulation of the 

immune system in leukemia patients results in impaired 

immune system and gastrointestinal mucositis. Patho-

genic microorganisms enter through port de entrée in 

gastrointestinal tract and spread systemically.2,9,19 

 

Sepsis 

Sepsis is a life-threatening condition, caused by 

response of the body to infection, which is characterized 

by organ failure.38 Finding signs of sepsis in leukemia 

patients is challenging because leukemia causes 

altered inflammatory response. However, sepsis 

should still be suspected in patients with either fever 

symptoms (>38°C) or hypothermia (<36°C), heart 

rate (>90 per minute), tachypnea (>30 breaths per 

minute), altered mental status, signs of significant 

edema or positive fluid balance (>20 ml/ kg over 24 

hours), and hyperglycemia (plasma glucose >110 mg 

/ dl or 7,7 mmol / l) in patients without a history of 

diabetes. In addition, it is necessary to pay attention to 

symptoms of infection such as respiratory symptoms 

(cough, rhinorrhea, and respiratory disorders), digestive 

symptoms (nausea, vomiting, diarrhea, and stoma-

chache), and impaired consciousness. 

 

Hemodynamic parameters can indicate organ 

dysfunction and sepsis development; hypotension 

(systolic blood pressure <90 mmHg, mean arterial 

pressure <70 mmHg, or decreased systolic blood 

pressure >40 mmHg in adults or <2 standard 

deviations (SD) below normal for age, mixed venous 

oxygen saturation >70%, heart index (cardiac index 

>3,5 l / min / m2, arterial hypoxemia (PaO2 / FiO2 

<300), and acute oliguria (urine output <0,5 ml / kg / 

hour or 45 ml for at least 2 hours).39, 40 

Laboratory testing helps estimate the severity of the 

infection and may show the source of the infection. 

Inflammatory markers that show sepsis are 

leukocytosis (white cell counts (WBC)> 12 x 109/l), 

leukopenia (WBC <4 x 109/l), normal white blood cell 

count with >10% immature form, and C-reactive 

protein (CRP) or procalcitonin >2 Standard Deviation. 

Organ dysfunction can also be verified by laboratory 

testing including creatinine increase ≥0,5 mg / dl, 

coagulation abnormalities (International Normalized 

Ratio (INR) >1,5 or activated partial thromboplastin 

time (APTT) >60 seconds), thrombocytopenia 

(platelets <100 000 / µl), and hyperbilirubinemia 

(plasma bilirubin total >4 mg / dl or 70 µmol / l). 

Hyperlactatemia (>3 mmol / l) may indicate 

decreased tissue perfusion.39,40 

Fournier gangrene 

Fournier gangrene (FG) is a necrotizing fasciitis that 

occurs in the genital area, perineum, anus, and 

sometimes in the skin of the lower abdomen. Immune 

deficiency is one of the risk factors for FG. In PI, there is 

skin discontinuity, therefore it can become port de 

entrée for variety of pathogenic microorganisms. Both 

conditions allow the occurrence of FG in leukemia 

patients who received chemotherapy and experienced 

PI.41 

 

A case report by Mantadakis et al, showed that FG 

may occur in young adult patients who were receiving 

induction phase chemotherapy. In 2016, Solmaz et al 

investigated perianal complication that occurred in 92 

acute leukemia patients who were undergoing induction-

consolidation phase chemotherapy. The study 

showed that 19 patients who had PA, 1 patient had 

necrosis on perianal area or FG.3,42 Another study by 

Renzi et al, with research subjects of 235 pediatric 

patients, showed that 7% of the subjects or 19 

patients had perianal infections, and there were two 

patients with PA which progressed into FG. 

 

Management 

Management of PI in leukemia patients differs from 

immunocompetent patients. This is due to immuno-

suppression and pancytopenia conditions that occur 

during chemotherapy. It is important to conduct multi-

disciplinary management that involves collaboration 
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between oncologists, surgeons, and infectious disease 

experts.  

Management includes surgical treatment (ST) and 

non-surgical treatment (NST). The criteria for selecting 

the two managements are still unclear. Studies of the 

two management options showed varied results. 

Some studies suggest that ST should be performed 

immediately in leukemia patients with PI, but other 

studies showed that NST alone is sufficient.7,43 

• Surgical treatment (ST) 

The ST approach in leukemia patients should consider 

neutropenia and thrombocytopenia conditions. ST is 

performed very selectively for patients with obvious 

clinical manifestations of abscess. Patients who do 

not show improvement with the NST approach itself 

may be considered for receiving ST.7,43 

A study by Barnes et al suggested early surgical 

intervention and abscess drainage. The study 

involved 16 patients with perianal abscess. Fifteen of 

16 leukemia patients experienced improvement. The 

authors suggested that drainage was an important 

procedure that would eliminate source of infections 

and induce neutrophil recovery.43  

A more recent study by Badgwell et al attempted to 

determine factors or predictors for PI management. 

