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Outcome of Plasma Exchange in Acute Liver Failure due to 
Yellow Phosphorus Poisoning: A Single-center Experience
Srivatsa Angraje1 , Manikantan Sekar2 , Biswajit Mishra3 , Jayakumar Matcha4

AbstrAct
Background: Yellow phosphorus (YP) is a protoplasmic poison that causes acute liver failure (ALF) for which liver transplantation is the definitive 
modality. Hereby, we present our clinical data on the role of plasma exchange (PE) in ALF due to YP poisoning when liver transplantation is 
not readily available. 
Methods: Our study is a prospective observational type, conducted between January 2017 and January 2020, which included patients with 
ALF due to YP poisoning requiring PE. Clinical features, quantity of poison consumed, and laboratory data before and after PE were noted, and 
the outcome was documented. 
Results: This study had 10 patients. The mean age was 30 years. The ratio of male to female being 1.5:1. The amount of YP consumed (median) 
was 10 gm. Six patients consumed ≤10 gm and four consumed >10 gm. The mean of total PE sessions was 3.3. Seven patients (70%) had 
recovery from ALF, out of which five had consumed <10 gm of YP. Among patients who recovered after consuming YP, the mean day to get 
admitted to the hospital was 3.6 ± 1.81 (p = 0.017) and the time to start PE was 4.86 ± 1.67 days (p = 0.033). Three patients did not recover 
from ALF, of whom two expired. Peak total bilirubin (mg/dL) decreased to 2.76 from 9.29 (p = 0.005), serum glutamic oxaloacetic transaminase 
to 53.5 from 530 (IU/L) (p = 0.005), serum glutamic pyruvic transaminase to 54.5 from 378 (IU/L) (p = 0.005), international normalized ratio to 
1.08 from 2.26 (p = 0.008), prothrombin time(s) decreased to 13.3 from 25.5 (p = 0.013), and activated partial thromboplastin time(s) to 24.6 
from 40.8 (p = 0.007) post-PE sessions.
Conclusions: Our study revealed that the patient outcome depends on the quantity of poison consumed, duration of hospitalization, and time 
to start PE from the day of YP consumption. PE may be considered as a bridge to liver transplant in ALF patients.
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IntroductIon
Elemental phosphorus exists in two forms: yellow and red. Red 
phosphorus is nontoxic because it is not soluble, unabsorbable, 
and hence not toxic when consumed. Yellow phosphorus (YP) is 
the only toxic form of elemental phosphorus. It is a protoplasmic 
poison. It is used in the production of a chemical that kills 
rodents and is also used for preparing firecrackers. Rodenticides 
are obtained as powders and pastes having 2–5% of YP.1–4 
It affects multiple organ systems. As little as 15 mg can be lethal, 
although 1 mg/kg body weight is the generally accepted lethal 
dose.5 It is fat-soluble and well-absorbed in the intestinal tract. 
It evolves phosphine in dilute acid in the digestive tract producing 
signs and symptoms.5 It is directly hepatotoxic after absorption.6

Oral ingestion of YP produces necrobiosis of organs particularly 
the liver causing acute liver failure (ALF), resulting in overwhelming 
hepatocyte death. Damage-associated molecular patterns, 
systemic inflammatory responses, and various toxins are released 
with toll-like receptor-dependent activation of innate immune 
cells.6,7 Plasma exchange (PE) tends to remove albumin-bound 
and unbound toxins, like ammonia, indoles, aromatic amino acids, 
endotoxin, and other inflammatory mediators.8,9 Liver transplant 
is the definitive modality for ALF due to YP. There is no antidote to 
reverse hepatic damage.10 Recent guidelines recommend PE as an 
essential and emergency treatment modality for critically ill patients 
with ALF until recovery or availability of liver transplantation.11,8 
Both high and standard volume PE have been advocated for 
patients with ALF.6–7
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Hereby, we elaborate our experience in approaching ALF due 
to YP poisoning, with a standard volume PE as a modality when 
liver transplants are not easily available and to assess the effect of 
PE on liver parameters and patient outcome.

