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Introduction 

Hemophagocytic lymphohistiocytosis (HLH) is a rare 

form of severe inflammatory syndrome with excessive 

cytokine production due to the activation of T cells and 

histiocytes [1]. There are three forms: primary, acquired, 

and idiopathic [1]. The primary or familial form is 

commonly seen in children, but around 14% of adults 

have genetic mutations. [2, 3]. The acquired form in 

adults is associated with malignancies, autoimmune 

diseases, and infections [3, 4]. The Epstein–Barr (EBV), 

cytomegalovirus (CMV), dengue, and hepatitis viruses 

can initiate HLH [3]. However, in most adult patients 

with HLH, the underlying cause cannot be identified, and 

that form is considered idiopathic [4]. 

Acute liver injury has been found in most cases in the 

HLH, which is reported as an elevation of liver enzymes 

up to 3 times from baseline with bilirubin levels ranging 

from 3 to 25mg/dl [5]. 
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However, HLH has rarely been reported as the cause of 

hyperacute liver failure. Treatment regimens for patients 

with hyperacute liver failure with HLH are not available. 

HLH with or without hyperacute liver failure has high 

mortality and morbidity [6]. Here, we report a case of a 

16-year-old girl with hyperacute liver failure and 

idiopathic HLH who was successfully treated with 

plasma exchange and immune-modulatory therapy. 

Case report 

A 16-year-old schoolgirl presented to a regional hospital 

with a one-day history of low-grade fever, chest 

tightness, and vomiting. Later she developed a high-

grade continuous fever with five episodes of bile-stained 

vomiting and jaundice. However, her stool was not pale, 

and her urine was yellow. She had no significant past 

illness and used no prescription or over-the-counter 

drugs. There was no history of blood transfusion, alcohol 

consumption, contact history of hepatitis, or previous 

jaundice. She had no tattoos. There was no significant 

family history of liver disease. She was drowsy and 

irritable on the fourth day of the illness and had high 

transaminase levels with elevated bilirubin and an 

increased international normalized ratio (INR).   

 

Table 1: Haematological and biochemical parameters of 

the patient 

Day 3 4 5 7 9 

Place RH RH TH TH TH 

AST (12-40 U/L) 258 4870 9652 963 74 

ALT (<40U/L) 178 3995 6929 2211 3 

Total bilirubin  

(0.3-1.5mg/dL) 

ND 45 83.9  73 54 

INR (<1.5) ND 3.2 8.85 2.25 1.7 

Haemoglobin 

(11.5-15.5g/dL) 

8.7 9.0 8.5 8.0 9.1 

Platelet 

(150-450 ×103/µL) 

74 76 88 64 87 

White cell count 

(4-11 ×103/µL) 

13.9 10.9 9.85 7.24 8.54 

Abbreviations; AST- aspartate transaminase, ALT- 

alanine transaminase, INR- international normalized 

ratio, ND-not done, RH- regional hospital, TH- teaching 

hospital. 

On the fourth day, she was electively intubated and 

transferred to a teaching hospital with a diagnosis of 

hyperacute liver failure. Her Glasgow Coma Scale was 

8/15 (E-3, V-ET, M-5) with pupils 3mm in size equal 

and reactive to light. She was jaundiced with no 

lymphadenopathy, peripheral oedema, finger clubbing, 

ecchymotic patches, or skin rashes. There were no signs 

of chronic liver disease or portal hypertension. Her 

abdomen was soft, with no organomegaly, and cardiac 

and respiratory examinations were unremarkable. 

Her ultrasound scan showed normal-sized liver with 

increased echogenic texture without intrahepatic or 

extrahepatic bile duct dilations and a mild amount of free 

fluid in the hepato-renal pouch. Serum ceruloplasmin 

levels were normal at 26.4 mg/dL (15-60) with normal 

24-hour urinary copper excretion 0.85 µmol/24h (0.23-

1.09) and negative Kayser–Fleischer rings (KF rings). 

Moreover, she was also negative for dengue antigens and 

antibodies, SARS-CoV-2 virus polymerase chain 

reaction, and mycoplasma antibodies. Her Hepatitis A, 

B, C, E, and EBV serology were negative. CMV and 

HCV PCR tests were negative. Furthermore, her 

retroviral screening and venereal disease research 

laboratory test (VDRL) were negative, her blood and 

urine cultures were sterile, and her inflammatory 

markers, including ESR and C reactive protein levels, 

were normal range. Her anti-nuclear antibody (ANA) 

was positive in 1:400 titers (<1:40). But her dsDNA 

antibody levels and anti-smooth muscle antibody levels 

were negative. Her serum Immunoglobulin G levels 

were within the normal range of 923 mg/dL (650-1600). 

