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ABSTRACT

Introduction: Management of patients with salicylate toxicity frequently requires urine alkalinization
to enhance excretion of salicylate. One strategy for determining when to stop urine alkalinization is to
wait for two consecutive serum salicylate concentrations to be less than 300 mg/L (2.17 mmol/L) and
declining. When alkalinization of the urine ceases, a rebound in serum salicylate concentration can
occur from tissue redistribution or delayed gastrointestinal absorption. Whether this can lead to
rebound toxicity is not well understood.

Methods: This was a single-center, retrospective review of cases with a primary ingestion of acetylsali-
cylic acid reported to the local poison center over a five-year period. Cases were excluded if the prod-
uct was not listed as the primary ingestion or if there was no serum salicylate concentration
documented after discontinuation of intravenous sodium bicarbonate infusion. The primary outcome
was the incidence of serum salicylate rebound to a concentration greater than 300 mg/L (2.17 mmol/L)
after discontinuation of intravenous sodium bicarbonate infusion.

Results: A total of 377 cases were included. Of these, eight (2.1%) had a serum salicylate concentra-
tion increase (rebound) after stopping the sodium bicarbonate infusion. All these cases were acute
ingestions. Five of the eight cases had rebound serum salicylate concentrations that were greater than
300 mg/L (2.17mmol/L). Of these five patients, only one reported recurrent symptoms (tinnitus). Prior
to stopping urinary alkalinization, the last or the last two serum salicylate concentrations were less
than 300 mg/L (2.17 mmol/L) in three and two cases, respectively.

Conclusions: In patients with salicylate toxicity, the incidence of rebound in serum salicylate concen-
tration after cessation of urine alkalinization, is low. Even if serum salicylate rebounds to suprathera-
peutic concentrations, symptoms are often absent or mild. Routine repeat serum salicylate
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concentrations after urine alkalinization is stopped may be unnecessary unless symptoms recrudesce.

Introduction

Acetylsalicylic acid overdose is a common occurrence world-
wide due to its presence in various different products and
easy over-the-counter access [1,2]. Acetylsalicylic acid inges-
tions were the 19th most common cause of fatality from a
single substance reported to United States poison centers in
2021 [3]. After ingestion, acetylsalicylic acid is quickly deace-
tylated to salicylic acid, which can then deprotonate to sali-
cylate. Salicylate, in large overdose, causes severe metabolic
acidosis and multisystem organ failure from mitochondrial
oxidative phosphorylation uncoupling [4]. Salicylic acid has a
pKa of 3 (pH at which 50% is in salicylic acid form and 50%
is deprotonated to the negatively charged conjugate base,
salicylate) [4]. As pH increases and solutions become more
basic, more of the acid will deprotonate, becoming polar
and unable to diffuse into tissues. As acidemia increases,
more salicylic acid is present and is able to gain more organ
compartment access [5]. Because of this, alkalinization of the

urine with an intravenous sodium bicarbonate infusion is a
cornerstone of therapy, which increases the excretion of ion-
ized salicylate by trapping it in the urine [6].

The recommended therapeutic serum concentration of
salicylate is 100-300 mg/L (0.72-2.17 mmol/L), but this varies
by indication [5]. Serum concentrations greater than
300 mg/L (2.17 mmol/L) are usually not found unless there is
a supratherapeutic, acute, or chronic toxic exposure.
However, these serum concentrations should be interpreted
in the context of the acuity of the exposure and the overall
clinical condition. Factors that may influence the interpret-
ation of the serum salicylate concentration include exposure
acuity, product formulation, co-ingestions, comorbidities and
clinical condition [71].

The American Academy of Clinical Toxicology (AACT) and
the European Association of Poisons Centres and Clinical
Toxicologists (EAPCCT) [8] state that urine alkalinization is
recognized as first line therapy for patients with moderately
severe salicylate poisoning who do not meet criteria for

CONTACT Mary O'Keefe @ mary.okeefel@gmail.com e Department of Pharmacy, Vanderbilt University Medical Center, Nashville, TN, USA.
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/15563650.2023.2227998.

