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ABSTRACT

BACKGROUND: Isoniazid toxicity from self-poisoning or dosing errors remains common in regions
of the world where tuberculosis is prevalent. Although treatment of isoniazid poisoning is centered on
supportive care and pyridoxine administration, extracorporeal treatments (ECTRs), such as
hemodialysis, have been advocated to enhance elimination of isoniazid. No systematic reviews or
evidence-based recommendations currently exist on the benefit of ECTRs for isoniazid poisoning.
OBJECTIVES: The Extracorporeal Treatments in Poisoning (EXTRIP) workgroup systematically
collected and rated the available evidence on the effect of and indications for ECTRs in cases of
isoniazid poisoning.

METHODS: We conducted a systematic review of the literature, screened studies, extracted data on
study characteristics, outcomes, and measurement characteristics, summarized findings, and
formulated recommendations following published EXTRIP methods.

RESULTS: Forty-three studies (two animal studies, 34 patient reports or patient series, and 7
pharmacokinetic studies) met inclusion criteria. Toxicokinetic or pharmacokinetic analysis was
available for 60 patients, most treated with hemodialysis (n=38). The workgroup assessed isoniazid
as “Moderately Dialyzable” by hemodialysis for patients with normal kidney function (quality of
evidence = C) and “Dialyzable” by hemodialysis for patients with impaired kidney function (quality of
evidence = A). Clinical data for ECTR in isoniazid poisoning were available for 40 patients. Mortality
of the cohort was 12.5%. Historical controls who received modern standard care including
appropriately dosed pyridoxine generally had excellent outcomes. No benefit could be extrapolated
from ECTR, although there was evidence of added costs and harms related to the double lumen
catheter insertion, the extracorporeal procedure itself, and extracorporeal removal of pyridoxine.
CONCLUSIONS: The EXTRIP workgroup suggests against performing ECTR in addition to standard
care (weak recommendation, very low quality of evidence) in patients with isoniazid poisoning. If
standard dose pyridoxine cannot be administered, we suggest performing ECTR only in patients with
seizures refractory to GABA, receptor modulators (weak recommendation, very low quality of
evidence).

Keywords: isoniazid; poisoning; extracorporeal treatment; dialysis; dialyzability; systematic review;

consensus recommendations; EXTRIP
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Introduction

Isoniazid is a first-line agent in the treatment of both latent and active tuberculosis. Toxicity from self-
poisoning and therapeutic errors remain common, especially where tuberculosis is prevalent.' 2
Treatment of isoniazid poisoning is centered towards supportive care and pyridoxine. However, in
severe cases, extracorporeal treatments (ECTRs) such as hemodialysis (HD) and hemoperfusion

(HP) are occasionally proposed to enhance elimination of isoniazid.3 4

Clinical Pharmacology and Toxicokinetics
Isoniazid is primarily used for treatment of Mycobacterium tuberculosis infections but also for rarer
nontuberculous mycobacterial infections. Its importance is highlighted by inclusion on the World

Health Organization's List of Essential Medicines.®

Isoniazid’s physicochemical and pharmacokinetic properties are summarized in Table 1. Between
75% and 95% of isoniazid is acetylated by hepatic N-acetyltransferase-2 to acetylisoniazid and then
to acetylhydrazine and by hydrolysis to isonicotinic acid and hydrazine.® The capacity for acetylation
is genetically determined and varies among ethnic groups: 50% of Caucasians and African-
Americans and 80 to 90% of Asians and native peoples of Arctic regions are rapid acetylators.” This
genetic polymorphism results in a two- to three-fold difference in elimination half-lives (Table 1).
Isoniazid half-life becomes prolonged in liver disease and kidney impairment.2 Although a prolonged
apparent isoniazid half-life has been reported in overdose ° 19, most report values comparable to

therapeutic use.'"-15

Overview of Toxicity

Isoniazid and its metabolites inhibit pyridoxine metabolism and conversion of glutamate to gamma
aminobutyric acid (GABA), the major inhibitory neurotransmitter, while increasing glutamate
concentrations, the major excitatory neurotransmitter in the central nervous system (CNS).3% 3%
Symptoms of isoniazid poisoning manifest within 1-2 hours post ingestion and are characterized by
metabolic acidosis, coma, and seizures refractory to benzodiazepines and other anticonvulsants.36-39
Metabolic alterations include severe metabolic acidosis, hyperglycemia, glycosuria, ketonuria, and
mild hyperkalemia.3¢. 37. 40 Although isoniazid interferes with conversion of lactate to pyruvate, in
animal studies acidosis does not occur without seizures and resolves within 2 hours of seizure

termination.#’
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The length and severity of toxicity (especially seizures) is dependent on the isoniazid dose
ingested.3® 42 43 Early publications report a dose of 40 mg/kg was needed to induce seizures in
schizophrenic patients requiring electroconvulsive therapy, 44 although seizures occurred more
reliably with doses over 100-150 mg/kg.#> Serum isoniazid concentrations are imprecise surrogates
of potential toxicity. Based on data from 28 patients, in case series containing three or more cases
of isoniazid poisonings, the reported median highest isoniazid concentration was 74.5 mg/L (range:
0.5-450 mg/L) in survivors (n=24) and 127.5 mg/L (range: 72-600 mg/L) in fatalities (n=4).36.46-49

Standard care for acute isoniazid overdose includes seizure abortive therapies with GABA, receptor
allosteric modulators (e.g., benzodiazepines, barbiturates, propofol) and off-label high-dose
pyridoxine; endotracheal intubation for airway protection and respiratory support; correction of
metabolic acidosis; and minimization of drug absorption with activated charcoal. Pyridoxine restores
GABA production so that GABA, receptor modulators can enhance GABA receptor activity and
interrupt seizure activity.>® Animal models show pyridoxine is superior to conventional
anticonvulsants for termination of convulsions and preventing mortality.> 52 Compared to 41
isoniazid poisoned patients receiving no or inadequate pyridoxine, five patients with similar isoniazid
toxicity receiving one gram of pyridoxine per gram of isoniazid ingested had a shorter duration of
coma (7 h with pyridoxine vs 24 h with no or inadequate pyridoxine, p<0.1) and prompt resolution of
metabolic acidosis; a statistically significant dose-dependent effect of pyridoxine on seizure

recurrence was noted.48

Intravenous pyridoxine is dosed at one gram of pyridoxine for each gram of isoniazid ingested.36: 37. 50
If an unknown amount of isoniazid is ingested, pyridoxine 70 mg/kg in children or five grams in adults
is usually given.36 37 Pyridoxine and GABA, receptor modulators can be re-administered if seizures
persist or recur.3”- 5! Pyridoxine is well tolerated at doses up to 350 mg/kg in poisoned patients but

permanent and debilitating sensory neuropathies have been reported at doses of 2,000 mg/kg.48- 53

Prior to the use of pyridoxine, isoniazid poisoning mortality in large cohorts often exceeded 20% 5456,
which decreased when pyridoxine was used more systematically.36. 48. 57 With appropriate doses of
pyridoxine, mortality from isoniazid poisoning is rare, unless patients present late to care.38 39 42,43, 58,

%9 The last four years of data from the American Association of Poison Control Centers’ National

This article is protected by copyright. All rights reserved



Poison Data System lists 497 single substance isoniazid exposures of which 135 were moderately or

severely toxic, but no fatalities.®0-63

Although injectable pyridoxine is easily manufactured, supplies may be difficult to obtain in resource
poor settings and a single isoniazid poisoning can exhaust a hospital's stores of pyridoxine.64-67
Recent data shows only 30% of Italian emergency departments stocked pyridoxine® and there are
few manufacturers of injectable pyridoxine, which increases risk of supply chain interruptions. In
2018 and 2019, there were shortages of injectable pyridoxine due to manufacturing problems.68. 69
Oral pyridoxine, crushed and given via nasogastric tube, has also been used successfully*? 58 64,70, 71
for treating isoniazid poisoning, although not preferred as absorption may be impaired in critically ill
patients.”? If pyridoxine is unavailable, GABA, receptor modulators are used, but their effectiveness
may be limited. No systematic reviews or evidence-based recommendations currently exist on the

benefit of ECTRSs for isoniazid poisoning.

The EXtracorporeal TReatments In Poisoning (EXTRIP) workgroup is composed of international
experts representing diverse specialties and professional societies (Supplementary Table 1). Its
mission is to provide recommendations on the use of ECTRs in poisoning (http://www.extrip-
workgroup.org). The rationale, background, objectives, methodology, and initial recommendations
from the EXTRIP workgroup are published.”8 Our objective is to present EXTRIP’s systematic

review of the literature and recommendations for ECTR use in isoniazid poisoned patients.

Methods
The workgroup developed recommendations on the use of ECTR following published EXTRIP
methodology with modifications, updates, and clarifications.” The full methods and a glossary are

presented in the Supplemental Material.
In brief, the effect of extracorporeal (ECTR) was measured against standard care and alternative

treatments. Clinical questions were formulated following the standard “Patient, Intervention,

Comparison, Outcome” PICO model.
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Search Strategy

The following electronic databases were searched: PubMed/Medline, EMBASE, and Cochrane
Database for systematic reviews. Searches were not limited to English language or year of
publication. Titles were screened for appropriateness by two workgroup members independently and
full text papers were obtained and abstracted by the same two members into a standardized data
extraction tool. To supplement the electronic searches, workgroup members had the option of
contacting experts and manually searching journals, conference proceedings, reference lists, and

regulatory agency websites for relevant articles.

