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Introduction 

Propanil (3,4–dichlorophenyl propionanilide), which is 

an acetanilide, is a commonly used herbicide in Sri 

Lanka [1]. In propanil poisoning, the active metabolite 

of propanil is 3,4–dichloroaniline (DCA). Fe2+ ions are 

converted to Fe3+ ions in red blood cells, resulting in 

the formation of methaemoglobin [2]. 

Methaemoglobinaemia, which is defined as an 

elevation of blood methaemoglobin level by more than 

1%, results in tissue hypoxia because methaemoglobin 

has a low oxygen-carrying capacity. Direct oxidative 

damage to red blood cells is another cause of low 

oxygen-carrying capacity [3]. Tissue hypoxia will lead 

to multi-organ failure, and in severe cases, this could be 
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fatal. Other toxic effects are lipoperoxidation, 

myelotoxicity, and immune dysfunction. 

In the management of propanil poisoning, Supportive 

care such as intravenous (IV) fluids, strict bed rest, and 

oxygen therapy is beneficial [2]. Gastric lavage is useful 

for removal of the poison within 2 hours of ingestion. 

The drug of choice to treat propanil poisoning is 

methylene blue, which reduces blood methaemoglobin 

levels by converting methaemoglobin into 

haemoglobin. The usual dose is 1 - 2 mg/kg body 

weight (1% methylene blue 0.1 ml/kg) over 5 minutes, 

and this can be repeated in one hour. Ideally, 

methemoglobin levels must be monitored continuously. 

If the clinical condition does not improve with the 

treatment of methylene blue, Red Cell Exchange (RCE) 

is an accepted treatment modality [2,4-6]. RCE is a type 

of apheresis in which red cells with methemoglobin are 

replaced with healthy donor red cells, thus improving 

oxygen-carrying capacity. RCE is an apheresis 

procedure that is performed using automated cell 

separators; however, when machines are not available, 

it can be carried out manually [7]. Blood volume is 

calculated according to the patient’s gender, body 

weight, and height, and the patient’s red cell volume is 

replaced with healthy red cells according to 

haematocrit. Therefore, patients need varying amounts 

of packed red cells for the procedure. 

Blood products are a scarce resource as they cannot be 

manufactured artificially or replaced by pharmaceutical 

products. The blood stocks depend on many factors, 

including availability of donors, consumables, and 

blood bank staff [8]. Shortage of blood products is a 

challenge for every transfusion service in the world, and 

it poses a severe threat to healthcare systems, directly 

compromising patient outcomes. Furthermore, during 

mass-casualty incidents, transfusion services must 

transition from standard inventory management to 

emergency release of blood products [9]. Usually, 

Group O Rh D negative packed red blood cells and AB 

plasma have higher demand in such situations. As far 

as the financial impact of blood banking is concerned, 

the economic burden of blood products extends far 

beyond initial donor collection, heavily impacting 

healthcare infrastructure through hidden operational 

expenses. Considering all facts, studies are required to 

assess blood product utilisation. This study was 

conducted to assess red cell usage for RCE in propanil 

poisoning. 

 

 

Methodology 

This descriptive study was conducted at a blood bank of 

a District General Hospital in Sri Lanka for a period of 

2 years from January 2024 to December 2025. The 

study population included patients who have 

undergone RCE for propanil poisoning. The researcher 

collected data by checking the patient records from the 

hospital. Information on patients’ gender, age, blood 

group, number of RCE cycles performed, method of 

RCE, number of red cell units used and complications 

of the procedure was recorded. Data were entered in 

spreadsheet software and analysed. 

RCE procedures have been performed automatically or 

manually. In both methods, patients’ red cell volume 

was replaced with donor red cells. Red cell packs were 

tested for compatibility at the blood bank. Procedures 

were carried out at the medical intensive care unit (ICU) 

or at the high dependency units (HDU).   

Results 

The study population included 16 patients who 

underwent RCE for propanil poisoning. Out of them, 

14 (87.5%) were male, and 2 (12.5%) were female. The 

mean age of the patients was 38.37 years (SD = 17.58). 

Regarding blood group, O Rh D Positive was the most 

common (n=8, 50%), followed by A Rh D Positive 

(n=4, 25%). 3 (18.75%) patients were B Rh D positive, 

and 1 (6.25%) was O Rh D Negative. The study 

population had a mean weight of 60.43 kg (SD = 

11.43kg). The mean of the pre-procedure haemoglobin 

level was 11.64 g/dl (SD = 2.68 g/dl). 

