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ABSTRACT

Background: There is no optimal timing for continuous renal replacement therapy (CRRT) in acute kidney injury (AKI). AKI is a
reason for the increased unmeasured anions, which refers to the increased organic acids in the blood, and they can be
detected by calculating strong ion gap (SIG). SIG level at the moment of the AKI diagnosis may be a predictor for the initiation
of CRRT.

Methods: Patients who were diagnosed with AKI in the first week of the intensive care unit (ICU) period were included in this
prospective observational study. At the moment of the AKI diagnosis, blood gas samples were recorded, and SIG was
calculated.

Results: The median level of SIG at the moment of the AKI diagnosis of CRRT (+) patients was significantly higher than CRRT
(-) patients (7.4 and 3.2 mmol L�1, respectively). In the multivariate Cox regression analysis, the likelihood of the initiation of
CRRT was increased 1.16-fold (1.01-1.33) and 4.0-fold (1.9-8.7) by only 1 mmol L�1 increases in SIG and SIG ≥6 mmol L-1
at the moment of AKI diagnosis, respectively (p = 0.035 and p < 0.001).

Conclusions: Increased SIG at the moment of the AKI diagnosis in patients with AKI may be a predictive marker to initiate
CRRT.

Key Indexing Terms: Strong ion gap; Acute kidney injury; CRRT. [Am J Med Sci 2024;367(2):112–118.]
INTRODUCTION
I n patients with acute kidney injury (AKI), the most
crucial question is when continuous renal replace-
ment therapy (CRRT) should be initiated if there are

no urgent indications. The Clinical Practice Guideline for
Acute Kidney Injury Guidelines (KDIGO) for AKI states
that there is no optimal time for CRRT.1 In the last six
years, some notable studies have focused on some bio-
markers and the interval between the moment of AKI
diagnosis and the initiation of the CRRT or other time
variables.2−9 However, controversial results were
observed in these studies, including meta-analyses. The
secretion of organic acids is one of the physiological
functions of the kidney, and intact kidneys remove most
of the metabolism-generated acid via ammonia genera-
tion.10−12 In AKI, this function can deteriorate, causing
organic acids to accumulate in the blood. Therefore, AKI
is known to be one reason for high organic acids, which
are represented as unmeasured anions (UAs).13,14 UAs
are also detected by calculating the Stewart approach’s
strong ion gap (SIG), in which a higher SIG means higher
UAs.15 Hence, a high SIG at the moment of the AKI diag-
nosis may be used as a predictor of the need for CRRT,
a topic we thought was worth investigating.
METHODS

Study design, population, definitions, and formulas
This prospective observational study was approved by

the local ethics committee (Ac{badem University and
Ac{badem Healthcare Institutions Medical Research Ethics
Committee -ATADEK- 2019-14/18, Chief: Prof. Dr. Ismail
Hakk{ Ulus) and complied with the Declaration of Helsinki.
Written informed consent was obtained from all partici-
pants before the examination. In three tertiary general
intensive care units (ICUs) between 12 September 2019
and 1 January 2021, patients who were >18 years old and
were diagnosed with AKI in the first week of their ICU
period were included in the study. Patients with diabetic
ketoacidosis, drug intoxication, chronic renal failure, liver
failure, and cancer were excluded from the study because
these conditions can increase SIG. Patients to whom
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FIG. 1. Study flowchart.

Strong ion gap for CRRT in AKI
CRRT was performed at the moment of the AKI diagnosis
due to urgent indications (pH < 7.2, K>6 mmolL�1, pulmo-
nary edema, and uremic complications) were also
excluded (Fig. 1).

The KDIGO guidelines were used for AKI definition
and staging.1 According to KDIGO, severe acidosis
(pH < 7.2), hyperkalemia (K>6.0 mmol L�1), anuria, vol-
ume overload despite diuretic usage, and uremic
encephalopathy were used as indicators to initiate CRRT
by the ICU doctor teams.1,16

At the moments of the AKI diagnosis (for all
patients) and the pre-CRRT (for only CRRT (+)
patients), arterial blood gas samples, albumin (Alb),
magnesium (Mg), and inorganic phosphorus (Pi) levels
were recorded by an assigned intensivist in each ICU
doctor team. Other doctors did not know any calcu-
lated SIG values.

