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Background: Sodium bicarbonate administration during cardiopulmonary resuscitation (CPR) is
controversial. Current guidelines recommend sodium bicarbonate injection in patients with existing
metabolic acidosis, but clinical trials, particularly, those involving patients with acidosis, are limited. We
aimed to evaluate the efficacy of sodium bicarbonate administration in out-of-hospital cardiac arrest (OHCA)
patients with severe metabolic acidosis during prolonged CPR.

Methods: Prospective, double-blind, randomized placebo-controlled pilot trial was conducted between
January 2015 and December 2015, at a single center emergency department (ED). After 10 minutes of CPR,
patients who failed to achieve return of spontaneous circulation (ROSC) and with severe metabolic acidosis
(pH<7.1 or bicarbonate <10 mEqg/L) were enrolled. Sodium bicarbonate (n=25) or normal saline (n=25) were
administered. The primary end point was sustained ROSC. The secondary end points were the change of
acidosis and good neurologic survival.

Results: Sodium bicarbonate group had significant effect on pH (6.99 vs. 6.90, P=0.038) and bicarbonate
levels (21.0 vs. 8.0 mEq/L, P=0.007). However, no significant differences showed between sodium
bicarbonate and placebo groups in sustained ROSC (4.0% vs. 16.0%, P=0.349) or good neurologic survival
at 1 month (0.0% ws. 4.0%, P=1.000).

Conclusions: The use of sodium bicarbonate improved acid-base status, but did not improve the rate of
ROSC and good neurologic survival. We could not draw a conclusion, but our pilot data could be used to
design a larger trial to verify the efficacy of sodium bicarbonate.

Trial Registration: NCT02303548 (http://www.Clinical Trials.gov).
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Introduction

Previous guidelines recommended the use of sodium
bicarbonate for preexisting hyperkalemia (Class I
intervention), preexisting metabolic acidosis or tricyclic
or barbiturates overdose (Class ITA), and for prolonged
intervals of cardiopulmonary resuscitation (CPR)
(Class IIB) (1). Some studies have shown favorable results in
terms of increased return of spontaneous circulation (ROSC)
and hospital admission rates (2-4), while the majority of
studies have found that sodium bicarbonate administration
may be counter-productive because it increases tissue and
central venous blood carbon dioxide (CO,) tension, leading
to paradoxical increase in respiratory acidosis (5-10). As a
result, the 2010 advanced cardiac life support (ACLS)
guidelines for adults did not recommend the routine
use of sodium bicarbonate during CPR, except for
preexisting metabolic acidosis, hyperkalemia, or tricyclic
antidepressant overdose (11). These guidelines were
not reviewed or revised in the latest update, published
in 2015, because the International Liaison Committee
on Resuscitation (ILCOR) task force determined that
there was not a sufficient amount of new information to
readdress this question (12-14). Nevertheless, sodium
bicarbonate has been commonly used during resuscitation
of out-of-hospital cardiac arrest (OHCA) patients (15) on
the grounds that its use may be appropriate in patients
with prolonged CPR as this can lead to severe acidosis
which may trigger hemodynamic instability as a result
of reduced left ventricular contractility and impaired
responsiveness to catecholamines (16-18). In addition,
recent studies have shown promising effects of sodium
bicarbonate and, specifically, improved chances of
ROSC and high survival rates with prolonged cardiac
arrest (19,20).

In the context of this unclear clinical picture, we
conducted a clinical trial to evaluate the effects of
sodium bicarbonate with transient hyperventilation
on the outcome of OHCA adult patients who
failed to achieve ROSC and with severe metabolic
acidosis (pH <7.1 or bicarbonate <10 mEq/L)
after 10 minutes of CPR performed in the emergency
department (ED) following OHCA resuscitation attempts.
The null hypothesis was that the use of sodium bicarbonate
with transient hyperventilation in these patients may
improve acidosis without CO, burden and enhance the
rates of ROSC, survival to hospital admission, and good
neurologic survival.
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Methods
Study population

Between January 1 2015 and December 31 2015, all
consecutive adult (>18 years of age) patients admitted
with non-traumatic OHCA to the Asan Medical Center
were screened to determine whether they met the study
criteria. The Asan Medical Center is a tertiary referral
center in Seoul, Korea, with 108,000 patient admissions
per year, according to a ED census. The inclusion criteria
were as follows: patients who failed to achieve ROSC after
10 minutes of CPR in the ED and with severe metabolic
acidosis (pH <7.1 or bicarbonate <10 mEq/L) on arterial
blood gas analysis (ABGA). Exclusion criteria were patients
with a previous do-not-resuscitate order, extracorporeal-
CPR, ROSC within 10 minutes of ACLS, and absence of
severe metabolic acidosis on ABGA after 10-minutes of
CPR in the ED.