© 2023 Informa UK Limited, trading as Taylor & Francis Group


http://crossmark.crossref.org/dialog/?doi=10.1080/15563650.2023.2227998&domain=pdf&date_stamp=2023-07-27
http://orcid.org/0000-0003-1905-5100
http://orcid.org/0000-0002-9906-4148
https://doi.org/10.1080/15563650.2023.2227998
https://doi.org/10.1080/15563650.2023.2227998
http://www.tandfonline.com

hemodialysis; however, no specific laboratory values are rec-
ommended for what would be considered "moderately
severe" and rather are based on the clinical presentation of
the patient. A urinary pH of 7.5—8.0 is a standard goal of
therapy [4,7,8]. Alkalinization of the urine often is discontin-
ued when serum salicylate concentration has returned to
therapeutic concentrations after an overdose [9]. There is
variation between various toxicology groups and poison cen-
ters on the endpoints to use for appropriate cessation of
urinary alkalinization. For example, the AACT/EAPCCT recom-
mend stopping alkalinization of the urine when the serum
salicylate concentration falls to less than 350mg/L
(2.53mmol/L) in an adult or 255mg/L (1.81 mmol/L) in a
child [8]. In the Australia Therapeutic Guidelines, cessation of
urinary alkalinization should occur when the patient is clinic-
ally well, serum salicylate concentration is less than 300 mg/L
(217 mmol/L), and has a normal acid-base status [10].
Another source [2] states urinary alkalinization can be discon-
tinued if the serum salicylate decreases to a therapeutic con-
centration (150-300mg/L or 1.09-2.17 mmol/L) or the
patient’s symptoms resolve. When urine alkalinization stops,
the pH of blood begins to fall, salicylate may become proto-
nated to salicylic acid and diffuse out of tissues back into
the blood. At least one report demonstrates a rebound of
serum salicylate to toxic concentrations after stopping urine
alkalinization [9]. The purpose of this study is to analyze the
incidence of rebound serum salicylate concentrations after
discontinuation of urine alkalinization in patients with salicyl-
ate poisoning.

Methods

This was a single-center, retrospective study of adult and
pediatric cases with a primary ingestion of acetylsalicylic acid
and sodium bicarbonate infusion listed as a part of the
patient’s treatment reported to the local poison center from
1 January 2015 through 31 December 2019. All data were
queried from ToxSentry, the program at the local poison cen-
ter used by the Specialists in Poison Information to input
information received over the phone regarding cases. Cases
were excluded if the salicylate product was not listed as the
primary ingestion or if there was no serum salicylate concen-
tration documented after discontinuation of intravenous
sodium bicarbonate infusion. A “rebound serum salicylate
concentration” was defined as any increase in serum salicyl-
ate concentration after discontinuation of the intravenous
sodium bicarbonate infusion. “Salicylate toxicity” was defined
as a serum salicylate concentration greater than 300 mg/L
(2.17 mmol/L). “Rebound salicylate toxicity” refers to an
increase in serum salicylate concentration greater than
300 mg/(2.17 mmol/L) after discontinuation of the intraven-
ous sodium bicarbonate infusion. The local poison center
recommends an endpoint of two decreasing serum salicylate
concentrations less than 300mg/L (2.17 mmol/L) as the
internal guideline for cessation of alkalinization of the urine.
However, due to a lack of a universal standard on when
urine alkalinization should be stopped as described previ-
ously, cases were still included and analyzed even if they did
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not follow this internal guideline. The primary outcome was
incidence of rebound salicylate toxicity following discontinu-
ation of intravenous sodium bicarbonate infusion. This study
was approved by the institutional review board.

Results

During the five-year period, 512 acetylsalicylic acid overdose
cases who had intravenous sodium bicarbonate infusion
listed as a treatment were reviewed. Of these, 135 did not
have a documented serum salicylate concentration after dis-
continuation of the bicarbonate infusion and were excluded.
Of the 377 remaining cases, eight (2.1%) had serum salicylate
concentration rebound after stopping intravenous sodium
bicarbonate (Figure 1, Table 1). All eight (100%) of these
rebound cases were acute ingestions (meaning none were
therapeutically taking acetylsalicylic acid prior to the over-
dose). The median time from sodium bicarbonate infusion
discontinuation to repeat concentration was 3.0 h (interquar-
tile range 3.55h).