Her blood paracetamol level was normal (2.8 mg/dl, 

normal<3). Her renal functions remain normal 

throughout her clinical course. Blood film showed 

normochromic normocytic red cells with neutrophil 

leukocytosis, suggesting possible iron deficiency with 

co-existing infection and inflammation. Serum ferritin 

level 7581 ng/mL (8-388) was very high. The rotational 

thromboelastography (ROTEM) study showed a 

deficiency of vitamin K-dependent clotting factors, 

platelet dysfunction, and low fibrinogen levels. Her 

fibrinogen level was low, 152 mg/dL (220 – 426). And 

her triglyceride level was 142mg/dL (less than 150). The 

bone marrow biopsy revealed reactive marrow with 

increased macrophage activity with evidence of 

hemophagocytosis (Figure 1).   

HLH was diagnosed with a fever of more than 38.5°C, 

cytopenia involving more than two cell lines, low 

fibrinogen level, high ferritin level, and 

hemophagocytosis in the bone marrow [7].  

She had a hyperacute liver failure on the fifth day of the 

illness and was directly admitted to the intensive care 

unit. Therapeutic plasma exchange was started on the 

fifth day of the disease and continued every other day for 

five cycles using 1200 ml of fresh frozen plasma. 



 Maduranga K et al. AMJ 2023                                                                     Open        Access 

 

Anuradhapura Medical Journal                                                         2023| Volume 17 | Issue 2 | Page |33-39 

  

Figure 1: Micrographs showing the activated 

histiocytes/macrophages with cytoplasmic projections 

engulfing mature red blood cells (green arrow). 

(Leishman stain and magnification X 400) 

Intravenous N-acetyl cysteine 150 mg/kg per hour over 

one hour, followed by 12.5 mg/kg per hour for four 

hours, continued as 6.25 mg/kg per hour for 72 hours 

until her liver functions improved. From the sixth day of 

the illness, treatment was started with intravenous 

dexamethasone 10mg/m2/day dose after plasma 

exchange. The patient was extubated on the 10th day. 

Intravenous dexamethasone was converted to oral, and 

she was discharged from the hospital on the 14th day. 

After discharge, she was followed up regularly and has 

not developed any disease relapses for one year. 

Discussion  

We report a probable idiopathic primary HLH presenting 

as a hyperacute liver failure with AST of more than 9500 

and ALT of more than 6000 units per litre. She was 

treated successfully with plasma exchange and steroids. 

Liver injury following the secondary HLH is common. 

However, it is associated with liver transaminase 

elevation less than three times from the baseline and a 

mild increase in the bilirubin (3-25 mg/dl).   

We reviewed the current medical literature under "adults 

with acute liver failure" and "HLH". There were 22 

reported cases (Table 1). Most presented with fever, 

nausea, vomiting, and jaundice, including our patient. 

All reported patients were diagnosed according to the 

2004 criteria except one with a postmortem diagnosis 

[11]. 

After the diagnosis, most (18 out of 22) were started on 

immunosuppressive therapy with dexamethasone. 

However, the outcome with dexamethasone alone was 

poor. Of the 22 cases, only four survived, all young (4 

days, 16, 23, 25). All of them had viral aetiology. Our 

patient is 16 year old girl, but we could not find a viral 

aetiology. Four of the 22 patients had transaminases of 

more than 5000, like ours, and two survived, indicating 

that high transaminase levels may not predict poor 

prognosis. 

One possible mechanism for a high survival rate among 

the young population could be the age-related changes in 

the human immune system and its ability to remove pro-

inflammatory cytokines and reactive oxygen species. 

HLH is due to cytokine overproduction, and the removal 

of produced cytokines is efficient in young [8]. 

Of the 22 patients reviewed, only one was treated with 

plasma exchange twice weekly, but that patient did not 

survive [17]. We have performed plasma exchange every 

other day for up to five cycles. 