This study is a retrospective study which involved 100 

patients with neutropenia (Absolute Neutrophil Count 

< 1000 cells/ml), the study found that abscess and 

signs of erythema are indications of ST.44 Both 

studies suggested that ST should be conducted on 

patients that had a prominent abscess on clinical 

manifestations nor supporting investigations, 

significant necrosis, and soft tissue infection despite 

appropriate antibiotics administration. ST selection 

should still consider the condition of neutropenia and 

the patient's bleeding risk. 

• Non-surgical treatment (NST) 

The NST approach relies on antimicrobials. Once a 

potential source of infection is identified, either from 

laboratory tests or blood cultures, the patient should 

begin antimicrobial therapy immediately. The recom-

mended antibiotics should have broad spectrum 

activity gram-positive, gram-negative, anaerobic 

bacteria, and antifungals. Administration of broad-

spectrum antibiotics is important because in patients 

with leukemia, polymicrobial pathogens are common. 

2,19,24-37 

Patients without signs of erythema, abscess, and 

perianal fluid on physical examination, but showed 

the presence of PI features from supporting investi-

gation of MRI and CT scan can be considered for 

NST management. This treatment can be used as an 

alternative option, considering the presence of 

neutropenia, thrombocytopenia, poor vital signs and 

poor laboratory results. However, this approach 

requires close monitoring to avoid complications such 

as BSI and sepsis. 

The knowledge of microbiological patterns and 

microbial resistance in hospital is important for the 

selection of antimicrobial therapy. When a particular 

pathogen is identified from laboratory and culture 

results, the selection of antimicrobial should be based 

on these results and clinical manifestations. 

A study by Lehrnbecher et al of National Cancer 

Institute (NCI), USA, examined 82 episodes of PI in 

64 leukemia patients after induction chemotherapy. 

The study showed antibiotics therapy alone was 

successful in PI treatment of 52/82 (63%) episodes. 

The combination of ST and NST was needed in 25/82 

(31%) episodes, and only 5 patients needed ST 

management alone.47 
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Table 2. The use of antibiotics based on European Conference on Infections in Leukemia guidelines (ECIL) and Infectious 
Disease Society of America (IDSA) 

Microbes Recommended antibiotic treatment options 

 
 
 
 

Gram-negative 
bacteria 

ESBL Carbapenems 

CPE Two or more combinations, 

aminoglycosides, polymyxins, tigecycline, fosfomycin, and meropenem 

P. aeruginosa 
Combination therapy, using a beta-lactam with an aminoglycoside or a fluoroquinolone 

  S. maltophilia Trimethoprim-sulfamethoxazole (combination with ticarcillin/clavulanate or ceftazidime) 

   MDRO 
A.baumanii 

Colistin Combination with ampicillin/sulbactam or imipenem or meropenem. 
Tigecycline Combination 

 
 
Gram-positive 
bacteria 

CoNS Glycopeptides; vancomycin and teicoplanin (daptomycin, linezolid, and 
tigecycline) 

  MRSA 

   VRE Linezolid and daptomycin (Quinupristin–dalfopristin, tigecycline, fosfomycin, 
tedizolid, oritavancin, dalbavancin and telavancin) 

ESBL: Broad-Spectrum β-Lactamase-Producing Enterobacteriaceae. CPE: Carbapenemase-Producing Enterobacteriaceae. MRSA: 
Methicillin-resistant Staphylococcus aureus. CoNS: Coagulase-negative Staphylococcus. VRE: Vancomycin Resistant Enterococci. MDRO: 
Multidrug-resistant Organism. 
Quoted with modification from references no. 9, 24, 26-37. 

Table 3. The use of antifungals based on European Conference on Infections in Leukaemia guidelines (ECIL) and Infectious 

Disease Society of America (IDSA) 

Microbes Recommended antifungal treatment options 

 

Fungal 

infection  

 P. jiroveci Trimetoprim-sulfamethoxazole (Primaquine + clindamycin, pentamidine) 

Candida spp.  Echinocandins (Fluconazole) 

Aspergillus spp. Voriconazole, isavuconazole (Liposomal, amphotericin B, caspofungin) 

Drugs in parentheses are second-line alternatives  

Quoted with modification from references of no. 9, 45, 46.  