Five of the eight cases (63%) met the definition of
rebound salicylate toxicity (rebound serum salicylate concen-
tration greater than 300mg/L (2.17 mmol/L). Prior to stop-
ping urine alkalinization, the last or last two serum salicylate
concentrations were less than 300mg/L (2.17 mmol/L) in
three patients (patients 6, 7, and 8) and two (patients 1 and
3) cases, respectively. One patient (Patient 8) experienced
recurring symptoms (tinnitus) when serum salicylate concen-
trations rebounded from 260 mg/L (1.88 mmol/L) to 670 mg/L
(4.85 mmol/L), while there was no mention of the other four
(patients 1, 3, 6, and 7) experiencing any additional or new
symptoms. In these five patients, the median rebound
increase in serum salicylate concentration was 8.90mg/L
(0.65 mmol/L). Four of the five patients received at least one
dose of activated charcoal. All five patients had urine alkalin-
ization resumed. All patients who rebounded to greater than
300mg/L (2.17 mmol/L) had a serum concentration between
200 - 300 mg/L (1.45-2.17 mmol/L) when urine alkalinization
was stopped. Three of the five cases had only one serum
salicylate concentration less than 300mg/L (2.17 mmol/L)
prior to stopping the infusion.

Discussion

The mechanism of rebound in serum salicylate concentration
is not clear but may be related to delayed gastrointestinal
absorption after activated charcoal administration (i.e., the
activated charcoal/acetylsalicylic acid mixture acting as a
slow release of acetylsalicylic acid as it transits the colon),
delayed absorption of pharmacobezoars, or redistribution of
salicylic acid from tissues as the blood/tissue pH rises
[4,5,11]. In this retrospective cohort of patients with salicylate
toxicity, the incidence of a rebound increase in serum salicyl-
ate concentrations after discontinuation of urine alkaliniza-
tion was 2.1% (8 cases). Only five cases had rebound
increases in serum salicylate concentration to greater than
300 mg/L (2.17 mmol/L) and all were retreated with intraven-
ous sodium bicarbonate infusion. Only one patient who was
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Figure 1. Changes in serum salicylate concentrations in eight cases of moderately severe acetylsalicylic acid overdose during intravenous sodium bicarbonate infu-
sion (urine alkalinization) and after its discontinuation at hour 0. In five cases (graphs A-E for patients 1,3,6,7,8 respectively), serum salicylate concentrations
rebounded to greater than 300 mg/L (2.17 mmol/L). in three cases (graph F, for patients 2,4 and 5), the rebound was less than 300 mg/L (2.17 mmol/L). To convert

salicylate from mg/L to mmol/L multiply by 0.00724.

retreated was symptomatic. It is unclear if these patients
may have had the same outcomes even without treatment.
These data also provide insight into the natural course
of serum salicylate concentration rebound after stopping
urine alkalinization. Patients in this series experienced
delayed increases in serum salicylate concentrations as late
as 10h after sodium bicarbonate therapy was stopped, 20h
after presenting to the emergency department, and 42h

from assumed time of ingestion. Seven of the eight cases
received activated charcoal upon arrival at the emergency
department. One patient (patient 8) experienced a rebound
increase in serum salicylate concentration to 410mg/L
(2.97 mmol/L) and symptom recurrence eight hours after
discontinuing intravenous sodium bicarbonate infusion. It is
possible that the patient was still absorbing acetyl salicylic
acid from the gastrointestinal tract when the intravenous
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Figure 1. Continued.

sodium bicarbonate infusion was stopped 3.5h later. One
patient (patient 2) experienced a continued increase of
50mg/L (0.36 mmol/L) between the first and second serum
concentration after stopping sodium bicarbonate therapy. In
this case, the patient also ingested diphenhydramine, a
first-generation antihistamine with anticholinergic properties
[12]. Due to altered gastric emptying and decreased intes-
tinal motility, absorption of salicylic acid from the gastro-
intestinal tract could be delayed. No rebound to a

10.00
Time (hours)

20.00 30.00 40.00

concentration greater than 300 mg/L (2.17 mmol/L) occurred
in patients whose serum salicylate concentrations were
less than 200mg/L (1.45mmol/L) prior to cessation of
alkalinization of the urine. Additionally, particular care in
additional monitoring should be taken if patients are
believed to have continued gastrointestinal absorption of
acetylsalicylic acid, based on, for example, recent time of
ingestion, serum salicylate concentrations, or the persistence
of symptoms.
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Figure 1. Continued.