The following search strategy was used regarding the use of ECTR: (dialysis or hemodialysis or
haemodialysis or hemoperfusion or haemoperfusion or plasmapheresis or plasmaphaerisis or
hemofiltration or haemofiltration or hemodiafiltration or haemodiafiltration or plasma exchange or
CRRT or CKRT or CVV* or exchange transfusion or MARS) and (isoniazid or INH).

To identify cases of isoniazid-poisoned patients that were not treated with ECTR as historical
controls, the following search strategy was used: ([Toxicity OR poison* OR intoxication OR overdos*]
AND [Isoniazid OR INH]) AND Human. Only articles with patient-level data on more than three cases
were included to minimize publication bias. Cohorts with lack of granularity around dose, symptoms,

and treatments were excluded.

Evidence Review

Dialyzability was defined a priori (Supplementary Table 2). The quality of individual studies reporting
on toxicokinetic outcomes was assessed according to a pre-defined set of criteria (Supplementary
Table 3) and then summarized into a quality of the overall evidence (Supplementary Table 4). All
clinical outcomes of interest were identified a priori and rated for relative importance for decision
making (Table 5). Risk of bias was assessed using Cochrane risk of bias tools. Quality of the
evidence (Supplementary Figure 1) was assessed for each critical and important outcome, and then
for each recommendation using the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) approach.®0 1

Development of Clinical Recommendations
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For all recommendations, the workgroup members voted to reach agreement for final
recommendations. The anonymous online voting process consisted of a two-round modified Delphi
with each statement voted on a 9-point Likert scale and final results interpreted according to EXTRIP
voting rules based on median, lower or upper quartile (LQ or UQ) as appropriate, and disagreement
index (DI) as calculated using RAND/UCLA Appropriateness Method (Supplementary Figure 2) and
was performed using SimpleSurvey software. All recommendations were labelled as either “strong”
or “weak/conditional” according to the GRADE approach. The words “we recommend” indicate strong
recommendations and “we suggest’ indicate weak recommendations and can be interpreted using

Supplementary Figure 1

Results
Results of the literature search (first performed on March 1, 2019 and last updated October 23, 2020)

are presented in Figure 1. No new articles were identified after recommendations were finalized.

A total of 949 articles were identified after removal of duplicates. Forty-three articles were included
for qualitative analysis: 2 animal experiments °2 9, 7 pharmacokinetic studies 2. 30.%4-98 and 34 case
reports or case series.%'4 29, 36, 40,99-123 No randomized controlled trials or observational studies were
identified.

In the search for historical controls, a total of 6,294 articles were identified after removal of
duplicates. After exclusions, 36 articles reporting on three or more patients were identified with full
text available for 35 articles. Twenty-six articles had information on 192 individual patients with

isoniazid poisoning in which ECTR was not performed (Supplementary Figure 3).2 36. 40, 45-49, 58, 70, 124-
139

Summary of Evidence

Dialyzability

Isoniazid is a small molecule with negligible protein binding. This suggests that isoniazid passes
seamlessly through diffusive and convective ECTR membranes and would be adsorbed by charcoal
cartridges. This is confirmed by in vitro experiments with HD and HP °2 93 and by high extraction

ratios and clearances in human subjects.4 21 9. 116
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Despite a small volume of distribution, isoniazid’s high endogenous clearance and short endogenous
half-life limits the utility of ECTR for enhanced elimination. Pharmacokinetic studies show that when
intravenous isoniazid is given at the onset of HD, three quarters of administered dose is recovered
from the dialysate in 4-5 hours.?' However, if HD is started 2 hours after ingestion of isoniazid, only
2.4-18% of an oral dose is recovered in 3.5 hours.®® This can be explained by significant metabolism
and elimination prior to dialysis in the latter study (perhaps by incomplete absorption as well).
Toxicokinetic modeling suggests ECTR would be most beneficial within 2 hours of isoniazid

ingestion.?!

Table 2 presents the half-life and clearances of isoniazid observed during ECTR. Hemoperfusion
appears more efficient than HD at eliminating isoniazid. This can be attributed to older and less
efficient HD technology used for assessment of dialyzability (only 2 publications published after
1990). Data spanning over 50 years confirms major improvement in technology, filters, and
catheters: HD clearance of isoniazid was less than 25 mL/min in 1967 %, approximately 80 mL/min in
the 1970s # 21 and surpassed 100 mL/min in 1999.%

Peritoneal dialysis (PD) was inefficient at removing isoniazid. A pharmacokinetic study of 9 patients
showed mean isoniazid clearance of 2.7+6.6 mL/min.3° Recovery of isoniazid from dialysate was low:
1.1 g in 36 hours from 5 g ingested 1%, 0.2 g in 7 hours from 6 g ingested '°, and 3.1 g in 14 hours
from 15 g ingested.’®” Although the data are very limited, continuous kidney replacement therapy
(CKRT) and exchange transfusion (ET) appeared less efficient than both HP and HD.® 9 121 |n one
case, ECTR accelerated isoniazid elimination from the CNS compartment.'* The kinetics of isoniazid

metabolites during ECTR are not described.

The workgroup acknowledged that specific patient conditions would render ECTRs more efficient
relative to isoniazid metabolism and elimination. For example, endogenous clearance of isoniazid
would be expected to be less (and apparent half-life longer) in cases of kidney impairment, ileus,
slow acetylator status, and perhaps overdose. For these reasons, contribution of extracorporeal
clearance to total clearance (i.e., extracorporeal clearance + endogenous clearance) and dialyzability
is greater in patients with impaired kidney function. The workgroup assessed isoniazid as
“Dialyzable” with HD in patients with impaired kidney function (level of evidence: A) and as

“Moderately dialyzable” with HD in those with normal kidney function (level of evidence: C) (Table 3).
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Dialyzability of pyridoxine: Because of its high water solubility, small size, and small volume of
distribution (0.6 L/kg)'#°, removal of pyridoxine is substantial during HD (mean in vivo clearance 173
+ 90.2 mL/min with a cellulose dialyzer and blood flow of 375 mL/min)'" but negligible during PD
(0.5 mL/min)."42

Clinical Data

Evidence for a clinical effect of ECTR on isoniazid poisoning consists of case reports and case
series, all of which are anecdotal, lack controls, and are susceptible to publication bias. Forty cases
were described, 34 published prior to 1990, reflecting standards of care different than from today.
Most publications were of low methodological quality and lacked critical information 78.
Demographics, clinical findings, management, and outcomes are listed in Table 4. There were five
fatalities (12.5%) 36 102,105,106 gnd two patients suffered anoxic brain injury from prolonged seizure
activity.® 36 These patients either received no pyridoxine or a dose regarded today as inadequate
(less than 10% of the recommended dose). In a small number of patients, improvement was noted

after initiation of ECTR.". 13, 40,99, 101,103, 108-110, 113, 118,120 |n others, no improvement could be inferred.®

12,105

ECTR complications included one patient with thrombocytopenia-associated pharyngeal bleeding
following HP '3 and another developed hypotension during PD."% A concern with ECTR is removal
of pyridoxine'': five patients experienced seizures after initiation of ECTR, although in four, the
pyridoxine dose administered prior to ECTR was inadequate.® 190 105, 107 Several publications also
report ESKD patients receiving therapeutic doses of isoniazid, who developed toxicity despite a
therapeutic serum isoniazid concentration, including ototoxicity'#3, optic neuritis™4 145 and
encephalopathy.'0. 111. 123, 146-161 Although the etiology of toxicity in these cases is likely multifactorial
(malnutrition, uremia-induced impairment of phosphorylation), the chronology supports the
hypothesis of an ECTR-induced reduction in concentrations of pyridoxine and pyridoxal 5'-phosphate

(the active form of pyridoxine).41. 162,163
In the absence of comparative studies, the panel estimated the overall effect of ECTR by comparing

the cohort of patients receiving ECTR identified from our systematic review to similar cohorts of

patients not receiving ECTR (Table 5). Analysis limitations include the heterogeneous nature of our
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cohort, spanning 60 years, during which the standards of care have evolved: only 42% of patients
received a pyridoxine dose considered appropriate by modern standards and many GABA, receptor
modulators like benzodiazepines or propofol were not available in earlier reports. Mortality of patients
treated with modern standard care including appropriately dosed pyridoxine, without ECTR,
approaches 0%?2 38 39 42, 43, 5860 (Tables 4 and 5) and occurs in patients who did not receive an
appropriate pyridoxine dose or presented with severe toxicity.3® 42 Recurrence of seizures after
appropriate pyridoxine is rare in historical cohorts.3 58 In patients identified from our systematic
review of controls; 31 of 41 patients had no further seizures, one remained asymptomatic, and in 11
patients recurrence could not be determined.36: 47-49, 58, 70, 124, 126, 128, 129, 133, 134, 137 OQnly one case had
ECTR performed for ongoing seizures after an appropriate pyridoxine dose.'?® Outcomes comparing
patients treated with ECTR to those treated with neither ECTR nor pyridoxine would be useful to
assess the impact of ECTR in situations where pyridoxine is unavailable: in one recent case series,
all eight patients with isoniazid overdose who were treated without pyridoxine survived without
sequelae, although these patients had fewer indices of severity than our cohort (median isoniazid
ingestion 2.7 g (75 mg/kg) versus 10.3 g (183 mg/kg) in our cohort).? As mentioned above, older
cohorts receiving no or inappropriate pyridoxine report mortality rates often exceeding 20% although
this could be attributed to variable standard care including unavailability of GABAas receptor

modulators and ventilatory support.36. 48, 54-57

In summary, although the panel judged that formal comparisons between the ECTR cohort and
historical controls were inherently flawed, the indirect evidence from these outcome data suggests no
added benefit from ECTR in patients with isoniazid poisoning receiving appropriately dosed
pyridoxine. The quality of the evidence for all reported patient-important outcomes assessing the
potential beneficial effect of ECTR was graded as very low (Table 5). There is, however, evidence of
added harms and costs related to the insertion of a double lumen catheter and the procedure
itself.’®* The potential for these harms varies by local practices, methods of catheter placement, and

type of ECTR used. There is also significant concern for harm from removing pyridoxine with ECTR.