Moreover, plasma exchange was critical in this patient 

as a therapeutic option for her survival. A possible 

helpful mechanism of plasma exchange in HLH is the 

removal of active cytokines, defective proteins, and 

autoantibodies by replacing them with fresh plasma [9]. 

The role of plasma exchange in patients with acute liver 

failure and secondary HLH needs further evaluation as a 

therapeutic option. 

We could not perform HLH-related genetic studies. 

Hence, the primary (heterozygous) nature of the disease 

could not be established conclusively [10].  

 

Table 2: Reported cases of liver failure with HLH and clinical and therapeutic characteristics 

Ref 

erence 

Age 
(years) 

Sex 

Liver 

functions  

Onset of 

liver 

injury 

Underlying 

disease   

Presenting 

complain 

Treatment    Outcome 

Hino T  

et al. 

1997(11) 

50  

F 

AST 1028 

ALT 647 

Bil 14.4 

INR NA 

Acute Malignant 

lymphoma 

jaundice 

hematemes

is 

No treatment  death 

Yamada K  

et al. 

2008 (12) 

Four 

days 

M 

AST 3237 

ALT 851 

Bil 2.8 

INR  

Acute Herpes simplex 

virus type 1 

Fever  Dexamethasone 

Acyclovir 

Survived 
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Tierney LM 

et al. 

2011 (13) 

60  

F 

AST 1317 

ALT 399 

Bil 3.4 

INR 1.5 

Acute on 

chronic 

unknown fever  

jaundice 

Dexamethasone  

etoposide 

death 

Wright G 

et al.  

2012 (14) 

44 

M 

AST 2407 

ALT 4096 

Bil 298 

INR 7.6  

Acute unknown  fever 

nausea 

jaundice  

Dexamethasone 

etoposide  

liver transplant 

death 

Pinto-

Patarroyo 

GP et al.  

2013 (15) 

23 

F 

AST 383 

ALT 154 

Bil 0.8 

INR 1.69  

Acute Epstein Barr 

virus and  

Hepatitis A virus 

fever  

anaemia 

jaundice 

Dexamethasone  

etoposide 

Survived 

Lacey B 

et al.  

2014 (16) 

66  

M 

AST NA 

ALT NA 

Bil 46 

INR  NA 

Acute unknown  abdominal 

pain 

jaundice  

No treatment  death 

Lin S 

et al. 

2016 (17) 

34 

M 

AST 2006 

ALT 1827  

Bil  510 

INR  1.56  

Acute unknown fever 

nausea 

vomiting 

jaundice  

Prednisolone 

plasma exchange  

 death 

Schneier 

A 

et al. 

2016 (18) 

44  

F 

AST 235 

ALT 210 

Bil 73.3 

INR 2.3 

Acute unknown dark urine 

jaundice 

fatigue 

fever 

Dexamethasone  

etoposide 

death 

62  

F 

AST 4124 

ALT 2614 

Bil 23.8 

INR 2.6 

Acute unknown jaundice 

fatigue 

Dexamethasone 

etoposide 

death 

53  

F 

AST 4271  

ALT 3049 

Bil 35.8 

INR 2.5 

Hyper 

acute 

unknown fever 

nausea 

vomiting 

jaundice 

Dexamethasone   death 

Giard J-M 

et al.  

2016 (19) 

35  

F  

AST 2781 

ALT  1497 

Bil 11.6 

INR  1.7 

Acute unknown in 

pregnancy  

fever 

jaundice  

Dexamethasone, 

etoposide 

death 

Patel R  

et al.  

2017 (20) 

57  

M 

AST 261 

ALT 395 

Bil 19 

INR  4.2 

Acute B cell lymphoma fatigue 

confusion 

jaundice  

Supportive care death 

Cappell 

MS 

et al.  

2018 (21) 

47  

M 

AST 70 

ALT 167 

Bil 45.1 

INR 1.9 

Acute unknown fever, 

jaundice, 

widespread 

macula 

rash  

Prednisolone 

supportive care 

death 

Zhang L-

N  

et al.  

2018 (22) 

16  

M 

AST 8496 

ALT 6499 

Bil 16.8 

INR 1.65  

Acute Varicella 

infection  

fever rash 

abdominal 

pain  

Dexamethasone, 

etoposide 

Acyclovir 

survived 

Kumar M 

et al.  