Study protocol

This study was designed as a double-blind, prospective,
randomized, placebo-controlled clinical trial. The protocol
was approved by the Institutional Review Boards of Asan
Medical Center (No. 2014-0968), and the requirement
for informed consent was waived in accordance with the
ethical standards of the institutional review board. This
study was registered under clinicaltrials.gov as protocol
NCT02303548.

Patients received standard ACLS, including chest
compression, intubation, ventilation, defibrillation, drug
administration, including epinephrine and antiarrhythmic
drugs if indicated, in the ED. After 10 minutes of ACLS,
femoral arterial blood samples were obtained for ABGA
from patients who failed to achieve ROSC. Blood samples
were analyzed by a point-of-care-testing blood gas
analyzer [GEM Premier 3,000 analyzer (Instrumentation
Laboratory, Lexington, MA, USA)]. Patients with severe
metabolic acidosis (pH <7.1 or bicarbonate <10 mEq/L)
on ABGA were enrolled. A research associate generated a
random sequence using Excel software. Patients fulfilling
the study inclusion criteria were randomly assigned (1:1) to
the study group, receiving sodium bicarbonate 50 mEqg/L,
or to the control group, receiving normal saline 50 mL
injection over 2 minutes, in a double-blinded fashion. It
is well known that sodium bicarbonate administration
leads to CO, burden (7), therefore, in order to prevent
respiratory acidosis, we increased the ventilation rate from
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Figure 1 Study flow. DNR, do not resuscitate; ABGA, arterial blood gas analysis; ROSC, return of spontaneous circulation.

10 to 20/minutes for 2 minutes after the drug (sodium
bicarbonate in the study group or normal saline in the
placebo group) administration. After 20 minutes of CPR in
the ED, femoral ABGA was repeated.

Study end point

The primary end point was the change of acidosis, evaluated
as the pH and bicarbonate levels. The secondary end points
were sustained ROSC, defined as the restoration of a
palpable pulse >20 minutes, survival to hospital admission,
and good neurologic survival at 1 and 6 months, defined as
cerebral performance category (CPC) 1 or 2; CPC scores
are categorized as follows: 1 (no significant impairment),
2 (moderate impairment but able to complete activities
of daily living), 3 (severe impairment but conscious),
4 (vegetative state or coma) and 5 (death).

Statistical analysis

An estimation of the number of patients needed was not
derived because of the lack of any previous study in this
clinical situation and the ethical issue of bicarbonate
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injection. This study was a pilot study, intended to test the
feasibility of a larger study. A sample size of 50 subjects
(25 subjects per group) was determined. Data were
presented as means = standard deviation (SD) or median
with interquartile range (IQR), for continuous variables,
and as number and percentages, for categorical variables.
Student z-test, Fisher exact test, and Pearson’s ¥’ test
were used for intergroup comparisons. The Wilcoxon
matched-pairs signed rank test was used to compare the
blood gas results before and after drug administration. A
two-sided P value <0.05 was considered statistically
significant. All statistical analyses were performed using
IBM SPSS Statistics for Windows, Version 21.0 (IBM
Corp., Armonk, NY, USA).

Results

During the study period, 50 patients with OHCA were
enrolled according to previously determined criteria. A
total of 107 subjects were excluded (Figure I). Clinical
characteristics of patients are summarized in Table 1. There
was no significant difference between the study group
and control group in demographic characteristics, past
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Table 1 Clinical characteristics of the study and control group
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Clinical characteristics Study group (n=25) Control group (n=25) P
Male subjects 18 (72.0) 21 (84.0) 0.306
Age, years 65.5+16.4 64.1+15.4 0.757
Witnessed 14 (56.0) 14 (56.0) 1.000
Bystander CPR 17 (68.0) 19 (76.0) 0.529
Prehospital rhythm 0.196
Shockable 7 (28.0) 3(12.0) -
Unshockable 18 (72.0) 21 (84.0) -
Unknown 0 (4.0 1(4.0) -
Comorbidity
Any comorbidities 20 (80.0) 20 (80.0) 1.000
Hypertension 13 (52.0) 12 (48.0) 0.777
Diabetes 8 (32.0) 7 (28.0) 0.758
Coronary artery disease 4 (16.0) 9 (36.0) 0.107
Cerebrovascular accident 1(1.0) 4 (16.0) 0.349
Chronic renal failure 2 (8.0) 2(8.0) 1.000
Chronic lung disease 3(12.0) 1(4.0) 0.609
Chronic liver disease 0 (0.0) 1(4.0) 1.000
Active cancer 14.0) 5(20.0) 0.189
Initial rhythm 0.147
VF/pulseless VT 0(0.0) 2(8.0) -
PEA 2 (8.0 4 (16.0) -
Asystole 23 (92.0) 19 (76.0) -
Time factors
Prehospital CPR time 22.7+71 21.8+9.2 0.720

Data are presented as n (%) or mean with standard deviation.
ventricular tachycardia; PEA, pulseless electrical activity.

medical history, witnessed arrest, performance of CPR by
bystanders, and pre-hospital and initial cardiac rhythm.
Duration of pre-hospital CPR was also not significantly
different between the two groups.