Recommendations
Final Recommendation
In patients severely poisoned with isoniazid, we suggest against performing ECTR in addition to

standard care rather than standard care alone (weak recommendation, very low quality of evidence).
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In the rare circumstance in which standard dose pyridoxine cannot be administered, we suggest
performing ECTR only in patients with seizures refractory to GABA, receptor modulators (weak

recommendation, very low quality of evidence).

Rationale

In the usual scenario in which standard dose pyridoxine can be administered, the workgroup agreed
that the risks and costs associated with ECTR likely surpass potential benefits in isoniazid poisoning
(result of votes: median = 2, upper quartile = 4, disagreement index = 0.33). This was based on the
observation that mortality and sequelae of isoniazid poisoned patients treated with modern standard
care including appropriate dose pyridoxine, without ECTR, are rare. Recurrence of seizures after
appropriate pyridoxine is unusual and would likely respond to supplementary pyridoxine and
additional anticonvulsants with GABA, receptor activity. Coma is expected to improve with pyridoxine
unless caused by a post-ictal condition, anoxic brain injury, or other diagnoses. No clear benefit can
be observed from ECTR. Additionally, the panel recognized the increase in cost and potential harm
from catheter insertion and ECTR itself. The risk of harm from ECTR appears heightened in isoniazid

poisoning due to the removal of pyridoxine by ECTR.

In the rare circumstance in which a standard dose of intravenous or oral pyridoxine cannot be
administered (e.g., mass poisoning or insufficient supplies), but ECTR is available, the workgroup
suggested use of ECTR only in patients with seizures refractory to GABA, receptor modulators
(result of votes: median = 7, lower quartile = 1, disagreement index= 0.79). The additional elimination
of isoniazid by efficient ECTRs appears to outweigh the potential risk for harm from ongoing isoniazid
toxicity when appropriate dose pyridoxine cannot be given, especially if other factors that alter
isoniazid pharmacokinetics are present (e.g., ileus, impaired kidney function). The high mortality and
morbidity reported in historical cohorts not treated with appropriate dose pyridoxine, added with the
incremental addition of clearance from ECTR, support this recommendation, although the risk of
removing pyridoxine was again noted. If appropriate pyridoxine cannot be administered and the
patient is seizing despite administration of other GABA, receptor modulators, the panel preferred the
use of high-efficiency hemodialysis as data suggest it to be efficient, most available, and
comparatively inexpensive.'®* Unavailability of pyridoxine in a patient with ongoing isoniazid-induced

seizures was, for most of the panel, the only indication for ECTR. The use of ECTR for correction of
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metabolic acidosis is not recommended as acidosis is unlikely to occur without seizures and resolves

with seizure termination.4

Serum isoniazid concentrations should not be used as a criterion for ECTR as the concentration-
toxicity response is not well defined and isoniazid assays typically are not available in a time-frame
necessary to influence clinical decisions (only two out of 38 panelists had isoniazid assays with
results available within 6 hours of admission). The panel acknowledged that an undetectable
isoniazid concentration with ongoing seizures or prolonged coma would force reconsideration of the
diagnosis of isoniazid toxicity. Similarly, the panel acknowledged that a patient showing CNS signs
more than 24 hours after ingestion warrants consideration of alternative diagnoses given the short
elimination half-life of isoniazid. If ECTR is performed, and assuming that isoniazid assays are not
available, clinical end points (sustained seizure resolution, improvement in consciousness,
normalization of acid-base status) or availability of pyridoxine seemed appropriate to justify stopping
ECTR. If no improvement is observed after 8 hours of high-efficiency techniques, alternate
diagnoses such as brain injury should be excluded; otherwise, below the lower range of isoniazid
therapeutic concentration (3-5 mg/L) was considered an acceptable objective and no benefit would

be expected by targeting lower concentrations.

Research Gaps

Additional data is needed on outcomes of patients with isoniazid poisoning where pyridoxine
availability is an issue (especially those treated with ECTR). More information on the dialyzability of
pyridoxine is also warranted. Case reports presenting toxicokinetic data should include the patient’s

acetylator status.

Conclusion

This article presents the EXTRIP workgroup’s systematic review and recommendations of ECTR for
isoniazid poisoning. The workgroup suggests against ECTR in addition to standard care and
appropriate dose pyridoxine in isoniazid poisoning. In circumstances where pyridoxine cannot be

administered, the workgroup suggested ECTR in addition to standard care.

References

This article is protected by copyright. All rights reserved



10.

11.

12.

13.

14.

15.

Chiang SS, Roche S, Contreras C, et al. Barriers to the diagnosis of childhood tuberculosis: a
qualitative study. Int J Tuberc Lung Dis 2015;10:1144-52.

Agrawal RL, Dwivedi NC, Agrawal M, Jain S, Agrawal A. Accidental isoniazid poisoning--a
report. Indian J Tuberc 2008;2:94-6.

Bateman DN, Page CB. Antidotes to coumarins, isoniazid, methotrexate and thyroxine, toxins
that work via metabolic processes. Br J Clin Pharmacol 2016;3:437-45.

Winchester JF, Harbord NB. Intoxications amenable to extracorporeal removal. Adv Chronic
Kidney Dis 2011;3:167-71.

WHO. WHO Model Lists of Essential Medicines, Available from
https://www.who.int/medicines/publications/essentialmedicines/en/. Accessed Oct 28th, 2020.
Ellard GA, Gammon PT. Pharmacokinetics of isoniazid metabolism in man. J Pharmacokinet
Biopharm 1976;2:83-113.

Weber WW, Hein DW. Clinical pharmacokinetics of isoniazid. Clin Pharmacokinet
1979;6:401-22.

Kim YG, Shin JG, Shin SG, et al. Decreased acetylation of isoniazid in chronic renal failure.
Clin Pharmacol Ther 1993;6:612-20.

Mereu T, Moretti M. Acute isoniazid poisoning with permanent cerebral damage. Il Lattante
1963;483-503.

Glogner P, Vogt O, Lange H. Dialysis in isoniazid poisoning Dtsch Med Wochenschr
1971;32:1307-09.

Pahl MV, Vaziri ND, Ness R, Nathan R, Maksy M. Association of beta hydroxybutyric acidosis
with isoniazid intoxication. J Toxicol Clin Toxicol 1984;2:167-76.

Siefkin AD, Albertson TE, Corbett MG. Isoniazid overdose: pharmacokinetics and effects of
oral charcoal in treatment. Hum Toxicol 1987;6:497-501.

Orlowski JP, Paganini EP, Pippenger CE. Treatment of a potentially lethal dose isoniazid
ingestion. Ann Emerg Med 1988;1:73-6.

Konigshausen T, Altrogge G, Hein D, Grabensee B, Putter D. Hemodialysis and
hemoperfusion in the treatment of most severe INH-poisoning. Vet Hum Toxicol 1979;12-5.
Schneider E, Jungbluth H, Oppermann F. [Acute isoniazid intoxication. Neurological,
electroencephalographic and toxicologic examination]. Klinische Wochenschrift 1971;16:904-
10.

This article is protected by copyright. All rights reserved



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Buchanan N, van der Walt LA. The binding of antituberculous drugs to normal and
kwashiorkor serum. S Afr Med J 1977;13:522-5.

Alghamdi WA, Al-Shaer MH, Peloquin CA. Protein Binding of First-Line Antituberculosis
Drugs. Antimicrob Agents Chemother 2018;7.

Seng KY, Hee KH, Soon GH, Chew N, Khoo SH, Lee LS. Population pharmacokinetic
analysis of isoniazid, acetylisoniazid, and isonicotinic acid in healthy volunteers. Antimicrob
Agents Chemother 2015;11:6791-9.

Kiser JJ, Zhu R, D'Argenio DZ, et al. Isoniazid pharmacokinetics, pharmacodynamics, and
dosing in South African infants. Ther Drug Monit 2012;4:446-51.

Denti P, Jeremiah K, Chigutsa E, et al. Pharmacokinetics of Isoniazid, Pyrazinamide, and
Ethambutol in Newly Diagnosed Pulmonary TB Patients in Tanzania. PLoS One
2015;10:e0141002.

Gold CH, Buchanan N, Tringham V, Viljoen M, Strickwold B, Moodley GP. Isoniazid
pharmacokinetics in patients in chronic renal failure. Clin Nephrol 1976;2:365-9.