Depending on the clinical improvement, patients were 

offered one or two RCE cycles (two cycles, n = 6; and 

one cycle, n=10). Therefore, there was a total of 22 RCE 

procedures for 16 patients during this period. Out of the 

22 RCE procedures, 16 (72.73%) were done using an 

automated cell separator, and 6 (27.27%) procedures 

were performed manually. None of the RCE procedures 

caused complications in patients. 

During the study period, a total of 164 red cell units 

were utilised for all 22 RCE procedures. Out of those 

164, 119 red cell units were exchanged during the first 

RCE cycle, and 45 red cell units were used for the 

second RCE cycle in 6 patients. Therefore, the average 

blood usage per RCE cycle was 7.45 units, and 10.25 

units were needed per patient on average. The mean red 

cell exchange volume per cycle is 2074.63ml. The blood 

groups of the utilised red cell packs are summarised in 

Table 1. 
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Table 1: Blood groups of the red cell units utilised in 

RCE 

Blood group Number of red cell units (%) 

A Rh D Positive 53 (32.32) 

B Rh D Positive 21 (12.8) 

O Rh D Positive 90 (54.88) 

Total 164 (100) 

 

Discussion  

The results of the study have shown that a significant 

number of red cell units have been utilised for RCE in 

propanil poisoning. On average, 10.25 red cell units 

were needed for a patient who underwent RCE. As far 

as the blood groups of red cell units are concerned, the 

most common blood group used was O Rh D Positive, 

which is compatible with the Sri Lankan donor 

population as well [10]. Six (37.5%) patients needed a 

second RCE cycle for clinical improvement, increasing 

the demand for red cell units for RCE. Depending on 

patient blood volume, apheresis protocols, and clinical 

practices, each procedure requires a substantial volume 

of blood, typically ranging from 3 to 15 red blood cell 

units [11]. Usually, in an adult apheresis procedure, 1 to 

1.5 volumes are exchanged. When RCE is performed 

using automated cell separators, average red cell usage 

is 8 - 10 units per procedure [12]. However, when 

automated apheresis equipment is unavailable, a 

manual RCE procedure is performed, and it needs 6 - 8 

red cell units per cycle [13]. Hence, the observed 

average use of 10.25 red cell units per patient in the 

current study is comparable to the available data. 

Considering this amount of blood usage for RCE in 

propanil poisoning, indications for RCE procedure 

should be clearly defined in the management protocols. 

Propanil is a very potent and widely used herbicide, and 

it has been categorised as a moderately hazardous 

poison by the WHO [14]. It is a commonly used 

herbicide and has shown an 8.2% case fatality rate in Sri 

Lanka [1]. In propanil poisoning, red blood cells 

produce and accumulate methaemoglobinemia because 

propanil is converted to 3,4-

dichlorophenylhydroxylamine, which is subsequently 

co-oxidised with oxyhemoglobin to the ferric state and 

decreases oxygen-carrying capacity [15]. Therefore, 

cyanosis and acidosis occur, and finally organ failure 

could happen. IV methylene blue is considered the 

treatment of choice in methaemoglobinaemia [4].  

RCE is also an effective treatment modality in 

methemoglobinemia when IV methylene blue fails to 

achieve full recovery [2,4-6,16]. In RCE, affected red 

cells are replaced with healthy donor red cells, thus 

improving tissue oxygenation. Therefore, clinical 

improvement of the patient is observed immediately. 

The procedure can be performed using an automated 

cell separator or manually. For both methods, healthy 

donor red cell units are needed, and those units are 

tested for compatibility with the patient. That includes 

ABO blood group matching, screening for unexpected 

antibodies, and crossmatch compatibility [17]. Adverse 

events of RCE include transfusion reactions, including 

haemolytic transfusion reaction due to incompatible 

blood transfusion, allergic reactions, hypocalcaemia 

due to citrate toxicity, hyperkalaemia, hypothermia and 

transmission of infectious agents [18]. In addition, 

procedure-related complications such as machine 

failures could happen. Vascular access-related 

complications like infections, bleeding, and thrombosis 

are also possible in apheresis procedures. None of the 

patients in the study population developed any adverse 

event related to the RCE procedure. The occurrence of 

adverse events was 19.7% in a study that analysed 760 

RCE procedures in sickle cell disease [19]. However, 

the current study included only 22 RCE procedures, and 

this could be the reason for not showing any adverse 

events. Treatment with exchange transfusion requires 

extensive monitoring and is ideally done in the ICU set-

up. There can be a requirement for additional 

methylene blue doses even after exchange transfusion 

[3]. 