For all patients, age (years), sex, body mass index
(BMI) (kg m�2), Charlson comorbidity index (CCI),
APACHE IICr-corr (creatinine-corrected APACHE II),
SOFACr-corr (creatinine-corrected SOFA) score, the main
diagnoses, CRRT indications, pH, PaCO2 (mmHg), HCO3

(mmol L�1), standard base excess (SBE) (mmol L�1), Na
(mmol L�1), K (mmol L�1), Ca (mmol L�1), Mg (mg dL�1),
Cl (mmol L�1), lactate (mmol L�1), Alb (g L�1), Pi (mg
dL�1), SIG (mmol L�1), anion gap (AG) (mmol L�1), urea
(mg dL�1), creatinine (mg dL�1), length of ICU stay, dialy-
sis requirements, and mortality were recorded.

SIG and AG were calculated for each patient by using
the formula;15
Copyright © 2023 The Authors. Published by Elsevier Inc. on behalf of Southern
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd
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SIG ¼ Naþ Kþ CaþMg� Cl� lactateð Þ
Society for
/4.0/)
� 0:003� PaCO2 � 10ðpH�6:1Þ
� �

�
�
AlbðgL�1Þ

� 0:123� pH� 0:631½ �
�
�
�
Piðmmol L�1Þ

� 0:309� pH� 0:469½ �
�

AG ¼ Naþ K� Cl� HCO3

Milligram values for Mg and Pi were converted to
mmol by using these formulas;17,18

MgðmmolL�1Þ ¼ MgðmgdL�1Þ � 0:41152

PiðmmolL�1Þ ¼ PiðmgL�1Þ � 0:323

Blood gas data were acquired by using an ABL 800
(Radiometer, Denmark, Copenhagen) blood gas device,
which employs ion-selective electrodes. Alb, Mg, Pi,
urea, and creatinine were acquired by using a Cobas C
303 device (Roche, Rotkreuz, Switzerland). A Fresenius
multifiltrate CRRT machine (Hamburg, Germany) was
used to perform CRRT.
Statistical analysis
Descriptive data are presented as mean § sd,

median (quartiles), and percentages. The Kolmogorov‒
Smirnov and Shapiro−Wilcox tests were used to detect
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Table 1. Patients’ characteristics and outcomes.

n 135
Age, (year) 79 (70-85)
Male, n (%) 77 (57.0)
BMI, (kg/m2) 26.9 (23.4-31.3)
CCI 7 (5-8)
APACHE IICr-corr 21§8
SOFA ScoreCr-corr 6 (3-8)
Diagnosis, n (%)

Sepsis
Hypovolemia
Heart failure

103 (76.3)
19 (14.1)
13 (9.6)

The day that AKI was diagnosed
At the ICU admission
2nd day
3rd day
Between 4th − 7th days

102 (75.6)
6 (4.4)
13 (9.6)
14 (10.4)

AKI stages
Stage I
Stage II
Stage III

49 (36.3)
69 (51.1)
17 (12.6)

CRRT (+) patients, n (%)
Stage I
Stage II
Stage III

Indications for CRRT, n (%)

47 (34.8)
0 (0.0)

32 (68.1)
15 (31.9)
19 (40.4)
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normality. To compare CRRT (+) and (-) groups, Stu-
dent’s t, Mann‒Whitney U, and chi-square (Fisher’s
exact) tests were used. In CRRT (+) patients, parameters
of the moments of the AKI diagnosis and the pre-CRRT
were compared by using paired Student’s t and Wil-
coxon rank tests. For the likelihood of the initiation of
CRRT, univariate and multivariate Cox regression analy-
ses were used by adding all significantly different param-
eters in the CRRT (+) group. The Enter method was used
in the model. The generalized R2 value for the multivari-
ate Cox regression models was calculated by using 1-
exp(XLR2/n) formula.19 The primary goal was to investi-
gate whether or not the SIG value at the moment of AKI
diagnosis was a predictor for the initiation of CRRT. The
cut-off value and area under the curve (AUC) of SIG for
initiation of CRRT were detected by using ROC analysis.
The estimated power of this study was detected as 1.0
by using the independent t-test for means (as per CRRT
(+) and (-) groups’ sizes [88 and 47], the mean difference
of groups’ SIG levels at the moment of AKI diagnosis
[4.6 mmol L�1] and a = 0.05). SPSS version 28 was
used for all statistical analyses, and the p-value of <0.05
was accepted for significance.
Uremic encephalopathy
Volume overload
Severe metabolic acidosis
Anuria
Severe hyperpotassemia

15 (31.9)
8 (17.0)
3 (6.4)
2 (4.3)