Methods
This prospective observational study is done in a tertiary center 
between January 2017 and January 2020 in South India. All YP 
poisoning patients (as confirmed by observing the container 
containing the poison) with ALF requiring PE were included after 
informed written consent was obtained. Exclusion criteria included 
age <18  years, chronic liver disease patients, all causes of ALF 
other than YP, and those patients who did not give consent for 
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PE. All patients were treated with vitamin K and N-acetylcysteine 
(NAC) and all underwent standard volume PE.8 Clinical features, 
comorbidities, quantity of poison consumed, days of hospital stay, 
days to start PE, and baseline characteristics were documented. 
Laboratory profiles, including complete hemogram, liver 
function tests (LFT), and coagulation parameters [prothrombin 
time (PT), international normalized ratio (INR), activated partial 
thromboplastin time (APTT)], were noted serially before and 
12 hours after each session of PE. Patient outcomes were recorded 
as survival or death; liver parameter outcomes as recovered or 
not. Hence, we assessed the impact of PE on the parameters of 
liver functions. Those patients who survived were followed up till 
their liver functions were normalized or up to three outpatient 
department visits whichever is earlier.

ALF was elucidated as acute and severe hepatic injury up 
to a duration of 4  weeks in a patient with no preexisting liver 
disease, resulting in coagulation derangements with an INR of 
≥1.5 and any degree of encephalopathy.12,13 Recovery of ALF was 
defined as resolution of liver enzymes [serum glutamic oxaloacetic 
transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT)] 
and coagulation derangements (PT/INR) to normal or a declining 
trend in the above parameters during the hospital course to reach 
at least 25% of the upper limit of normal.

PE  w as  p e r fo r m e d usin g h o l l ow f ib e r  m e mb r an e 
plasmapheresis with standard volume of approximately 3  L 
for each session using formula 0.065 × weight (kg) ×  [1 − Hct] 
with a duration of 2 hours done through noncuffed two-lumen 
temporary dialysis catheter inserted in the common femoral 
vein.9,14 Equal volumes of replacement fluid and fresh frozen 
plasma were utilized. The PE sessions were decided by the treating 
physician based on liver parameters, coagulation improvements, 
and clinical recovery.8

Baseline characteristics were documented. Continuous 
variables were expressed as mean  ±  standard deviation (SD) 
or median and interquartile range (IQR) according to a normal 
distribution by using Shapiro–Wilk test. Friedman test for 
nonparametric variables at different points of time was applied. 
After adjusting for Bonferroni correction, a post hoc test was done 
for multiple comparisons. Independent t-test and χ2 tests were 
used for statistical analysis wherever required. For data that did 
not follow a normal distribution, the significance of differences was 
tested using Mann–Whitney or Wilcoxon tests. Statistical analysis 
was carried out using the SPSS version 20.0 software. A p-value of 
<0.05 was considered statistically significant. For the post hoc test, 
a p-value of <0.016 was considered significant. 

Informed written consent was obtained. Institutional ethics 
committee approval was obtained.

results
Ten patients were available for analysis. Age ranged from 
18–56 years (mean 30 years; median 24.5 years with IQR of 21.7–
38.2). The ratio of male to female was 1.5:1. One had a history of both 
diabetes and hypertension and one had hypothyroid. All patients 
presented with icterus. Six patients had vomiting, and five had 
headache. Two had abdominal pain. One developed acute kidney 
injury requiring hemodialysis (HD). Ninety percent of patients had 
intentional YP consumption in the form of a paste, with each tube 
having 40 gm of 4% YP. Among patients who consumed ≤10 gm 
(n = 6), five recovered from ALF (83.3%) whereas only two recovered 
(50%) among those who consumed >10 gm (n = 4). 

Baseline laboratory characteristics are summarized in Table 1. 
A majority of patients presented with vomiting (n = 6), fever, and 
headache (n = 5) with generalized weakness. All patients had icterus 
(n = 10). Mean admission model for end-stage liver disease (MELD) 
score was 20.8 ± 9.4, which peaked to 27 ± 11.6 prior to PE. Higher 
grades of hepatic encephalopathy (HE), higher ammonia levels, high 
total bilirubin, low platelets, and sodium at presentation resulted 
in poor recovery from ALF, whereas high MELD score, high total 
bilirubin, and higher grades of HE on admission resulted in poor 
patient survival (Table 1). 

Overall, patients underwent 33 sessions of PE (mean 3.3). Out 
of 10 patients, 4 underwent 2 PEs, 3 underwent 5 PEs, 2 received 
3 PEs, and the remaining 1 received 4 sessions. A total of seven 
patients (70%) recovered from ALF (22 sessions of PE with a mean 
of 3.1), whereas three did not recover (11 sessions of PE with a mean 
of 3.7). Out of those three patients, one patient was referred for 
liver transplantation, while the rest two succumbed. For recovery 
from ALF, mean time to get admitted to the hospital was 3.6 days 
(p = 0.017) and mean time to start PE was 4.86 days (p = 0.033) when 
compared to those who did not recover from ALF. The mean time 
to hospitalization among survivors was 3.9  days (p =  0.04), and 
mean time to initiate PE was 5.1 days (p = 0.044) when compared 
to nonsurvivors (Table 2).