There are studies conducted to audit red cell usage in 

hospitals; however, audits on red cell usage in apheresis 

procedures are lacking. A quality audit conducted on 

red blood cell transfusion in southern Finland revealed 

that consumption of red cells has decreased with time 

[20]. The researchers have highlighted the importance 

of restrictive transfusion policy. Evidence-based 

practice on patient blood management (PBM) 

programmes can increase awareness of rational RBC 

use. The strategy is beneficial as transfusion of blood 

products carries risk and has a considerable cost for the 

health care service. Another study conducted in the 

United States has shown that out of 6518, 2063 red cell 

units were transfused as single units [21]. So, utilising 

more than 10 units per patient is a considerable amount.  

So the risk of Rh D alloimmunization is inevitable. 

Nevertheless, RCE procedure in the critically ill period 

is considered a life-saving measure. Therefore, despite 

the risk of Rh D alloimmunization, RCE with O Rh D-

positive red cells is justifiable when O Rh D-negative 
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red cell units are unavailable. The risk of developing 

anti-D when transfusing RhD-positive blood to an 

RhD-negative patient is low, and it is beneficial when 

balanced against its potential benefits [22]. This 

approach is particularly indicated for high-volume 

transfusion requirements, such as RCE.  

Notably, one patient in the study group, whose blood 

group was O RhD negative, received O RhD-positive 

red cells. While transfusing RhD-positive blood to 

RhD-negative recipients carries an inherent risk of anti-

D alloimmunization, current literature demonstrates 

that the absolute incidence of seroconversion remains 

low [22]. In resource-constrained settings or 

emergencies, this risk must be carefully balanced 

against the immediate therapeutic benefits of volume 

restoration and improving oxygen-carrying capacity. 

Because the threat of acute hemorrhagic shock poses an 

imminent risk to life, the strategic utilisation of RhD-

positive units is considered highly beneficial and 

clinically sound when balanced against the lower, 

delayed risk of subsequent antibody formation. 

Furthermore, studies have revealed that the risk of Rh 

D-alloimmunization does not increase with the number 

of red cell units transfused [23]. 

Conclusion 

RCE appears to be beneficial in the management of 

severe propanil poisoning by rapidly replacing affected 

red cells with functional donor red cells and thereby 

improving oxygen-carrying capacity. However, this 

therapeutic benefit comes at the cost of substantial red-

cell utilisation, as RCE requires transfusion of a large 

number of packed red-cell units per patient, which has 

implications for blood component availability and 

transfusion-resource utilisation, particularly in settings 

with limited blood supplies. This study highlights the 

importance of standardised, early intervention in severe 

propanil poisoning, pivoting away from RCE as only a 

last-resort rescue therapy. Furthermore, clear, objective 

thresholds for initiating red cell exchange to manage 

severe methemoglobinemia must be established. 

Transfusion services must implement contingency plans 

that ensure the rapid provision of blood units required 

for urgent RCE. Further audits are recommended to 

improve patient outcomes. 

Ethics approval:  

Ethical clearance for the study was obtained from the 

Ethical Review Committee of the Teaching Hospital, 

Polonnaruwa 

 

References 

1. Buckley NA, Fahim M, Raubenheimer J, Gawarammana IB, Eddleston M, Roberts MS, et al. Case fatality of agricultural 

pesticides after self-poisoning in Sri Lanka: a prospective cohort study. Lancet Glob Health. 2021;9(6):e854–62. 

doi:10.1016/S2214-109X(21)00086-3 

2. Jayarathna MJS, Kaththota KRPR, Manilgama S, Hettiarachchi NM. Propanil poisoning, management and challenges 

faced by health professionals in Sri Lanka. Asian J Intern Med. 2025; 4(1): 30-35. doi:10.4038/ajim.v4i1.249 

3. Kurukulasuriya AP, Asokan A, Dissanayake HWW. Direct oxidant damage to red cells associated with propanil ingestion. 

Ceylon Med J. 2003; 48(3):88-89. doi:10.4038/cmj.v48i3.3353 

4. Ranasinghe P, Dilrukshi SA, Atukorala I, Katulanda P, Gnanathasan A. Exchange transfusion can be life-saving in severe 

propanil poisoning: a case report. BMC Research Notes. 2014;7(700). doi:10.1186/1756-0500-7-700 

5. Senavirathna S, Dammalage N, Fernando N, Hasantha R. A Case of Propanil Poisoning Managed with Manual Red Cell 

Exchange. J Trop Health. 2025;1(1):29-32. doi:10.4038/joth.v1i1.4 

6. Varathan S. The value of exchange transfusion in severe propanil poisoning. Sri Lankan J Anaesthesiol. 2004; 12:107–108 