2018 (23) 

56 

days 

M 

AST 5440 

ALT 5570 

Bil 11.85 

INR 

Acute unknown fever 

diarrhoea 

vomiting 

Dexamethasone death 

Lutfi K 

et al.  

2018 (24) 

51  

F 

AST 647 

ALT 194 

Bil 10.1 

INR NA 

Acute Epstein Barr 

virus 

fever 

jaundice 

abdominal 

pain  

Bone marrow 

transplant, 

alemtuzumab 

death 
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Najib K  

et al.  

2020 (25) 

3 

F 

AST 8840 

ALT 1420 

Bil 1.5 

INR 2.09 

Acute unknown fever 

tachycardia 

Dexamethasone   death 

Coppola A 

et al.  

2021 (26) 

76  

M  

AST 106 

ALT NA 

Bil 28 

INR 2 

Acute B cell lymphoma fever 

confusion 

jaundice  

Methyl 

prednisolone  

death 

Blaney M  

et al.  

2021 (27) 

33  

M 

AST 72 

ALT 38 

Bil 0.9 

INR  1.7 

Acute Hepatitis B virus 

with HIV 

fever cough  Supportive care death 

Qureshi H  

et al.  

2022 (28) 

51  

M 

AST 344 

ALT 217 

Bil 3.4 

INR 1.6 

Acute Renal cell 

carcinoma  

fatigue 

diarrhoea 

jaundice  

Dexamethasone  

etoposide 

death 

Termsinsuk 

P  

et al.  

2022 (29) 

25 

M 

AST 5652 

ALT 5397 

Bil 7.3 

INR 1.34 

Acute Hepatitis A virus fever 

hepatomeg

aly 

 

Dexamethasone 

Intravenous  

immunoglobulin   

survived 

Abbreviations; AST- aspartate transaminase, ALT- alanine transaminase, Bil- serum bilirubin, INR- international 

normalized ratio, F-female, M-male, NA- not available 

Conclusion  

Hyperacute liver failure with HLH is rare, and diagnosis 

remains challenging due to the lack of specific clinical 

features and investigations. Hence it carries significant 

mortality. A high degree of clinical suspicion is needed 

to diagnose HLH and its complications. Treatment with 

therapeutic plasma exchange and immunosuppression 

may increase survival but needs further evaluation.      

Informed consent: The patient has given verbal and 

written consent to publish her history and images as a 

case report. 

1. La Rosée P, Horne A, Hines M, von Bahr Greenwood T, Machowicz R, Berliner N, et al. 

Recommendations for the management of hemophagocytic lymphohistiocytosis in adults. Blood 

2019;133:2465-77. DOI:10.1182/blood.2018894618. 

2. Stalder G, Ribi C, Duchosal MA. Les lymphohistiocytoses hémophagocytaires. Praxis 2018;107:902-11. 

DOI:10.1024/1661-8157/a003045. 

3. Huang Z, Jia Y, Zuo Y, Wu J, Lu A, Zhang L. Malignancy-associated hemophagocytic 

lymphohistiocytosis in children: a 10-year experience of a single pediatric hematology center. 

Hematology 2020;25:389-99. DOI:10.1080/16078454.2020.1833505. 

4. Koumadoraki E, Madouros N, Sharif S, Saleem A, Jarvis S, Khan S. Hemophagocytic 

lymphohistiocytosis and infection: A literature review. Cureus 2022;14(2):e22411 

DOI:10.7759/cureus.22411. 

5. Ostapowicz G. Results of a Prospective Study of Acute Liver Failure at 17 Tertiary Care Centers in the 

United States. Annals of Internal Medicine 2002;137:947. DOI:10.7326/0003-4819-137-12-200212170-

00007. 

References  

https://doi.org/10.1182/blood.2018894618
https://doi.org/10.1024/1661-8157/a003045
https://doi.org/10.1080/16078454.2020.1833505
https://doi.org/10.7759/cureus.22411
https://doi.org/10.7326/0003-4819-137-12-200212170-00007
https://doi.org/10.7326/0003-4819-137-12-200212170-00007


 Maduranga K et al. AMJ 2023                                                                     Open        Access 

 

Anuradhapura Medical Journal                                                         2023| Volume 17 | Issue 2 | Page |33-39 

6. Hadem J, Tacke F, Bruns T, Langgartner J, Strnad P, Denk GU, et al. Etiologies and outcomes of acute 

liver failure in Germany. Clin Gastroenterol Hepatol 2012; 10(6):664-9.e2. 