 

  

• Sitz bath  

Sitz bath (SB) is a therapeutic method of warm water 

added with certain drugs or substances to clean area 

around perineum and genitals. Patients can soak the 

perineum area with the solution. In post-chemotherapy 

leukemia patients with signs of PI, SB can be 

performed to treat and prevent worsening of PI. 

Substances that are added to warm water are 

generally potassium permanganate (PP) with a 

concentration of 1:5000.48.49 

 

In 2020, Zhou et al conducted a retrospective study of 

SB effectiveness using matrine compounds (matrine 

sitz bath/MSB) compared to PP. This study involved 

216 leukemia patients with PI. The results showed that 

perianal pain, systemic symptoms, PA size and 

consistency improved in both treatment groups. 

However, the group with MSB therapy showed a 

more significant improvement compared to the PP 

group (control) (p < 0,05). Analysis was also 

conducted by examining blood inflammatory markers, 

namely level of proinflammatory factor of high-

sensitivity C-reactive protein (hs-CRP), tumor 

necrosis factor (TNF-α), erythrocyte sedimentation 

rate (ESR) and prostaglandins E2 (PEG2). All of 

these blood inflammatory markers decreased in both 

the MSB and PP groups, so it was concluded that the 

SB method could reduce inflammation.48 

 

Prevention 

PI is common in leukemia patients after chemo-

therapy, and it caused significant morbidity and 

mortality.2,3,6 On the other hand, the management of 

ST and NST shows varied results. Therefore, it is 
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necessary to think about PI prevention strategies in 

leukemia patients. 

A study in China has compiled a concept of prevention 

which involves doctors, nurses, laboratory technicians 

and residents. This concept is called a quality control 

circle (QCC) or can also be called a plan-do-check-

act (PDCA). The steps contained in the QCC 

including, planning, analysis of causes, implemen-

tation, and standardization. With the QCC concept, 

PI prevention is performed by teaching patients to 

recognize PI signs as early as possible.49 

The followings are the steps in QCC or PDCA: 

1. Planning 

The QCC team members consist of 5-9 doctors, 

analysts, nurses and medical students. The QCC 

team will provide questionnaires to patients to 

recognize several factors that can influence the 

severity of PI. Some of these factors will become the 

basis for the management or actions that are 

arranged in the PDCA. 

 

2. Cause analysis 

The causes or factors that have been obtained by 

giving questionnaires will be the focus of the QCC 

team's intervention. In a study by Jiang et al at 

Nanfang Hospital, China, the factors that cause the 

high incidence of PI including the lack of patient 

knowledge about PI, lack of standard operating 

procedures (SOP) for skin disinfection, and lack of 

disinfection tools and materials. The QCC team then 

uses the "5W1H" principles (who, what, when, 

where, why, and how) to compile actions to intervene 

these issues. 

 

3. Implementation 

At this phase the QCC team conducts the interventions 

that have been compiled. To overcome the patient's 

lack of knowledge about PI, doctors, nurses, and 

medical students educate patients to recognize and 

treat PI signs and provide tools and materials for PI 

treatments. The QCC team also educates the 

patient's family. The education is performed in group 

discussions, giving notes or brochures of proper PI 

treatments. 

 

4.   Standardization 

PI prevention efforts are assessed and reviewed 

every 9 months. If there is a procedure that does not 

give benefits, then the procedure is eliminated. On 

the contrary, procedures that are assessed to be able 

to reduce the severity of PI are maintained. Then the 

procedure is used as a standard of treatment and 

documented in the form of videos or recordings that 

are shared with other patients. 

 

The objective of QCC is to reduce the incidence of PI 

which will also reduce mortality, length of hospital stays, 

and cost of treatment. This QCC study involved 253 

patients with hematological malignancies and was 

conducted for one year. After one year of follow-up, 

it was obtained that PI incidence rate decreased from 

17.20% to 5.93% and remained at 5.25% during the 

following year.49 

 

Conclusion 

PI is a complication that is common in acute leukemia 

patients who receive induction and consolidation 

chemotherapy. The pathogenesis of PI involves the 

interaction of many factors, namely, disease, patients, 

and treatment factors. Early diagnosis is challenging 

and requires supporting examinations. Management of 

PI consist of NST and ST procedures, both showed 

varied results. It is necessary to think of preventive 

measures on PI to reduce the incidence rate, morbidity, 

length, and cost of treatment in hospital. QCC 

methods can be used as a guide for the prevention of 

PI in leukemia patients who receive induction and 

consolidation chemotherapy. 
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