Table 3 summarizes the laboratory parameters before and after 
PE with significant improvements in liver functions and coagulation 
profile. Total bilirubin declined from 9.3 before PE to 2.76 after PE 
(p = 0.005); SGOT declined from 530 to 53.5 (p = 0.005); SGPT from 
378–54.5 (p = 0.005); INR to 1.08 from 2.26 (p = 0.008); PT declined 
to 13.3 from 25.5 (p = 0.013); and APTT to 24.6 from 40.8 (p = 0.007) 
post-PE. 

Table 4 compares the data before and after PE among those 
who recovered from ALF with those who did not, also among the 
survival and nonsurvival groups. Levels of total bilirubin (p = 0.03) 
and SGOT (p = 0.017) were significantly lower in those recovered 
from the ALF group. The group that showed liver recovery had 
lower total bilirubin (p = 0.03) before PE; normalized total bilirubin 
(p = 0.033); lower INR (p = 0.017); and APTT (0.033) after PE when 
compared to the group, which showed no liver recovery. Although 
SGOT was higher in the recovered group prior to PE, there was 
significant decline post-PE (p = 0.017) in contrast to the patients 
who did not have liver recovery. Among the survivors, there was 
much more decline in the liver and coagulation parameters when 
compared to nonsurvivors (Table 4). However, multivariate logistic 
regression did not show significant predictors for liver recovery. 

dIscussIon
This study analyzed the role of PE in ALF due to YP. The mean age in 
this study was 30 years with a median of 24.5 years. Other studies 
too had a majority of patients in their second or third decade.1,2,15 
The ratio of male to female was 1.5:1. Other studies too had a 
similar ratio of 1.1 to 1.8:1.2,3 One study had patients presenting in 
the mid to late second decade with more female preponderance 
(1:1.7).16 Ninety percent of YP intake in this study was deliberate with 
suicidal intent seen among young individuals and may reflect rising 
social stressors. The earliest symptoms of YP are usually nausea, 
abdominal pain, feeling of chilliness, and of being “cold all over.” 
Phosphine is a highly toxic gas that is evolved on exposure of YP 
to gastric acids, which in turn inhibits cytochrome C oxidase and 
oxidative respiration.17,18 YP is crystalline, white to yellow powder 
that turns dark on exposure to light.22 YP is directly hepatotoxic 
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and INR had significant improvement post-PE.9 Laboratory data for 
univariate analysis for recovery as in Table 4 had significant difference 
(p <0.05) in bilirubin [before (B/F) and after (A/F) PE], SGOT (B/F and 
A/F PE), INR (A/F PE), and APTT (A/F PE) among recovered and not 
recovered. However, no significant difference was noted among 
the survival group. This is in-line with the other study.9 However, 
multivariate logistic regression analysis did not show any significant 
predictors for liver recovery.

Exchange transfusions in acute YP intoxication were described 
as early as 1971.15 In that study, 5 among 15 patients of HE were 
given exchange transfusions (one to three), resulting in 3 survivals 
and 2 deaths. Of those 10 patients, who were not given exchange 
transfusion, 7 died and 3 survived. The study did not show 
statistically significant conclusions. Cheng et  al.9 retrospectively 
studied 10 patients of Asian descent with ALF caused due to wide 
etiologies treated with standard volume PE. Mean PE sessions were 5 
with a median length of hospital stay of 33 days with nonsignificant 
improvement in coagulation parameters after PE with 30% survival. 
A prospective study of high volume PE in Caucasian patients by 
Larsen et al.,7 among 92 patients of ALF with a wide etiology showed 
a survival benefit of 58.7% with a mean session of PE of 2.4 and mean 
days of hospital admissions of 21.9 days when compared to standard 
medical therapy. There was a statistically significant improvement 
in INR and ALT post-PE. Extrapolating the results of these studies to 
ALF caused by only YP needs to be validated by large randomized 
controlled trials. 