Limitations

This is a single-center, retrospective review and was reliant
on only the documentation within one poison center. Data
are obtained through non-mandatory reporting to this poi-
son center, and this relies entirely on accuracy of caller infor-
mation, whether by healthcare professionals or laypeople,
introducing the potential of transcription errors in data.
Another limitation includes the inability to track a patient’s

urine pH throughout treatment, therefore it is unknown
whether the patient achieved urine alkalinization. The
reported cases were clinically diverse and confounding varia-
bles such as co-ingestion or comorbid condition could not
be controlled for. Additionally, the clinical relevance of
rebound is not clear as data on patient outcomes in those
with rebound serum concentrations greater than 300 mg/L
(2.177 mmol/L) who were not restarted on urine alkalinized is



Table 1. Cases of acetylsalicylic acid overdose with a rebound in serum salicylate concentrations after discontinuation of IV sodium bicarbonate infusion (urine alkalinization).

Last two serum
salicylate concentrations

before stopping bicarbonate

Time to

Peak in serum salicylate
after stopping bicarbonate

rebound

Duration of sodium
bicarbonate infusion (h)

Activated charcoal;

Formulation; Estimated ingested

Sex/

peak (h)

(mg/L) [mmol/L]

(mg/L) [mmol/L]
282-267 [2.04-1.93]

repeat doses; (Y,N)

Co-ingestions

dose (g) [g/kg]

Unknown; Unknown

Age (y)
F/12

Case
1
2
3
4
5
6

35

420 [3.04]
280 [2.03]
330 [2.39]
151 [1.09]
226 [1.64]
319 [2.31]

15

Y; N

Methylphenidate, fluoxetine, ibuprofen

Diphenhydramine

None

300-290 [2.17-2.1]

9.5

Y; Y

ASA 325mg tablet; (32.5)

F/18

296-289 [2.14-2.09]

5.5

Y; Y

ASA 325 mg tablet; (24.1) [0.21]
Unknown; Unknown

F/41

None Y; N 224-83 [1.62-0.60] 25

F14

13

380-209 [2.75-1.51]

Y; N

None

ASA 325 mg tablet; Unknown
Headache Relief medication

F/16

394-208 [2.85-1.51]

16

Paracetamol, caffeine, doxylamine

F/62

(250 mg ASA per tablet); Unknown

ASA 325mg tablet; (65) [1.01]

1

309 [2.24]%
670 [4.85]

378 - 220 [2.74-1.59]
300 -260 [2.17-1.88]

Y, Y 10.5

Ethanol
None

F/74

7
8

35

Y; N

ASA 325mg tablet; (146.3) [0.93]
After discontinuation of sodium bicarbonate infusion, serum salicylate concentration increased. TFrom 230 to 280 mg/L [1.67 to 2.03 mmol/L] and *From 124 to 144 and 309 mg/L [0.90-1.04 and 2.24 mmol/L].

M/34
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not available for comparison given all five patients were
restarted on urinary alkalinization.

Conclusion

After urine alkalinization for treatment of salicylate toxicity is
stopped, any increase in serum salicylate concentration and
a rebound greater than 300 mg/L (2.17 mmol/L) are uncom-
mon, with an incidence of 2.1% and 1.3%, respectively. In
the latter situation, there may be recurrence of symptoms.
For patients with declining serum salicylate concentrations
and resolving symptoms, repeated measurements may be
unnecessary. However, particular care should be taken if
ongoing gastrointestinal absorption of acetylsalicylic acid is
likely, based on, for example, recent time of ingestion, serum
salicylate concentrations or the persistence of symptoms.
More study is needed regarding the role of urinary alkaliniza-
tion in an asymptomatic patient who experiences a rebound
in serum salicylate concentration greater than 300mg/L
(2.17 mmol/L).
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