Blood gas and laboratory parameters
at the moment of AKI diagnosed

pH
PaCO2, (mmHg)

HCO3, (mmol L�1)
SBE, (mmol L�1)
Na, (mmol L�1)
Cl, (mmol L�1)

Na-Cl difference, (mmol L�1)
K, (mmol L�1)

Ca, (mmol L�1)
Mg, (mg dL�1)

Lactate, (mmol L�1)
Albumin, (g L�1)

Pi, (mg dL�1)
SIG, (mmol L�1)
AG, (mmol L�1)
Urea, (mg dL�1)

Creatinine, (mg dL�1)

7.39 (7.31-7.47)
36.1 (30.9-44.7)
22.36 § 6.0
-2.3 § 7.0

138 (134-142)
105 (99-109)

33 § 7
4.0 (3.6-4.6)

1.12 (1.6-1.18)
2.1 (1.8-2.5)
1.9 (1.3-3.3)
26 (23-30)
4.7 § 1.8

4.5 (3.5-6.3)
14 (12-17)
99 (72-144)
2.0 (1.5-2.8)

Outcomes
Dialysis requirement, n (%) 15 (11.1)
Length of ICU stay, days 10 (5-21)
Mortality, (%) 37 (27.4)
Mortality in CRRT (+) patients, n (%) 23 (48.9)

AG, anion gap; AKI, acute kidney injury; APACHE, Acute Physiology and
Chronic Health Evaluation; BMI, body mass index; CCI, Charlson Comor-
bidity Index; Cr-corr, creatinine corrected; CRRT, continuous renal
replacement therapy; SOFA, Sequential Organ Failure Assessment
RESULTS
One hundred thirty-five of 147 patients with AKI were

included in the study. Twelve patients were excluded
because CRRT was performed on them at the moment
of AKI diagnosis due to urgent indications. CRRT was
performed on only 47 of 135 patients (35.4 %). The mor-
tality rates for all patients with AKI and only CRRT (+)
patients were 27.4 % and 48.9 %, respectively (Table 1).

Patients with stages I, II, and III numbered 49
(36.3 %), 69 (51.1 %), and 17 (12.6 %), respectively
(Table 1). CRRT was only performed in stage II (32/69;
46.4 %) and stage III patients (15/17; 88.2 %) (Table 1).

In CRRT (+) patients, SOFACr-corr, K, SIG, AG, urea,
creatinine, dialysis requirement, length of ICU stay, and
mortality were significantly higher. In contrast, pH,
PaCO2, HCO3, SBE and albumin were significantly lower
than in CRRT (-) patients (p = 0.042, p = 0.017,
p < 0.001, p < 0.001, p = 0.006, p < 0.001, p < 0.001,
p < 0.001, p < 0.001, p = 0.005, p = 0.035, p < 0.001,
p < 0.001 and p = 0.033, respectively) (Table 2).

For initiation CRRT, the cut-off value of SIG at the
moment of the AKI diagnosis was detected as
≥6mmol L-1. For this cut-off value, AUC (CI 95 %), sensi-
tivity, specificity, positive and negative predictive values,
positive likelihood ratio, and accuracy values were 0.88
(0.81-0.95) (p < 0.001), 0.75, 0.94, 0.88, 0.87, 13.1 and
0.87 respectively.

In the univariate Cox regression analysis,
SIG≥6 mmol L�1, SIG (mmol L�1), SBE, HCO3, urea, cre-
atinine, K, PaCO2, AG, and pH at the moment of the AKI
diagnosis were related to the initiation of the CRRT
(p < 0.001, p < 0.001, p < 0.001, p < 0.001, p < 0.001,
p < 0.001, p = 0.003, p = 0.010, p = 0.017 and p = 0.023
114
respectively) (Table 3). However, in the multivariate Cox
regression analysis Model I and II, the likelihood of per-
forming CRRT was increased 1.16-fold (1.01-1.33) and
4.0-fold (1.9-8.7) by only one mmol L�1 increase in SIG
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Table 2. Comparisons between CRRT (-) and (+) groups at the moment of the AKI diagnosis.