Mattila MJ, Takki S. Half-lives of isoniazid and salicylic acid in serum and their modification by
different drugs in psychiatric patients. Ann Med Exp Biol Fenn 1969;2:124-8.

Jenne JW, Macdonald FM, Mendoza E. A study of the renal clearances, metabolic
inactivation rates, and serum fall-off interaction of isoniazid and paraminosalicylic acid in
man. Am Rev Respir Dis 1961;371-8.

Gurumurthy P, Sarma GR, Jayasankar K, et al. Single-dose pharmacokinetics of isoniazid
and rifampicin in patients with chronic renal failure. Indian J Tuberc 1992;221-8.

Ellard GA. Chemotherapy of tuberculosis for patients with renal impairment. Nephron
1993;2:169-81.

Bowersox DW, Wintebauer RH, Stewart GL, Orme B, Barron E. Isoniazid dosage in patients
with renal failure. N Engl J Med 1973;2:84-7.

Buchanan N, Strickwold B, Shuenyane E. Isoniazid inactivation in Black patients with
tuberculosis. S Afr Med J 1976;12:463-5.

Peloquin CA, Jaresko GS, Yong CL, Keung AC, Bulpitt AE, Jelliffe RW. Population
pharmacokinetic modeling of isoniazid, rifampin, and pyrazinamide. Antimicrob Agents
Chemother 1997;12:2670-9.

Gibson RL, Stone WJ. Isoniazid encephalopathy in a patient with chronic renal failure. Dial
Transplant 1979;3:276-81.

This article is protected by copyright. All rights reserved



30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

Ahn C, Oh KH, Kim K, et al. Effect of peritoneal dialysis on plasma and peritoneal fluid
concentrations of isoniazid, pyrazinamide, and rifampin. Perit Dial Int 2003;4:362-7.

Schulz M, Schmoldt A, Andresen-Streichert H, lwersen-Bergmann S. Revisited: Therapeutic
and toxic blood concentrations of more than 1100 drugs and other xenobiotics. Crit Care
2020;1:195.

Alsultan A, Peloquin CA. Therapeutic drug monitoring in the treatment of tuberculosis: an
update. Drugs 2014;8:839-54.

Peloquin CA. Therapeutic drug monitoring in the treatment of tuberculosis. Drugs
2002;15:2169-83.

Biehl JP, Vilter RW. Effects of isoniazid on pyridoxine metabolism. J Am Med Assoc
1954;17:1549-52.

Wood JD, Peesker SJ. The effect on GABA metabolism in brain of isonicotinic acid hydrazide
and pyridoxine as a fuction of time after administration. J Neurochem 1972;6:1527-37.

Brown CV. Acute isoniazid poisoning. Am Rev Resp Dis 1972;2:206-16.

Sievers ML, Herrier RN. Treatment of acute isoniazid toxicity. Am J Hosp Pharm 1975;2:202-
6.

Panganiban LR, Makalinao IR, Corte-Maramba NP. Rhabdomyolysis in isoniazid poisoning. J
Toxicol Clin Toxicol 2001;2:143-51.

Glatstein M, Carbell G, Scolnik D, Rimon A, Baneriji S, Hoyte C. Pyridoxine for the treatment
of isoniazid-induced seizures in intentional ingestions: The experience of a national poison
center. Am J Emerg Med 2018;10:1775-78.

Terman DS, Teitelbaum DT. Isoniazid self-poisoning. Neurology 1970;299-304.

Chin L, Sievers ML, Herrier RN, Picchioni AL. Convulsions as the etiology of lactic acidosis in
acute isoniazid toxicity in dogs. Toxicol Appl Pharmacol 1979;2:377-84.

Ramos LIA, Caluag JB, Belleza RB. Isoniazid poisoning revisited. A comparative analysis of
the management of Isoniazid toxicity in 2 tertiary hospitals. Philipp J Intern Med 1994;5:213-
21.

Sullivan EA, Geoffroy P, Weisman R, Hoffman R, Frieden TR. Isoniazid poisonings in New
York City. J Emerg Med 1998;1:57-9.

Reilly RH, Killam KF, Jenney EH, et al. Convulsant effects of isoniazid. J Am Med Assoc
1953;14:1317-21.

This article is protected by copyright. All rights reserved



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

Nelson LG. Grand mal seizures following overdose of isoniazid: a report of four cases. Am
Rev Resp Dis 1965;600-04.

Jeannerod M, Motin J, Saury A. [Clinical aspects of acute poisoning by INH. Apropos of 3
cases]. Lyon Med 1965;27:13-6.

Shah BR, Santucci K, Sinert R, Steiner P. Acute isoniazid neurotoxicity in an urban hospital.
Pediatrics 1995;5:700-4.

Wason S, Lacouture PG, Lovejoy FH, Jr. Single high-dose pyridoxine treatment for isoniazid
overdose. JAMA 1981;10:1102-4.

Yarbrough BE, Wood JP. Isoniazid overdose treated with high-dose pyridoxine. Ann Emerg
Med 1983;5:303-5.

Wood JD, Peesker SJ. A correlation between changes in GABA metabolism and isonicotinic
acid hydrazide-induced seizures. Brain Res 1972;2:489-98.

Chin L, Sievers ML, Herrier RN, Picchioni AL. Potentiation of pyridoxine by depressants and
anticonvulsants in the treatment of acute isoniazid intoxication in dogs. Toxicol Appl
Pharmacol 1981;3:504-9.

Chin L, Sievers ML, Laird HE, Herrier RN, Picchioni AL. Evaluation of diazepam and
pyridoxine as antidotes to isoniazid intoxication in rats and dogs. Toxicol Appl Pharmacol
1978;3:713-22.

Albin RL, Albers JW, Greenberg HS, et al. Acute sensory neuropathy-neuronopathy from
pyridoxine overdose. Neurology 1987;11:1729-32.

Kruger-Thiemer E. [Acute isoniazid poisoning]. Arztl Wochensch 1958;1:17-9.

Iwainsky H, Wiezorek WD. [Acute isoniazid poisoning. Points of onset in the macro-organism,
symptoms and measures of treatment]. Beitr Klin Erforsch Tuberk Lungenkr 1965;5:315-30.
Whitefield CL. Isoniazid overdose: report of 40 patients with a critical analysis of treatment
and suggestions for prevention. Am Rev Resp Dis 1971;887.

Lewkowski W, Maciejek Z. [Acute poisoning with isonicotinic acid hydrazide]. Gruzlica
1973;3:273-8.

Burda AM, Sigg T, Haque D, Bardsley CH. Inadequate pyridoxine stock and its effect on
patient outcome. Am J Ther 2007;3:262-4.

Aloise M, Petrolini VM, Cortini E, et al. Pyridoxine is still useful in isoniazid poisoning? Clin
Toxicol (Phila) 2014;302.

This article is protected by copyright. All rights reserved



60. Gummin DD, Mowry JB, Spyker DA, et al. 2018 Annual Report of the American Association
of Poison Control Centers' National Poison Data System (NPDS): 36th Annual Report. Clin
Toxicol (Phila) 2019;12:1220-413.

61. Gummin DD, Mowry JB, Spyker DA, Brooks DE, Osterthaler KM, Banner W. 2017 Annual
Report of the American Association of Poison Control Centers' National Poison Data System
(NPDS): 35th Annual Report. Clin Toxicol (Phila) 2018;1-203.

62. Gummin DD, Mowry JB, Spyker DA, Brooks DE, Fraser MO, Banner W. 2016 Annual Report
of the American Association of Poison Control Centers' National Poison Data System
(NPDS): 34th Annual Report. Clin Toxicol (Phila) 2017;10:1072-252.

63. Mowry JB, Spyker DA, Brooks DE, Zimmerman A, Schauben JL. 2015 Annual Report of the
American Association of Poison Control Centers' National Poison Data System (NPDS): 33rd
Annual Report. Clin Toxicol (Phila) 2016;10:924-11009.

64. Dilrukshi M, Ratnayake CAP, Gnanathasan CA. Oral pyridoxine can substitute for
intravenous pyridoxine in managing patients with severe poisoning with isoniazid and
rifampicin fixed dose combination tablets: a case report. BMC Res Notes 2017;1:370.

65. Morrow LE, Wear RE, Schuller D, Malesker M. Acute isoniazid toxicity and the need for
adequate pyridoxine supplies. Pharmacotherapy 2006;10:1529-32.

66. Santucci KA, Shah BR, Linakis JG. Acute isoniazid exposures and antidote availability.
Pediatr Emerg Care 1999;2:99-101.

67. Scharman EJ, Rosencrane JG. Isoniazid toxicity: a survey of pyridoxine availability. Am J
Emerg Med 1994;3:386-8.

68. DSC. Reports for pyridoxine hydrochloride injection, USP, Available from
https://www.drugshortagescanada.ca/drug/11776 Accessed Oct 17th 2020,

69. ASHP. Pyridoxine Hydrochloride Injection, Available from https://www.ashp.org/Drug-
Shortages/Current-Shortages/Drug-Shortage-
Detail.aspx?id=450&loginreturnUrI=SSOCheckOnly. Accessed Oct 12th 2020,

70. Hira HS, Ajmani A, Jain SK, Bisaria VS, Prakash SK, Kulpati DD. Acute isoniazid poisoning.
Role of single high oral dose of pyridoxine. Journal of the Association of Physicians of India
1987;11:792-3.