Our study had many limitations. Firstly, a small sample size in the 
study population was done in a single center. Secondly, those patients 
who presented late with significant liver damage were also included 
and given PE, which is a limitation. Thirdly, a poor resource setting 
where affordability to PE is also a big burden. Finally, confirmation 
of YP consumed was done by observing the container containing 
poison and not by chemical analysis. However, as per the best of our 
knowledge, it is the first observational prospective study reporting 
the outcome of PE in patients with ALF due to YP poisoning.

conclusIon
In conclusion, PE may be considered as a modality for ALF due to 
YP as a bridge to transplantation. Patient outcomes depend on the 
amount of YP consumed and the time to initiation of PE. Further 
prospective randomized multicenter studies are needed to validate 
these findings.
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after absorption.6 YP poisoning manifests in three stages. The first 
stage is within a day where patients are either asymptomatic or 
have features of local gastrointestinal irritation. The second stage 
occurs between 24 and 72 hours after consumption and has no 
symptoms with mild elevation of liver enzymes, when a patient may 
be discharged. The third stage is after 72 hours till the resolution 
of symptoms or death.1,19,17 In our study, all patients had icterus 
and the majority had vomiting. Thirty percent had grade 3 HE and 
20% had abdominal pain. In one study, abdominal pain and altered 
sensorium were seen in 60%.20

The treatment of YP is aimed at the removal of the poison, 
prevent absorption, and protect body organs. The use of 1:1000 
potassium permanganate as gastric lavage15,21 or liquid petrolatum 
(mineral oil) as a purge has been found useful.18 The fatality rate 
is >50% depending on the amount of phosphorus absorbed 
from the intestine.16 ALF due to YP being treated with NAC is still 
to be validated.2,20 A recent retrospective study has shown the 
benefit of NAC if given early. However, a time lag of >24  hours 
was a significant risk factor for mortality.23 Many studies were 
reported for the beneficial effect of extracorporeal techniques in 
ALF caused by acetaminophen, alcohol, viruses, etc.6,7,9 Recent 
guidelines recommend PE (high volume) as therapeutic first-line 
management in ALF.8 The amount of YP consumed was 13.5 gm 
(mean) with a median of 10 gm. This was comparable with other 
studies.20 There was 85.7% recovery from ALF among patients who 
consumed <20 gm, whereas only 14.3% recovered among those who 
consumed >20 gm. The mean delay in presentation to hospital after 
YP consumption was 6 days, which was in-line with other study.20

Subgroup analysis of baseline characteristics on admission 
showed higher grades of HE, higher ammonia levels, high total 
bilirubin, low platelets, and sodium at presentation resulted in 
poor recovery from ALF, whereas high MELD score, high total 
bilirubin, and higher grades of HE resulted in poor patient survival 
(Table 1). This is in contrast to another study, where there was no 
significant difference in lab values at admission among survivors 
and nonsurvivors.9

Seventy percent recovery rate from ALF was seen in our study 
with a mean PE session of 3.3 and a mean duration of hospital stay of 
13.6 days. The mean time to get admitted to the hospital was 3.6 days 
(p = 0.017) and mean time to start of PE was 4.86 days (p = 0.033) after 
YP consumption for recovery from ALF. Among the three patients 
who did not recover from ALF, two expired and one was sent for liver 
transplantation. In other studies7,9 where PE was done for ALF due 
to any cause, the mean sessions ranged from 2.4–5. Mean hospital 
stay in these studies was 21.9–33 days. A significant difference in 
various parameters of liver functions and coagulation parameters 
was observed in pre- and post-PE values (p <0.05) (Table 3). This 
was in keeping with other studies also, where bilirubin, SGOT, SGPT, 

Table 3: Overall effects of PE sessions on laboratory parameters of patients among YP with ALF (n = 10)

Variables (median and IQR) Before PE After PE sessions p value
Total bilirubin (mg/dL)   9.3 (1.53–15.7) 2.76 (0.5–9.9) 0.005
SGOT (U/L) 530 (323–794) 53.5 (29.5–84.8) 0.005
SGPT (U/L) 378 (269–566) 54.5 (38–97.5) 0.005
PT (s) 25.5 (22.9–66.1) 13.3 (11.7–26) 0.013
INR 2.26 (2–3.6) 1.08 (1–1.21) 0.008
APTT (s) 40.8 (31.7–88.2) 24.6 (22.9–29.4) 0.007

Abbreviations: PT, prothrombin time; INR, international normalized ratio; APTT, activated partial thromboplastin 
time; SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic pyruvic transaminase
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