Before randomization, results of ABGA at 10 minutes
were not significantly different between the study group
and control group. At 20 minutes, pH [6.99 (6.92-7.12) vs.
6.90 (6.85-6.94), P=0.038] and HCO,™ [21.00 (15.85-28.75)
vs. 8.00 (3.30-14.00) mEqg/L, P=0.007] levels were higher
in the study group than in the control group, while pCO,
[82.00 (73.00-94.50) vs. 86.00 (51.50-112.75), P=0.908]
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CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; VT,

levels were not significantly different (7able 2). The ABGA
results before and after drug administration showed a
significant increase in sodium bicarbonate levels in the
study group [16.00 (10.00-20.00) vs. 21.00 (15.85-28.75),
P=0.036]. However, changes were not significant in the
control group, and pH and pCO, changes were also not
significant in either group.

Sustained ROSC (>20 minutes) rate for the 50 enrolled
patients was 10.0%. Overall, there was no difference in
ROSC of any duration [3 (12.0) vs. 6 (24.0), P=0.469],
sustained ROSC [1 (4.0%) vs. 4 (16.0%), P=0.349],
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Table 2 Differences in blood gas analysis results between the study and control groups

Outcome Study group (n=25) Control group (n=25) P
Blood gas analysis at 10 minutes
Lactic acid 12.00 (10.10-14.90) 11.90 (7.85-15.00) 0.725
pH* 6.86 (6.84-7.00) 6.93 (6.84-7.00) 0.888
HCO, ' 16.00 (10.00-20.00) 10.00 (7.45-13.00) 0.358
pCO, ¥ 76.00 (58.50-89.00) 49.50 (34.75-65.00) 0.579
pO, 64.00 (21.50-89.50) 33.50 (19.00-82.00) 0.398
Blood gas analysis at 20 minutes
Lactic acid 12.00 (10.35-15.00) 14.05 (7.85-14.78) 0.965
pH* 6.99 (6.92-7.12) 6.90 (6.85-6.94) 0.038
HCO3™" 21.00 (15.85-28.75) 8.00 (3.30-14.00) 0.007
pCO,* 82.00 (73.00-94.50) 86.00 (51.50-112.75) 0.908
pO, 41.00 (25.00-58.00) 49.00 (29.25-74.00) 0.806

Data are presented as median with interquartile range. Wilcoxon Signed Rank Test: Study group, *, P=0.330; ', P=0.036; *, P=0.053 vs.

Control group; *, P=0.068; ', P=0.141; ¥, P=0.308.

Table 3 Differences in outcome between the study and control groups

Outcome Total (n=50) Study group (n=25) Control group (n=25) P
ROSC 9 (18.0) 3(12.0) 6 (24.0) 0.469
Sustained ROSC (>20 minutes) 5(10.0) 14.0) 4 (16.0) 0.349
Hospital admission 5(10.0) 14.0) 4 (16.0) 0.349
Good neurologic survival >1 month 1(4.0) 0(0.0) 1(4.0) 1.000
Good neurologic survival >6-month 0 (0.0 0(0.0) 0 (0.0) -

Data are presented as n (%). Good neurologic survival is defined as cerebral performance category 1 or 2. ROSC, return of spontaneous

circulation.

hospital admission [1 (4.0%) vs. 4 (16.0%), P=0.349], and
survival >1 month [0 (0.0%) vs. 1 (4.0%), P=1.000] between
the study and the control group. No patient survived for
>6 months (Table 3).