71. Senthilkumaran S, David SS, Menezes RG, Thirumalaikolundusubramanian P. Need for

parenteral pyridoxine: A clarion call. Indian journal of nephrology 2013;4:324-25.

This article is protected by copyright. All rights reserved



72. Roberts DM, Buckley NA. Pharmacokinetic considerations in clinical toxicology: clinical
applications. Clin Pharmacokinet 2007;11:897-939.

73. Ghannoum M, Nolin TD, Lavergne V, Hoffman RS. Blood purification in toxicology:
nephrology's ugly duckling. Adv Chronic Kidney Dis 2011;3:160-66.

74. Ghannoum M, Nolin TD, Goldfarb DS, et al. Extracorporeal treatment for thallium poisoning:
recommendations from the EXTRIP Workgroup. Clin J Am Soc Nephrol 2012;10:1682-90.

75. Lavergne V, Nolin TD, Hoffman RS, et al. The EXTRIP (Extracorporeal Treatments In
Poisoning) workgroup: Guideline methodology. Clin Toxicol (Phila) 2012;403-13.

76. Ghannoum M, Yates C, Galvao TF, et al. Extracorporeal treatment for carbamazepine
poisoning: Systematic review and recommendations from the EXTRIP workgroup. Clin
Toxicol (Phila) 2014;10:993-1004.

77. Gosselin S, Juurlink DN, Kielstein JT, et al. Extracorporeal treatment for acetaminophen
poisoning: recommendations from the EXTRIP workgroup. Clin Toxicol (Phila) 2014;8:856-
67.

78. Lavergne V, Ouellet G, Bouchard J, et al. Guidelines for reporting case studies on
extracorporeal treatments in poisonings: methodology. Semin Dial 2014;4:407-14.

79. Mactier R, Laliberte M, Mardini J, et al. Extracorporeal treatment for barbiturate poisoning:
recommendations from the EXTRIP Workgroup. Am J Kidney Dis 2014;3:347-58.

80. Yates C, Galvao T, Sowinski KM, et al. Extracorporeal treatment for tricyclic antidepressant
poisoning: recommendations from the EXTRIP Workgroup. Semin Dial 2014;4:381-9.

81. Calello DP, Liu KD, Wiegand TJ, et al. Extracorporeal Treatment for Metformin Poisoning:
Systematic Review and Recommendations From the Extracorporeal Treatments in Poisoning
Workgroup. Crit Care Med 2015;8:1716-30.

82. Decker BS, Goldfarb DS, Dargan PI, et al. Extracorporeal Treatment for Lithium Poisoning:
Systematic Review and Recommendations from the EXTRIP Workgroup. Clin J Am Soc
Nephrol 2015;5:875-87.

83. Ghannoum M, Laliberte M, Nolin TD, et al. Extracorporeal treatment for valproic acid
poisoning: Systematic review and recommendations from the EXTRIP workgroup. Clin
Toxicol (Phila) 2015;5:454-65.

84. Ghannoum M, Wiegand TJ, Liu KD, et al. Extracorporeal treatment for theophylline poisoning:
systematic review and recommendations from the EXTRIP workgroup. Clin Toxicol (Phila)
2015;4:215-29.

This article is protected by copyright. All rights reserved



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Juurlink DN, Gosselin S, Kielstein JT, et al. Extracorporeal Treatment for Salicylate
Poisoning: Systematic Review and Recommendations From the EXTRIP Workgroup. Ann
Emerg Med 2015;2:165-81.

Roberts DM, Yates C, Megarbane B, et al. Recommendations for the role of extracorporeal
treatments in the management of acute methanol poisoning: a systematic review and
consensus statement. Crit Care Med 2015;2:461-72.

Anseeuw K, Mowry JB, Burdmann EA, et al. Extracorporeal Treatment in Phenytoin
Poisoning: Systematic Review and Recommendations from the EXTRIP (Extracorporeal
Treatments in Poisoning) Workgroup. Am J Kidney Dis 2016;2:187-97.

Mowry JB, Burdmann EA, Anseeuw K, et al. Extracorporeal treatment for digoxin poisoning:
systematic review and recommendations from the EXTRIP Workgroup. Clin Toxicol (Phila)
2016;2:103-14.

Berling |, King JD, Shepherd G, et al. Extracorporeal Treatment for Chloroquine,
Hydroxychloroquine, and Quinine Poisoning: Systematic Review and Recommendations from
the EXTRIP Workgroup. J Am Soc Nephrol 2020;10:2475-89.

Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ 2008;7650:924-6.

Schunemann HJ, Oxman AG. Handbook for grading the quality of evidence and the strength
of recommendations using the GRADE approach, Available from
https://gdt.gradepro.org/app/handbook/handbook.html. Accessed March 13, 2020.

Gross A, Hesse JY, Hauser D, Dailloux M. Isoniazid, renal failure and hemodialysis.
Experimental study. [French]. J Urol Nephrol (Paris) 1976;12:963-73.

Klehr HU, Bley T, Platzbecker S, Schwickart R. Influence of charcoal hemoperfusion on the
elimination of diphenylhydantoin, phenobarbital and isoniazid in experimental drug poisoning.
Artif Organs 1979;303.

Goodwin N, Thomson G, Friedman EA. Antituberculous therapy during maintenance
hemodialysis. Proc Am Soc Nephrol 1967;25.

Ogg CS, Toseland PA, Cameron JS. Pulmonary tuberculosis in patient on intermittent
haemodialysis. BMJ 1968;5600:283-4.

Malone RS, Fish DN, Spiegel DM, Childs JM, Peloquin CA. The effect of hemodialysis on
isoniazid, rifampin, pyrazinamide, and ethambutol. Am J Respir Crit Care Med 1999;5 Pt
1:1580-4.

This article is protected by copyright. All rights reserved



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Saiki M, Honda T, Sogami Y, Fukasawa K, Miyashita Y, Sano K. Drunkenness caused by
isoniazid in a tuberculosis patient with extrapulmonary lesions on hemodialysis: a case report.
Kekkaku : [Tuberculosis] 2013;10:703-8.

Fan L, Zhang Y, Yang X, Bai D, Yao J, Yi L. [The effect of renal replacement therapy on the
plasma concentration of antituberculosis drugs]. Zhonghua jie he he hu xi za zhi = Zhonghua
jiehe he huxi zazhi = Chinese journal of tuberculosis and respiratory diseases 2015;5:375-8.
Katz BE, Carver MW. Acute poisoning with isoniazid treated by exchange transfusion.
Pediatrics 1956;1:72-6.

Cocco AE, Pazourek LJ. Acute Isoniazid Intoxication - Management by Peritoneal Dialysis. N
Engl J Med 1963;16:852-3.

Jorgensen HE, Wieth JO. Dialysable poisons. Haemodialysis in the tratment of acute
poisoning. Lancet 1963;7272:81-4.

Hagstam KE, Lindholm T. Treatment of exogenous poisoning with special regard to the need
for artificial kidney in severe complicated cases. Acta Med Scand 1964;507-14.

Sitprija V, Holmes JH. Isoniazid Intoxication. Am Rev Respir Dis 1964;248-54.

Duerr F, Missmahl HP. [Extracorporeal Hemodialysis in Acute Isoniazid Poisoning.
Contribution to the Studies on the Dialysability of Isoniazid.]. Dtsch Med Wochenschr
1965;1174-6.

Kelso T, Toll HW, Jr., Pinkerton DC, Kier LC. Death due to intentional overdosage of
isoniazid. A case report. J Forensic Sci 1965;3:313-8.

Friedman SA. Death following massive ingestion of isoniazid. Am Rev Respir Dis 1969;6:859-
62.

Wattel F, Gosselin B, Chopin C, Durocher A. Letter: Massive intoxication by isoniazid.
Treatment by peritoneal dialysis. Nouv Presse Med 1975;15:1134-5.

Larcan A, Royer R, Lambert H. Severe isoniazid poisoning. Value of peritoneal dialysis.
[French]. Ann Med Nancy 1976;3:421-24.

Schwarzbeck A, Koesters W, Twittenhoff WD. On the use of hemodialysis in acute INH
intoxication. [German]. Intensivmedizin 1976;3:210-14.

Walther JU. [Acute isoniazid poisoning in a young child (author's transl)]. Monatsschr
Kinderheilkd 1981;7:418-9.

Wood ER. Isoniazid toxicity. Pyridoxine controlled seizures in a dialysis patient. J Kans Med
Soc 1981;551-52.

This article is protected by copyright. All rights reserved



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Ducobu J, Dupont P, Laurent M, Bruart J. Acute isoniazid/ethambutol/rifampicin overdosage.
Lancet 1982;8272:632.

Krakamp B, Aboudan F, Heesen D. [Haemoperfusion in the treatment of acute isoniazid
poisoning (author's transl)]. Prax Klin Pneumol 1982;1:14-6.

Spalding CT, Buss WC. Toxic overdose of isoniazid, rifampicin and ethambutol. Eur J Clin
Pharmacol 1986;3:381-2.