CRRT (-)
(n = 88)

CRRT (+)
(n = 47) p

Age, (year) 80 (71-87) 79 (66-82) 0.199
Male, n (%) 47 (53.4) 30 (63.8) 0.244
BMI 27.2 § 6.7 28.6 § 5.4 0.227
CCI 7 (5-8) 7 (6-8) 0.527
APACHE IICr-corr 20 § 7 22 § 8 0.060
SOFA ScoreCr-corr 6 § 3 7 § 3 0.042
Diagnosis, n (%)

Sepsis
Hypovolemia
Heart failure

71 (80.7)
11 (12.5)
6 (6.8)

32 (68.1)
8 (17.0)
7 (14.9)

0.206

The day that AKI was diagnosed
At the ICU admission 65 (73.9) 37 (78.7)

0.993

AKI stages, n (%)
Stage I
Stage II
Stage III

49 (55.7)
37 (42.0)
2 (2.3)

0 (0.0)
32 (68.1)
15 (31.9)

<0.001

Blood gas and laboratory parameters
pH 7.40§0.09 7.33 § 0.14 0.005

PaCO2, (mmHg) 38.2 (31.3-46.0) 33.1 (30.0-39.2) 0.035
HCO3, (mmol L�1) 23.9§5.2 20.2 § 6.6 <0.001
SBE, (mmol L�1) -0.6§6.0 -5.5 § 7.7 <0.001
Na, (mmol L�1) 139 (135-142) 138 (132-141) 0.105
Cl, (mmol L�1) 106 (101-110) 104 (98-108) 0.172

Na-Cl difference, (mmol L�1) 33§6 33 § 7 0.667
K, (mmol L�1) 3.9 (3.5-4.4) 4.3 (3.8-4.7) 0.017
Ca (mmol L�1) 1.11 (1.06-1.16) 1.14 (1.08-1.20) 0.147
Mg (mg dL�1) 2.1 (1.8-2.6) 2.0 (1.8-2.5) 0.808

Lactate, (mmol L�1) 1.9 (1.3-3.2) 2.0 (1.4-3.5) 0.450
Albumin, (g L�1) 26 (23-31) 25 (22-27) 0.033

Pi, (mg dL�1) 4.5§1.7 5.1§2.1 0.079
SIG (mmol L�1)
AG, (mmol L�1)

3.2 (1.4-4.9)
14 (11-16)

7.4 (5.7-8.8)
17 (15-19)

<0.001
<0.001

Urea, (mg dL�1) 92 (66-132) 121 (87-170) 0.006
Creatinine, (mg dL�1) 1.9 (1.4-2.4) 2.6 (1.8-3.5) <0.001

Outcomes
Duration between AKI and CRRT, (h) - 24 (9-42)
Duration of CRRT, (h) - 144 (72-291)
Dialysis requirement, n (%) 0 (0.0) 15 (31.9) <0.001
Length of ICU stay, days 8 (5-14) 13 (8-28) <0.001
Mortality, (%) 14 (15.9) 23 (48.9) <0.001

AG, anion gap; AKI, acute kidney injury; APACHE, Acute Physiology and Chronic Health Evaluation; BMI, body mass index; CCI, charlson comorbidity index;
CRRT, continuous renal replacement therapy; ICU, intensive care unit; SBE, standard base-excess; SIG, strong ion gap; SOFA, sequential organ failure assess-
ment.

Strong ion gap for CRRT in AKI
and SIG≥ 6 mmol L�1 at the of the AKI diagnosis respec-
tively (p = 0.035 and p < 0.001) (Table 3). In patients with
CRRT (+), Na, Na-Cl difference, Ca, SIG, AG, urea, and
creatinine at the moment of the AKI diagnosis signifi-
cantly differed from the levels at the moment of the pre-
CRRT, whereas pH, PaCO2, HCO3, SBE, K, Cl and Pi

were similar between the two times (Table 4).
DISCUSSION
This study reports two essential results: 1) increased

SIG at the moment of AKI diagnosis was found to be the
Copyright © 2023 The Authors. Published by Elsevier Inc. on behalf of Southern
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd
www.amjmedsci.com � www.ssciweb.org
most notable predictor of the need for CRRT. 2)
Increased organic acids was found to be the most impor-
tant reason for metabolic acidosis in patients with CRRT
(+).

Recent studies have generally concentrated on some
biomarkers and the time between AKI diagnosis and the
initiation of CRRT.2−9,20 We think that these studies
should be discussed from the point of view of optimal
CRRT timing.

Biomarkers such as blood/urine cystatin C, blood/
urine NGAL, KIM-1, and TIMP-2xIGFBP-7 give us some
information about kidney functions in AKI.21 However,
Society for Clinical Investigation. This is an open access article
/4.0/)
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Table 3. Cox regression analysis for the risk of the initiating CRRT in patients with AKI (for variables at the moment of the AKI diagnosis).