DOI:10.1016/j.cgh.2012.02.016. 

7. Henter J-I, Horne A, Aricó M, Egeler RM, Filipovich AH, Imashuku S, et al. HLH-2004: Diagnostic and 

therapeutic guidelines for hemophagocytic lymphohistiocytosis. Pediatr Blood Cancer 2007;48(2):124-

31. DOI:10.1002/pbc.21039. 

8. Bajaj V, Gadi N, Spihlman AP, Wu SC, Choi CH, Moulton VR. Aging, immunity, and COVID-19: How 

age influences the host immune response to Coronavirus infections? Front Physiol 2020;11:571416. 

DOI:10.3389/FPHYS.2020.571416. 

9. Reeves HM, Winters JL. The mechanisms of action of plasma exchange. Br J Haematol 2014; 

164(3):342-5. DOI:10.1111/bjh.12629. 

10. Zhang K, Astigarraga I, Bryceson Y, Lehmberg K, Machowicz R, Marsh R, et al. Familial 

hemophagocytic lymphohistiocytosis. University of Washington, Seattle; 2021. 

https://www.ncbi.nlm.nih.gov/books/NBK1444/ 

11. Hino T, Sata M, Arima N, Nouno R, Kumashiro R, Koga Y, et al. A case of malignant lymphoma with 

hemophagocytic syndrome presenting as hepatic failure. Kurume Med J 1997;44(1):53–60. 

DOI:10.2739/kurumemedj.44.53. 

12. Tierney LM Jr, Thabet A, Nishino H. Case records of the Massachusetts General Hospital. Case 10-2011. 

A woman with fever, confusion, liver failure, anemia, and thrombocytopenia. N Engl J Med 

2011;364(13):1259–70. DOI:10.1056/nejmcpc1013924. 

13. Wright G, Wilmore S, Makanyanga J, McKerrell T, Watkins J, Patch D, et al. Liver transplant for adult 

hemophagocytic lymphohistiocytosis: case report and literature review. Exp Clin Transplant 

2012;10(5):508–12. DOI:10.6002/ect.2011.0204. 

14. Pinto-Patarroyo GP, Rytting ME, Vierling JM, Suarez-Almazor ME. Haemophagocytic 

lymphohistiocytosis presenting as liver failure following Epstein-Barr and prior hepatitis A infections. 

BMJ Case Rep 2013;2013:bcr2013008979. DOI:10.1136/bcr-2013-008979. 

15. Lacey B. An unexpected cause of acute liver failure. Gastroenterology Report 2014;2:239-41. 

DOI:10.1093/gastro/gou010. 

16. Lin S, Li Y, Long J, Liu Q, Yang F, He Y. Acute liver failure caused by hemophagocytic 

lymphohistiocytosis in adults. Medicine 2016;95: e5431. DOI:10.1097/md.0000000000005431. 

17. Schneier A, Stueck AE, Petersen B, Thung SN, Perumalswami P. An unusual cause of acute liver failure: 

Three cases of hemophagocytic lymphohistiocytosis presenting at a transplant center. Semin Liver Dis 

2016;36(1):99-105.  DOI:10.1055/s-0036-1571299. 

18. Giard J-M, Decker KA, Lai JC, Gill RM, Logan AC, Fix OK. Acute liver failure secondary to 

hemophagocytic lymphohistiocytosis during pregnancy. ACG Case Rep J 2016;3(4): e162. 

DOI:10.14309/crj.2016.135. 

19. Patel R, Patel H, Mulvoy W, Kapoor S. Diffuse large B-cell lymphoma with secondary hemophagocytic 

lymphohistiocytosis presenting as acute liver failure. ACG Case Rep J 2017;4(1): e68. 

DOI:10.14309/crj.2017.68. 

20. Cappell MS, Hader I, Amin M. Acute liver failure secondary to severe systemic disease from fatal 

hemophagocytic lymphohistiocytosis: Case report and systematic literature review. World Journal of 

Hepatology 2018;10:629-36. DOI:10.4254/wjh.v10.i9.629. 

21. Zhang L-N, Guo W, Zhu J-H, Guo Y. Successful rescue of acute liver failure and hemophagocytic 

lymphohistiocytosis following varicella infection: A case report and review of literature. World J Clin 

Cases 2018;6(13):659-65. DOI:10.12998/wjcc.v6.i13.659. 