Kumar L, Singhi PD, Pereira BJ, Singh U, Sakhuja V, Chugh KS. Accidental poisoning with
isoniazid and rifampicin in an infant: role of peritoneal dialysis. Nephrol Dial Transplant
1989;2:156-7.

Leibowitz H, Krevolin L, Schwartz A. Hemoperfusion treatment of massive isoniazid
overdose. Del Med J 1989;2:71-3.

Cash JM, Zawada ET, Jr. Isoniazid overdose. Successful treatment with pyridoxine and
hemodialysis. West J Med 1991;6:644-6.

Temmerman W, Dhondt A, Vandewoude K. Acute isoniazid intoxication: seizures, acidosis
and coma. Acta Clin Belg 1999;4:211-6.

Tai WP, Yue H, Hu PJ. Coma caused by isoniazid poisoning in a patient treated with
pyridoxine and hemodialysis. Adv Ther 2008;10:1085-8.

Delibas A, Arslankoylu AE, Kursel O, Okuyaz C. Acute isoniazid poisoning in a child treated
with hemodialysis. Pak J Med Sci 2011;3:702-04.

Skinner K, Saiao A, Mostafa A, et al. Isoniazid poisoning: Pharmacokinetics and effect of
hemodialysis in a massive ingestion. Hemodial Int 2015;4:E37-E40.

Agarwal A, Bansal R, Sharma S, Meena M, Airun M. Near fatal poisoning by isoniazid and
rifampicina case report and review of literature. Indian Journal of Forensic Medicine and
Toxicology 2016;1:147-50.

Satyaki, Ayan, Suijit, et al. Reversible isoniazid (INH) induced neurotoxicity in end stage renal
disease (ESRD). Indian journal of nephrology 2016;S95-S96.

Alvarez FG, Guntupalli KK. Isoniazid overdose: four case reports and review of the literature.
Intensive Care Med 1995;8:641-4.

Barbera A, Borja H, Barbera L, Masoli P. [Acute isoniazid poisoning]. Rev Clin Esp (Barc)
1976;2:163-70.

Blanchard PD, Yao JD, McAlpine DE, Hurt RD. Isoniazid overdose in the Cambodian
population of Olmsted County, Minnesota. J Am Med Assoc 1986;22:3131-3.

This article is protected by copyright. All rights reserved



127.
128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Bork F. [Treatment of acute isoniazid poisoning]. Dtsch Gesundheitsw 1966;4:185-90.
Brent J, Vo N, Kulig K, Rumack BH. Reversal of prolonged isoniazid-induced coma by
pyridoxine. Arch Intern Med 1990;8:1751-3.

Cameron WM. Isoniazid overdose. CMAJ 1978;11:1413-5.

Coyer JR, Nicholson DP. Isoniazid-induced convulsions. South Med J 1976;3:294-7.
Langauer-Lewowicka H, Kujawska A. Cerebral bioelectric activity disturbances in acute
poisoning with hydrazide. [Polish]. Neurol Neurochir Pol 1978;4:451-56.

Laskowska D, Wierzbicka |, Wawrzynkiewicz T. [Status epilepticus curing acute isoniazid
poisoning; 3 case reports]. Neurol Neurochir Psychiatr Pol 1958;1:41-6.

Lemercier JP, Dordain M, Langlois. [Acute Intoxication by Isoniazid]. Rev Tuberc Pneumol
(Paris) 1963;1137-44.

Lopez-Sambias AM, Tsiligiannis T. Isoniazid intoxication in three adolescent patients. Hosp
Pharm 1991;119-22.

Miller J, Robinson A, Percy AK. Acute isoniazid poisoning in childhood. Am J Dis Child
1980;3:290-2.

Nolan CM, Elarth AM, Barr HW. Intentional isoniazid overdosage in young Southeast Asian
refugee women. Chest 1988;4:803-6.

Stead DF, Mason CR. Three cases of intentional isoniazid overdose - a life-threatening
condition. S Afr Med J 2016;9:891-92.

Tumay SB, Bilger M, Hatemi N. [5 cases of isoniazid intoxication in children]. Pediatrie
(Bucur) 1962;5-10.

Wiernikowski A, Sorytkiewicz-Nowakowska B, Groszek B. [Isonicotinic acid hydrazide
poisoning in the records of the Department of Toxicology in Cracow]. Pol Tyg Lek
1977;25:957-60.

Zempleni J, Kiibler W. The utilization of intravenously infused pyridoxine in humans. Clin
Chim Acta 1994;27-36.

Kasama R, Koch T, Canals-Navas C, Pitone JM. Vitamin B6 and hemodialysis: the impact of
high-flux/high-efficiency dialysis and review of the literature. Am J Kidney Dis 1996;5:680-6.
Mydlik M, Derzsiova K, Svac J, Dlhopolcek P, Zemberova E. Peritoneal clearance and
peritoneal transfer of oxalic acid, vitamin C, and vitamin B6 during continuous ambulatory
peritoneal dialysis. Artif Organs 1998;9:784-8.

This article is protected by copyright. All rights reserved



143.

144.

145.

146.
147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Yerdelen D, Tan M. Ototoxicity probably due to isoniazid in a patient undergoing
hemodialysis. J Neurol Sci Turk 2008;1:51-54.

Gonzalez-Gay MA, Sanchez-Andrade A, Aguero JJ, Alonso MD, Rodriguez E, Criado JR.
Optic neuritis following treatment with isoniazid in a hemodialyzed patient. Nephron
1993;3:360.

Kocabay G, Erelel M, Tutkun IT, Ecder T. Optic neuritis and bitemporal hemianopsia
associated with isoniazid treatment in end-stage renal failure. The international journal of
tuberculosis and lung disease : the official journal of the International Union against
Tuberculosis and Lung Disease 2006;12:1418-9.

Blumberg EA, Gil RA. Cerebellar syndrome caused by isoniazid. DICP 1990;9:829-31.

Asnis DS, Bhat JG, Melchert AF. Reversible seizures and mental status changes in a dialysis
patient on isoniazid preventive therapy. Ann Pharmacother 1993;4:444-46.

Cheung WC, Lo CY, Lo WK, Ip M, Cheng IKP. Isoniazid induced encephalopathy in dialysis
patients. Tuber Lung Dis 1993;2:136-39.

Wang HY, Chien CC, Chen YM, Huang CC. Encephalopathy caused by isoniazid in a patient
with end stage renal disease with extrapulmonary tuberculosis. Ren Fail 2003;1:135-8.
Bhowmik D, Mahapatra HS, Mahajan S, Tiwari SC. Isoniazid induced acute bilateral
cerebellar syndrome in chronic kidney disease. Clin Nephrol 2007;1:63-4.

Abbas MT, Khan FY, Sulimon S, Baidaa A. Encephalopathy secondary to isoniazid in
patients on hemodialysis. Indian journal of nephrology 2013;1:54-56.

Jasti DB, Vengamma B, Sivakumar, Devi BV. Rare case of isoniazid toxicity. Ann Indian Acad
Neurol 2014;S227.

Chaitanya V, Sangeetha B, Reddy MHK, Venkata Kumar AC, Ram R, Sivakumar V. Isoniazid
cerebellitis in a peritoneal dialysis patient. Nephrology 2016;5:442.

Pathania D, Phanish M, Vishal J, Kher V. Ataxia in a chronic kidney disease patient on anti-
tubercular therapy. Indian journal of nephrology 2016;1:52-54.

Constantinescu SM, Buysschaert B, Haufroid V, Broly F, Jadoul M, Morelle J. Chronic
dialysis, NAT2 polymorphisms, and the risk of isoniazid-induced encephalopathy - case
report and literature review. BMC Nephrol 2017;1:282.

Si M, Li H, Chen Y, Peng H. Ethambutol and isoniazid induced severe neurotoxicity in a
patient undergoing continuous ambulatory peritoneal dialysis. BMJ Case Rep 2018 May
18;223187:bcr2017223187.

This article is protected by copyright. All rights reserved



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Low JM, Wong KW. Isoniazid-induced encephalopathy in an end-stage renal disease patient
- A case report and literature review. Med J Malaysia 2019;6:553-54.

Quantrill SJ, Woodhead MA, Bell CE, Hardy CC, Hutchison AJ, Gokal R. Side-effects of
antituberculosis drug treatment in patients with chronic renal failure. The European
respiratory journal : official journal of the European Society for Clinical Respiratory Physiology
2002;2:440-43.

Siskind MS, Thienemann D, Kirlin L. Isoniazid-induced neurotoxicity in chronic dialysis
patients: report of three cases and a review of the literature. Nephron 1993;2:303-6.

Tan M, Alkan O, Karaca S, Karakurum B, Demiroglu Y. Cerebellitis due to antituberculosis
therapy in a patient with chronic renal failure. Firat Tip Dergisi 2009;4:290-2.

Andriotis A, Ahmed N, Kazeros A. A case of a rare isoniazid related neurotoxicity. American
Thoracic Society International Conference 2017. "Conference Proceedings"

Teehan BP, Smith LJ, Sigler MH, Gilgore GS, Schleifer CR. Plasma pyridoxal-5'-phosphate
levels and clinical correlations in chronic hemodialysis patients. Am J Clin Nutr 1978;10:1932-
6.