7. Stussi G, Buser A, Holbro A. Red Blood Cells: Exchange, Transfuse, or Deplete. Transfus Med Hemother. 2019;46(6):407-

416. doi:10.1159/000504144  

8. Gammon R, Becker J, Cameron T, et al. How do I manage a blood product shortage? Transfusion. 2023;63(12):2205-2213. 

doi:10.1111/trf.17572 



 

Senavirathna S et al. 2026, 02:03  https://doi.org/10.4038/joth.v2i3.66        

 

Journal of Tropical Health 2026 Vol. 2 (Issue 3) 27-31 

9. Ciaraglia A, Brigmon E, Braverman M, et al. Use of whole blood deployment programs for mass casualty incidents: South 

Texas experience in regional response and preparedness. J Trauma Acute Care Surg. 2022;93(6):e182-e184. 

doi:10.1097/TA.0000000000003762 

10. Annual Statistics Report of National Blood Transfusion Service, Sri Lanka. 2024. 

11. Raba M. Selecting red blood cell units to perform RBCX in patients with sickle cell disease. Transfus Apher Sci. 

2019;58(2):142-146. doi:10.1016/j.transci.2019.03.007 

12. Guidelines for the Use of Automated Red Blood Cell Exchange (RBCx) Transfusion in Sickle Cell Disease. New Zealand 

Blood Service. 2020. Available at https://www.nzblood.co.nz/assets/Transfusion-Medicine/PDFs/111G006.pdf 

13. Swerdlow P. Red Cell Exchange in Sickle Cell Disease. Haematology Am Soc Hematol Educ Program 2006; 2006 (1): 48–

53. doi:10.1182/asheducation-2006.1.48 

14. Herath P, Weerakoon K, Weerasinghe M, Siribaddana S. Characteristics and Outcomes in Acute Propanil Poisoning: a 

Scoping Review Protocol. J Trop Health. 2025;1(1):23-28. doi:10.4038/joth.v1i1.3 

15. Roberts DM, Heilmair R, Buckley NA, Dawson AH, Fahim M, Eddleston M, et al. Clinical outcomes and kinetics of 

propanil following acute self-poisoning: a prospective case series. BMC Clin Pharmacol. 2009;9(1). doi:10.1186/1472-

6904-9-3 

16. Arunpriyandan V, KT S, Umakanth M. A New Treatment Approach for Acute Propanil Poisoning: A Case Report. 

Cureus. 2022; 14(6). doi:10.7759/cureus.26416 

17. Milkins C, Berryman J, Cantwell C, Elliott C, Haggas R, Jones J, et al. Guidelines for pre-transfusion compatibility 

procedures in blood transfusion laboratories. Transfus Med. 2013; 23:3-35. doi:10.1111/j.1365-3148.2012.01199.x 

18. Soutar R, McSporran W, Tomlinson T, Booth C, Grey S. Guideline on the investigation and management of acute 

transfusion reactions. Br J Haematol. 2023; 201(5): 832–844. doi:10.1111/bjh.18789 

19. Wade J, Yee MEM, Easley KA, Pahz S, Butler H, Zerra PE, et al. Procedural adverse events in pediatric patients with 

sickle cell disease undergoing chronic automated red cell exchange. Transfusion. 2022;62(3):584-593. 

doi:10.1111/trf.16807 

20. Laurén E, Vikatmaa L, Kerkelä E, Kivipuro T, Krusius T, Syrjälä M, et al. Red blood cell transfusion in southern Finland 

from 2011 to 2016: a quality audit. Transfus Med. 2019;29(1):41-47. doi:10.1111/tme.12568 

21. Ramsey G, Wagar EA, Grimm EE, Friedberg RC, Souers RJ, Lehman CM. Red blood cell transfusion practices: a College 

of American Pathologists Q-Probes study of compliance with audit criteria in 128 hospitals. Arch Pathol Lab Med. 

2015;139(3):351-5. doi:10.5858/arpa.2013-0756-CP 

22. Cardigan R, Latham T, Weaver A, Yazer M, Green L. Estimating the risks of prehospital transfusion of D-positive whole 

blood to trauma patients who are bleeding in England. Vox Sang. 2022;117(5):701-707. doi:10.1111/vox.13249 

23. Seheult JN, Callum J, Delaney M, Drake R, Dunbar NM, Harm SK, et al. Rate of D-alloimmunization in trauma does 

not depend on the number of RhD-positive units transfused: The BEST collaborative study. Transfusion. 2022;62 Suppl 

1:S185-S192. doi:10.1111/trf.16952 

 