Univariate Multivariate Model I Multivariate Model II

HR (CI 95 %) p HR (CI 95 %) p HR (CI 95 %) p

SIG ≥ 6mmol L�1 4.3 (2.2-8.4) <0.001 4.0 (1.9-8.7) <0.001
SIG, (mmol L�1) 1.10 (1.05-1.16) <0.001 1.16 (1.01-1.33) 0.035
SBE, (mmol L�1) 0.90 (0.87-0.94) <0.001 0.90 (0.73-1.11) 0.330 0.96 (0.78-1.16) 0.651
HCO3, (mmol L�1) 0.90 (0.86-0.95) <0.001 0.91 (0.84-1.05) 0.521 0.85 (0.77-1.12) 0.737
Urea, (mg dL�1) 1.01 (1.00-1.02) <0.001 1.00 (0.99-1.01) 0.647 1.00 (0.99-1.01) 0.415
Creatinine, (mg dL�1) 1.41 (1.22-1.62) <0.001 1.17 (0.94-1.46) 0.164 1.13 (0.91-1.40) 0.258
K, (mmol L�1) 1.50 (1.15-1.94) 0.003 0.96 (0.63-1.45) 0.837 0.89 (0.57-1.38) 0.597
PaCO2, (mmHg) 0.96 (0.93-0.99) 0.010 1.00 (0.91-1.10) 0.953 0.96 (0.88-1.05) 0.422
AG, (mmol L�1) 1.06 (1.01-1.12) 0.017 0.92 (0.82-1.04) 0.175 0.97 (0.89-1.04) 0.965
pH 0.67 (0.01-0.69) 0.023 1.01 (0.89-1.14) 0.885 0.98 (0.97-1.09) 0.667
SOFA ScoreCr-corr 1.02 (0.93-1.12) 0.707
Albumin, (g L�1) 0.96 (0.90-1.02) 0.123

AG, anion gap; AKI, acute kidney injury; CI, confidence interval; CRRT, continuous renal replacement therapy; SBE, standard base-excess; SIG, strong ion gap
Enter method was used in the multivariate Cox regression analysis. The omnibus tests significances were <0.001 for both models, and the generalized R2 for
Model I and II were 0.78 and 0.81 repectively.

Gucyetmez et al
biomarker studies have mainly focused on the early pre-
diction of AKI, not of CRRT.21 As for other studies of the
optimal timing of CRRT, their results are controversial
because of their limited number, limited evidence, and
heterogeneous data.6 Finally, the most important limita-
tion of biomarkers is their costs. We did not measure any
biomarkers in this study. This can be accepted as a limi-
tation, but SIG is a more practical and less expensive
parameter. Additionally, SIG could be a biomarker of glo-
merular filtration and tubular secretion of organic acids.
Table 4. Comparison between blood gas and laboratory parameters at the m

at the moment of AKI diag

Patients, n (%)
Duration between the moment of the
AKI diagnosis and CRRT, (h)

Blood gas and laboratory parameters
pH 7.33 § 0.14
PaCO2, (mmHg) 33.1 (30.0-39.2)
HCO3, (mmol L�1) 20.2 § 6.6
SBE, (mmol L�1) -5.5 § 7.7
Na, (mmol L�1) 138 (132-141)
Cl, (mmol L�1) 103§ 8
Na-Cl difference, (mmol L�1) 33§7
K, (mmol L�1) 4.3 (3.8-4.7)
Ca, (mmol L�1) 1.13 § 0.11
Mg, (mg/dL) 2.0 (1.8-2.5)
Lactate, (mmol L�1) 2.0 (1.4-3.5)
Albumin, (g/L) 25 (22-27)
Pi, (mg dL�1) 5.1 § 2.1
SIG, (mmol L�1) 7.4 (5.7-8.8)
AG, (mmol L�1) 17 (15-19)
Urea, (mg dL�1) 121 (87-170)
Creatinine, (mg dL�1) 2.6 (1.8-3.5)

AG, anion gap; AKI, acute kidney injury; CRRT, continuous renal replacement therapy

116
Interestingly, recent notable studies, such as AKIKI-1
and 2, STARRT-AKI, and ELAIN, have only focused on
the interval between the moments of AKI diagnosis and
CRRT.2,3,7,9 However, each study had different defini-
tions for early or delayed strategies. In these studies,
CRRT was generally performed in the 6th, 8th, or 12th

hours after observing urgent indications. This can be
troubling because these studies did not make it clear
why we should wait or not wait. The primary outcome of
these studies was mortality, which cannot be a reason
oment of AKI diagnosis and the pre-CRRT in CRRT (+) patients.