Lacour B, Parry C, Drueke T, et al. Pyridoxal 5'-phosphate deficiency in uremic undialyzed,
hemodialyzed, and non-uremic kidney transplant patients. Clin Chim Acta 1983;2:205-15.
Bouchard J, Lavergne V, Roberts DM, Cormier M, Morissette G, Ghannoum M. Availability
and cost of extracorporeal treatments for poisonings and other emergency indications: a
worldwide survey. Nephrol Dial Transplant 2017;4:699-706.

Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound guidance versus
anatomical landmarks for subclavian or femoral vein catheterization. Cochrane Database
Syst Rev 2015;CD011447.

Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound guidance versus
anatomical landmarks for internal jugular vein catheterization. Cochrane Database Syst Rev
2015;CD006962.

Parienti JJ, Mongardon N, Megarbane B, et al. Intravascular Complications of Central Venous
Catheterization by Insertion Site. N Engl J Med 2015;13:1220-9.

Shin HJ, Na HS, Koh WU, et al. Complications in internal jugular vs subclavian ultrasound-
guided central venous catheterization: a comparative randomized trial. Intensive Care Med
2019;7:968-76.

This article is protected by copyright. All rights reserved



169. Bjorkander M, Bentzer P, Schott U, Broman ME, Kander T. Mechanical complications of
central venous catheter insertions: A retrospective multicenter study of incidence and risks.
Acta Anaesthesiol Scand 2019;1:61-68.

170. Wong B, Zimmerman D, Reintjes F, et al. Procedure-related serious adverse events among
home hemodialysis patients: a quality assurance perspective. Am J Kidney Dis 2014;2:251-8.

171. Tennankore KK, d'Gama C, Faratro R, Fung S, Wong E, Chan CT. Adverse technical events
in home hemodialysis. Am J Kidney Dis 2015;1:116-21.

172. Mokrzycki MH, Kaplan AA. Therapeutic plasma exchange: complications and management.
Am J Kidney Dis 1994;6:817-27.

173. Sutton DM, Nair RC, Rock G. Complications of plasma exchange. Transfusion 1989;2:124-7.

174. Yang X, Xin S, Zhang Y, Li T. Early hemoperfusion for emergency treatment of
carbamazepine poisoning. Am J Emerg Med 2018;6:926-30.

175. Shannon MW. Comparative efficacy of hemodialysis and hemoperfusion in severe
theophylline intoxication. Acad Emerg Med 1997;7.674-8.

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the

literature search.

This article is protected by copyright. All rights reserved



TABLE 1. Physicochemical and pharmacokinetic properties of isoniazid

Characteristic References
Molecular weight 137 g/mol
Protein binding 0-15% 16, 17
Volume of Adults (including CKD) 0.6-0.8 L/kg 8, 18-21
distribution Children 0.8-1.2 L/kg
Fractional oral bioavailability 100% 18
Half-life Rapid acetylator 1.1-1.8h 8, 18, 19, 21-29
Slow acetylator 2.8-4.0h
CKD and ESKD 1.5-3.0 h (rapid acetylator)
3.5-6.5 h (slow acetylator)
Total body Rapid acetylator 350-600 mL/min 8, 18-20, 30
clearance Slow acetylator 130-260 mL/min
CKD and ESKD 100-300 mL/min
Renal clearance (normal kidney function) 40-50 mL/min 6, 8, 23, 31
Serum therapeutic range 3-6 mg/L (300 mg daily) 32,33
9-18 mg/L (900 mg 3x
weekly)
CKD: Chronic kidney disease, ESKD: End stage kidney disease
Table 2: Isoniazid half-life and clearance data during ECTR
ECTR [Ty, (hours) Clearance (mL/min) References
During ECTR Endogenous |ECTR Endogenous
Value [Range |[n Value |Range n
CKRT [4.1 1 No data 121
ET 3.9 3.8-4.0 2 No data 130-600 9, 99
HD 27 |1.145 [as |17-40 717 [29.2-110 [3 11-14, 21, 29, 94-
96, 98, 101, 103,
109, 117

This article is protected by copyright. All rights reserved




HP 1.2 0.8-1.8 3 148.5 [143-154

N

14,113, 116

PD 7.7 3.5-16.6 [16 5.3 1.5-11.1 |5 10, 30, 36, 40, 100,
105, 107, 108, 115

ECTR: Extracorporeal treatment, CKRT: Continuous kidney replacement therapy, ET: Exchange transfusion; HD: Hemodialysis, HP:

Hemoperfusion, PD: Peritoneal dialysis; T4,: Elimination half-life
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TABLE 3: Dialyzability of isoniazid

NUMBER OF PATIENTS SATISFYING A

CRITERION FOR DIALYZABILITY FINAL GRADING AND QUALITY
PKI/TK grading IMPAIRED KIDNEY NORMAL KIDNEY |OF THE EVIDENCE
FUNCTION (Mostly ESKD) [FUNCTION
HD PD HD |HP [PD [ET [IMPAIRED KIDNEY FUNCTION:
Dialyzable 19 1 1 HD: Dialyzable, A
PD: Not Dialyzable, A
Moderately dialyzable |7** 2 1|2
Slightly dialyzable 3 > 3 NORMAL KIDNEY FUNCTION*
HD: Moderately Dialyzable, C
Not dialyzable 9 HP: Dialyzable, D

ET: Moderately dialyzable, D
PD: Slightly Dialyzable, C

*One study performed modeling for CKRT removal of isoniazid 2 which suggests that CVVHD would provide 4 times the endogenous
clearance of isoniazid, but that appears improbable considering a conservative estimate of isoniazid’s endogenous clearance equal to 100
mL/min and a maximal CVVHD clearance of 100 mL/min.

** Includes 1 pharmacokinetic study where hemodialysis was given 2.2h after administration of an oral isoniazid dose

PK: Pharmacokinetics TK: Toxicokinetics, HD: Hemodialysis, HP: Hemoperfusion, PD: Peritoneal dialysis, ET: Exchange transfusion,

ESKD: End-stage kidney disease, CKRT: Continuous kidney replacement therapy, CVVHD: Continuous veno-venous hemodialysis
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TABLE 4: Clinical summary of patients severely poisoned with isoniazid identified from

systematic reviews

Parameters ECTR Cases Standard Care Case Series
34 articles, N=40 26 articles, N=192
Patient Age (years) 20 [16,29.5], range 0.9-59 20 [15,27], range 1.5-67
characteristic |Male (%) 53.7% 31.3%
s
Poisoning Isoniazid ingestion (g) 10.3 [56-21.3], range 0.9-50 6.0 [3,10] range 0.3-27
info Isoniazid ingestion (mg/kg) 183 [117,197], range 82-469 109 [76,200], range 14.3-417
Peak isoniazid concentration (mg/L) 68 [30.5,144], range 13.3-15001 |7 [34.2,125.5], range 0.5-600
Intentional ingestions with coingestants |37% 9.5%
(%)
Delay between exposure and admission |2.0[1.3,4.0], range 0.3-36 2.0[1.0,3.0], range 0.5-24
(h)
Onset between ingestion and symptoms |2.0 [1.0,3.3], range 0.5-6.5 1.5[1.0,2.8], range 0.25-48
(h)
Symptoms/ |[Coma (%) 88.6% 33.3%
Signs / Labs [Seizure (any, %) 97.2% 65.1%
Onset = 2.0h [1.1, 2.8], range Onset = 1.5h [1.0,2.6], range 0.25-
0.5-6.5 24
Seizures (multiple, %) 97.2% 53.1%
Onset = 2.0h, [1.1,2.8], range Onset =1.5h [1.0,2.1], range 0.25-
0.5-6.5 24
Seizures (single, %) 0% 12.0%
Onset = 3.0h [2.0-4.0], range 0.5-
6.0
Acute kidney injury (%) 23.3% 1.5%
Vomiting (%) 78.6% 49.2%
Metabolic acidosis (%) 93.3% 37.5%
Lowest serum bicarbonate (mEgq/L) 12 [8,18], range 5-20 13.0 [8.8,18.0], range 6.0-26.0
Highest serum lactate (mEq/L) 4.2[3,11.8 ], range 1-39.2 15.3[9.5,16.0], range 3.7-16.6
Lowest serum pH 7.18 [6.88,7.30], range 6.63-7.42 (7.10 [6.99,7.14], range 6.71-7.38
Highest serum glucose (mg/dL) 126 [108,218], range 81-396 220 [169,286], range 86-465
Highest white blood cell count (x10°/L) 18.5[15.2,22], range 10-39 16.7 [11.8,21.6], range 9.2-30
Treatments |Gastric lavage (%) 57.1% 14.6%
Activated charcoal (%) 20.7% 8.9%
IV Bicarbonate (%) 48.0% 20.3%
Benzodiazepines (%) 61.8% 17.2%
Phenytoin (%) 32.1% 8.3%
Barbiturate (%) 53.6% 10.9%
Mechanical ventilation (%) 64.3% 0.5%
Pyridoxine (%) 89.7% 65.6%
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Pyridoxine dose (g)

2.5,[0.6,11.0], range 0.1-22

4.0 [0.9-6.0], range 0.01-25

Patients receiving at least 1g:1g
pyridoxine dose or 5¢g if ingestion

unknown (%)

41.7%

37.8%

ECTR Time from admission to ECTR initiation |4.0, [2.5,15.0], range 0.8-72 NOT APPLICABLE
(hours)
Hemodialysis (%) 50%
Charcoal hemoperfusion (%) 7.5%
Continuous kidney replacement therapy |2.5%
(%)
Peritoneal dialysis (%) 30%
Exchange transfusion (%) 5%
More than 1 ECTR (%) 5%
Outcome Length of stay (days) 6 [3,9], range 0.8-121 4.5[2.0,6.8], range 1-72

ICU stay (days)

3.5[2.5,4.3], range 1-5

6.0 [4.0,8.0], range 2-10

Death (%)

5/40 = 12.5%

21/192 = 10.9%%

Recurrence of seizure after initiation of

treatment (%)

5/33 = 15.2% (after ECTR

initiated)

0/32 = 0% (after standard dose

pyridoxine)

Permanent sequelae (%)

2127 =7.4%

6/192 = 3.1%

Value presented as medians and quartiles, unless otherwise indicated.