Discussion

We evaluated the effects of sodium bicarbonate
administration based on blood gas analysis (pH <7.1 or
bicarbonate <10 mEq/L) and duration of CPR (>10 minutes
of CPR in the ED) in OHCA patients. The results indicated
that the use of sodium bicarbonate improve the acid-base
state, while it had no effect on the improvement of the rate
of ROSC and good neurologic survival.
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Only one prospective controlled clinical trial on
buffer therapy in CPR has been reported since 2000 (4).
Between 1994 and 1998, researchers from the University
of Pittsburgh evaluated the effect of sodium bicarbonate
on OHCA patients by comparing an experimental group
(administered 1 mEq/kg of bicarbonate) and a control group
(administered equal volume of normal saline) (4). Overall,
there was no difference in survival between the groups (7.4%
vs. 6.7%, P=0.88). However, in the subgroup of patients
with prolonged (>15 minutes) pre-hospital arrest, survival
rates were higher in the bicarbonate group than in the
control group (32.8% vs. 15.4%, P=0.007). Although our
study included only patients with prolonged CPR and severe
metabolic acidosis, we found that sodium bicarbonate had
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no effect on the overall outcomes. This is in agreement with
the findings of a retrospective cohort study by Wing et 4l.,
that sodium bicarbonate administration during prolonged
CPR did not improve the sustained ROSC in OHCA
patients [6.7% (2/30) vs. 19.4% (12/90), P=0.13] (21).
It is interesting to note that the median time interval from
CPR to sodium bicarbonate administration in Weng’s
cohort and in our study were 36 minutes and 31 minutes,
respectively. In addition, survival discharge rates were
only 2.1% (2/92) and 2.0% (1/50), respectively, indicating
that the outcome of prolonged CPR (>30 minutes) in
patients with acidosis is poor. These data do not address
the possibility of combining sodium bicarbonate along with
extracorporeal membrane support or administration earlier
in the resuscitation. We have previously reported most
favorable outcomes are achieved with shorter resuscitation
intervals (22,23).

The adverse effects associated with the use of sodium
bicarbonate include metabolic alkalosis and the generation
of CO,, which could induce respiratory acidosis;
furthermore, CO,, by rapidly crossing the blood brain
barrier may result in cerebrospinal fluid acidosis and
cerebral edema (5). To our knowledge, this is the first study
evaluating the effects of sodium bicarbonate with transient
hyperventilation to overcome increased CO, production.
We increased the ventilation rate to 20/minutes for
2 minutes after the drug administration, and elevated pCO,
levels were found in both the study and control groups.
These changes were not significant (P<0.05 in both groups).
However, the administration of a single bolus of sodium
bicarbonate with transient hyperventilation did not cause
significant pCO, elevation, which is one of the adverse
effects of sodium bicarbonate administration of greatest
concern. A 50 mL bolus of sodium bicarbonate will raise
serum pH by approximately 0.1 of a pH unit (11). Serum
pH in the bicarbonate group increased from 6.86 to 6.99,
although in the control group the pH decreased from 6.93
to 6.90. Sodium bicarbonate administration with transient
hyperventilation may increase serum pH without significant
pCO, elevation. However, despite the benefits of sodium
bicarbonate administration according to blood gas analysis,
sustained ROSC (>20 minutes), hospital admission, and
survival >1 or 6 months did not improve.

The major limitation of our study relates to the small
number of subjects. Administration of a single bolus of
sodium bicarbonate with transient hyperventilation has not
been previously evaluated and may cause unexpected harm
to study subjects. Thus, the institutional review board did
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not allow a large clinical trial to be conducted. A further
consideration is the use of a single empirical dosing of
bicarbonate, such as 50 mEq/L, rather than weight-based
administration. It is possible that smaller patients could have
received an excessive dose of sodium bicarbonate, which,
theoretically, may have mitigated adverse effects. Although
the study protocol set a 10-minute interval of ABGA of
blood samples drawn from the femoral artery, there is a
chance that venipuncture during sampling under CPR
conditions could lead to erroneously low acidic results (4).
Finally, in our view, ABGA after 10-minute of ACLS in
the ED would be a more precise indicator of the patient’s
acid-base status than ABGA performed on patient arrival
at the ED (24). We concede that there may also be another
optimal time-point for ABGA. However, our cohort may
be in a unique position for the study of the effects of
bicarbonate on acidosis, for following reasons. Bicarbonate
administration is not permitted in prehospital resuscitation
in Korea; therefore, we could control bicarbonate
administration until a specific time point. According to
previous study conducted by our group (24-26), blood gas
analysis or arterial line monitoring during CPR is a routine
process in our ED.

Conclusions

Among adult non-traumatic OHCA patients with prolonged
CPR and severe metabolic acidosis, the use of sodium
bicarbonate during CPR with transient hyperventilation
improve acid-base status without CO, elevation which
is one of the most concerned adverse effects of sodium
bicarbonate administration, but it had no effect on the
improvement of the rate of ROSC and good neurologic
survival. At this point, we could not advise for or against its
administration, our pilot data could be used to help design a
larger trial to verify the efficacy of sodium bicarbonate.
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