22. Lutfi F, Patel A, Becker D, Shahid M, Shah K. Hemophagocytic lymphohistiocytosis (HLH) presenting 

as fever of unknown origin and acute liver failure. ID Cases 2018;14: e00413. 

DOI:10.1016/j.idcr.2018.e00413. 

23. Qureshi M, Alabd A, Behling E, Schwarting R, Haroldson K. Acute liver failure in hemophagocytic 

lymphohistiocytosis secondary to metastatic renal cell carcinoma: A diagnostic dilemma. Cureus 

2022;14(3): e23455. DOI:10.7759/cureus.23455. 

https://doi.org/10.1016/j.cgh.2012.02.016
https://doi.org/10.1002/pbc.21039
https://doi.org/10.3389/FPHYS.2020.571416
https://doi.org/10.1111/bjh.12629
https://www.ncbi.nlm.nih.gov/books/NBK1444/
https://doi.org/10.2739/kurumemedj.44.53
https://doi.org/10.1056/nejmcpc1013924
https://doi.org/10.6002/ect.2011.0204
https://doi.org/10.1136/bcr-2013-008979
https://doi.org/10.1093/gastro/gou010
https://doi.org/10.1097/md.0000000000005431
https://doi.org/10.1055/s-0036-1571299
https://doi.org/10.14309/crj.2016.135
https://doi.org/10.14309/crj.2017.68
https://doi.org/10.4254/wjh.v10.i9.629
https://doi.org/10.12998/wjcc.v6.i13.659
https://doi.org/10.1016/j.idcr.2018.e00413
https://doi.org/10.7759/cureus.23455


 Maduranga K et al. AMJ 2023                                                                     Open        Access 

 

Anuradhapura Medical Journal                                                         2023| Volume 17 | Issue 2 | Page |33-39 

24. Blaney H, Thotakura D, Sisco L. Hemophagocytic lymphohistiocytosis associated with hepatitis B and 

HIV coinfection with resultant liver failure. ACG Case Rep J 2021;8(2): e00532. 

DOI:10.14309/crj.0000000000000532. 

25. Coppola A, Chey C, O'Donovan E, Rahman M. A rare cause of acute liver failure due to 

haemophagocytic lymphohistiocytosis secondary to diffuse large B-cell lymphoma. JRSM Open 

2021;12: 205427042098362. DOI:10.1177/2054270420983623. 

26. Termsinsuk P, Sirisanthiti P. Acute hepatitis A infection-associated hemophagocytic 

lymphohistiocytosis in adult presenting as impending acute liver failure: A case report and literature 

review. Clin Case Rep 2022;10(2): e05334. DOI:10.1002/CCR3.5334. 

27. Kumar M, Kothari N, Gupta BD, Gupta N. Hemophagocytic lymphohistiocytosis presenting with acute 

liver failure and central nervous system involvement in early infancy. Indian J Pathol Microbiol. 

2018;61(2):281-3. DOI:10.4103/IJPM.IJPM_264_17. 

28. Najib K, Moghtaderi M, Bordbar M, Monabati A. Awareness of hemophagocytic lymphohistiocytosis 

as an unusual cause of liver failure in the neonatal period. J Pediatr Hematol Oncol. 2020;42(6): e479-

82. DOI:10.1097/MPH.0000000000001600. 

29. Yamada K, Yamamoto Y, Uchiyama A, Ito R, Aoki Y, Uchida Y, et al. Successful treatment of neonatal 

herpes simplex-type 1 infection complicated by hemophagocytic lymphohistiocytosis and acute liver 

failure. Tohoku J Exp Med. 2008;214 (1):1-5. DOI:10.1620/tjem.214.1. 

 

 

 

 

 

 

 

 

 

 

 

 

Submit your next manuscript to 

Anuradhapura 

 Medical Journal 
 

 
Submit your manuscript at 
http://amj.sljol.info/ 

https://doi.org/10.14309/crj.0000000000000532
https://doi.org/10.1177/2054270420983623
https://doi.org/10.1002/CCR3.5334
https://doi.org/10.4103/IJPM.IJPM_264_17
https://doi.org/10.1097/MPH.0000000000001600
http://dx.doi.org/10.1620/tjem.214.1
http://amj.sljol.info/