1 The reported serum concentration in 1 case was clearly incorrect. It is suspected that the units should have been mg/dL (15.3 mg/dL or

153 mg/L) instead of 15.3 mg/mL.""8 This was corrected.
TAIll but two deaths were reported before 1987.

Abbreviations: ECTR= extracorporeal treatment,
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TABLE 5: ECTR and standard care compared to standard care in patients severely poisoned with isoniazid (Evidence profile table)

Quality assessment Summary of findings Importance
Study design |Risk of |Inconsistency [Indirectness |[Imprecision |[Other ECTR Standard care Effect Quality
(number of bias considerations [+ standard
studies) care
Mortality*
Observational ery Not serious SeriousT Serious” Publication bias  [5/40 = 12.5% [MODERN COHORTS  [Groups not OO0 CRITICAL
studies (N=10)* |serious$ trongly 5/47 = 10.6% 42 comparable ERY LOW
uspected' 0/33 = 0% 43

/49 = 4.1% 38

0/16 = 0% %

0/20 = 0% %8

0/21 = 0% %°

0/135 = 0% 60-63

MODERN CASE

ISERIES (No pyridoxine)

0/8 = 0% 2

ISYSTEMATIC REVIEW -

ICASE SERIES

21/192 = 10.9%
Permanent sequelae
Observational [Very Not serious SeriousT Serious* Publication bias [2/27 =7.4% |[SYSTEMATIC REVIEW -|Groups not OO0 CRITICAL
studies (N=2) 11 [serious$ trongly ICASE SERIES comparable \VERY LOW

uspected' 3.1%

Recurrence of seizures after initiation of treatment
Observational ery Not serious SeriousT Serious* Publication bias  |5/33 = 15.2% |COHORTS receiving  [Groups not OO0 CRITICAL
studies (N=4)+ Iserious§ trongly once ECTR tandard pyridoxine comparable
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suspected! ktarted %% 32 VERY LOW
0% 58
SYSTEMATIC REVIEW -
ICASE SERIES
0%
Length of hospital stay
Observational ery Not serious SeriousT Serious” LPuincation bias [Median = 6.0d[COHORTS receiving Groups not DOOO IMPORTANT
studies (N=5)§ |serious$ trongly pyridoxine comparable ERY LOW
suspected" Mean = 1.9d 3°
Mean = 3.3d 43
Mean = 3.3d 42
SYSTEMATIC REVIEW -
ICASE SERIES
Median = 4.5d
Length of ICU stay
Observational [Very Not serious SeriousT Serious* Publication bias  |Median = 3.5d|COHORTS receiving  |Groups not 000 IMPORTANT
studies (N=3)" [seriousP trongly pyridoxine comparable VERY LOW
uspected' Mean = 1.4d 42
SYSTEMATIC REVIEW -
ICASE SERIES
Median = 6.0d
Serious complications of catheter insertion**
Observational [Not Not serious™  [Not serious** [Not serious$ss [Strong Rate of - 0% Absolute effect [BOOO CRITICAL
studies (N=5)"" |serious associationTf erious is estimated to [MODERATE

omplications
f catheter
insertion

aries from

be between 1 to
21 more serious
complications
per 1000
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0.1% to 2.1%

patients in the
ECTR group

Serious complications of ECTR##
Observational L\lot Not serious Not serious  |Not serious  |Strong Rate of - 0% Absolute effect [BHOO CRITICAL
studies (N=6)" |serious associationftft serious is estimated to [MODERATE

complications be varying from

of ECTR >0 to 19 more

varies erious

according to omplications

the ECTR per 1000

performed patients in the

from 0.005% ECTR group

IHD and epending on

ICKRT), and he type of

up to 1.9% ECTR

HP) performed

ECTR: Extracorporeal treatments, IHD: Intermittent hemodialysis, CKRT: Continuous kidney replacement therapy, HP: Hemoperfusion

Explanations

FAlthough considered relevant patient-important outcomes, “length of coma” and “length of status epilepticus” could not be reliably estimated in the ECTR cohort so no comparison with
controls was performed.

1 Includes our systematic review of the literature on ECTR (40 patients from 34 case reports) as well as 8 cohort studies and our systematic review of case series treated with standard care
alone (“SYSTEMATIC REVIEW -CASE SERIES”, 192 patients from 26 case series)

§ Case reports published on effect of ECTR. Uncontrolled and unadjusted for confounders such as severity of poisoning, co-ingestions, supportive and standard care, and co-interventions.
Confounding-by-indication is inevitable since ECTR was usually attempted when other therapies have failed.

4 ECTR and standard care performed may not be generalizable to current practice (older technology, non-standardized dose of pyridoxine)

# Few events in small sample size, optimal information size criteria not met.

Il Publication bias is strongly suspected due to the study design (case reports published in toxicology often report very severe poisonings with successful outcomes)
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11 Includes our systematic review of the literature on ECTR (40 patients from 34 case reports) as well as our systematic review of case series treated with standard care alone
(“SYSTEMATIC REVIEW -CASE SERIES”, 192 patients from 26 case series)

1¥ Includes our systematic review of the literature on ECTR (40 patients from 34 case reports) as well as 1 cohort study and our systematic review of case series treated with standard care
alone (“SYSTEMATIC REVIEW -CASE SERIES”, 192 patients from 26 case series)

§§ Includes our systematic review of the literature on ECTR (40 patients from 34 case reports) as well as 3 cohort studies and our systematic review of case series treated with standard care
alone (“SYSTEMATIC REVIEW -CASE SERIES”, 192 patients from 26 case series)

111 Includes our systematic review of the literature on ECTR (40 patients from 34 case reports) as well as 1 cohort studies and our systematic review of case series treated with standard care
alone (“SYSTEMATIC REVIEW -CASE SERIES”, 192 patients from 26 case series)

## For venous catheter insertion, serious complications include hemothorax, pneumothorax, hemomediastinum, hydromediastinum, hydrothorax, subcutaneous emphysema retroperitoneal
hemorrhage, embolism, nerve injury, arteriovenous fistula, tamponade, and death. Hematoma and arterial puncture were judged not serious and thus excluded from this composite outcome.
Deep vein thrombosis and infection complications were not included considering the short duration of catheter use.

Il Five single-arm observational studies: two meta-analyses comparing serious mechanical complications associated with catheterization using or not an ultrasound, which included six RCTs
in subclavian veins'®® and 11 in internal jugular veins'; two RCTs comparing major mechanical complications of different sites of catheterization'”. '68; and one large multicenter cohort study
reporting all mechanical complications associated with catheterization.®® Rare events were reported from patient series and patient reports.

111 Not rated down for inconsistency because heterogeneity was mainly explained by variation in the site of insertion, use of ultrasound, experience of the operator, populations (adults and
pediatric), urgency of catheter insertion, practice patterns and methodological quality of studies.

11t Not rated down for indirectness because risks of cannulation and catheter insertion were judged comparable to reported risks when performed for other indications.

§8§ Not rated down for imprecision because the wide range reported was explained by inconsistency.

9711 The events in the control group are assumed to be zero (because no catheter is installed for ECTR), therefore, the magnitude of effect is at least expected to be large, which increases
the confidence in the estimate of effect. Furthermore, none of the studies reported 95%CI which included the null value and all observed complications occurred in a very short timeframe
(i.e., few hours).

### For IHD and CKRT, serious complications (air emboli, shock, and death) are exceedingly rare. Minor bleeding from heparin, transient hypotension, and electrolytes imbalance were
judged not serious. For HP, serious complications include severe thrombocytopenia, major bleeding, and hemolysis. Transient hypotension, hypoglycemia, hypocalcemia, and
thrombocytopenia were judged not serious. For TPE, serious complications include citrate toxicity, severe allergic reaction, arrhythmia, and vasovagal reaction. Hypotension, hypocalcemia,
and urticaria were judged as not serious. All non-serious complications were excluded from this composite outcome.

Il IHD/CKRT: two single-arm studies describing severe adverse events per 1000 treatments in large cohorts of patients.'”® 17" TPE: two recent one-arm studies reporting potential life-
threatening adverse events.'”2 173 HP: two small single-arm studies in poisoned patients.'” 175 Rare events were reported in patient series and patient reports.

1111 Assuming that patients in the control group would not receive any form of ECTR, the events in the control group would be zero; therefore, the magnitude of effect is at least expected to
be large, which increases the confidence in the estimate of effect. Furthermore, none of the studies reported 95%CI which included the null value and all observed complications occurred in

a very short timeframe (i.e., few hours).
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