nosis at the moment of the pre-CRRT p

47 (34.8)
24 (9-42)

7.34 § 0.12 0.667
36.8 (29.9-41.9) 0.310

20.6 § 5.5 0.636
-4.9 § 7.0 0.466

140 (135-144) <0.001
104§7 0.255
35§6 <0.001

4.3 (3.76-4.8) 1.000
1.09 § 0.13 0.002
2.2 (1.8-3.0) 0.118
1.8 (1.2-3.3) 0.360
25 (22-29) 0.874
5.0 § 2.1 0.672

9.5 (7.6-12.1) <0.001
19 (17-21) <0.001

163 (112-211) <0.001
2.9 (2.1-4.0) <0.001

; SBE, standard base-excess; SIG, strong ion gap
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Table 5. Patients performed CRRT caused by urgent indications at the
moment of the AKI diagnosis (excluded patients).

Patients, n 12
Age, years 71 § 14
Male, n (%) 7 (63.6)
BMI, (kg/m2) 30.6 § 7.7
CCI 6 § 2
APACHE IICr-corr 24 § 7
SOFA ScoreCr-corr 8 § 4
Diagnosis, n (%)

Sepsis
Hypovolemia
Heart failure

7 (58.3)
2 (16.7)
3 (25.0)

AKI stage, n (%)
Stage I
Stage II
Stage III

0 (0.0)
6 (50.0)
6 (50.0)

Indications for CRRT, n (%)
Uremic encephalopathy
Severe metabolic acidosis (pH<7.2)
Anuria
Hyperpotassemia (K>6.0)

5 (41.7)
4 (33.3)
2 (16.7)
1 (8.3)

Blood gas parameters
at the moment of the AKI diagnosed

pH 7.34 (7.20-7.39)
PaCO2, (mmHg) 34.3 § 9.5

HCO3, (mmol L�1) 16.3 § 5.5
SBE, (mmol L�1) -10.1 § 7.6
Na, (mmol L�1) 139 § 7
Cl, (mmol L�1) 105 § 8

Na-Cl difference, (mmol L�1) 33 § 7
K, (mmol L�1) 4.9 § 0.9

Ca, (mmol L�1) 1.10 § 0.08
Mg, (mg dL�1) 2.2 § 0.6

Lactate, (mmol L�1) 2.3 (1.3-6.4)
Albumin, (g L�1) 25 § 5.0

Pi, (mg dL�1) 5.3 § 1.8
SIG, (mmol L�1) 9.6 (7.5-13.4)
AG, (mmol L�1) 21 § 8
Urea, (mg dL�1) 187 § 99

Creatinine, (mg dL�1) 3.9 § 1.6
Outcomes
Duration of CRRT, hours 167 § 88
Dialysis requirement, n (%) 3 (25.0)
Length of ICU stay, days 15 § 12
Mortality, n(%) 5 (41.7)

AG, anion gap; AKI, acute kidney injury; APACHE, Acute Physiology and
Chronic Health Evaluation; BMI, body mass index; CCI, charlson comor-
bidity index; CRRT, continuous renal replacement therapy; ICU, intensive
care unit; SBE, standard base-excess; SIG, strong ion gap; SOFA,
sequential organ failure assessment.

Strong ion gap for CRRT in AKI
for initiating CRRT. Furthermore, their results about mor-
tality are already controversial in these studies, including
meta-analyses.2,3,6−9 For instance, in one study,
although mortality was similar between the early and
delayed groups, mortality in the delayed group was
higher than that in the early group when excluding all
CRRT (-) patients.3 In that study, all CRRT (-) patients
were in the delayed group, and there was no explanation
why these patients did not need CRRT. In another
review, the authors suggest “not too early, not too late,
but just at the right time for each specific patient”.20

What does “the right time” mean? How can we deter-
mine “the right time”? In our opinion, the study’s primary
outcome regarding this topic should be searching for a
predictor of the need for CRRT, not mortality or an
unclear time. Our study demonstrates that SIG levels
could be one of the parameters to indicate the right time
for initiating CRRT in AKI.

In our study, the most crucial difference between
CRRT (+) and (-) patients at the moment of the AKI diag-
nosis was metabolic acidosis due to lower pH, HCO3,
and SBE (Table 2). Two main reasons for metabolic aci-
dosis in AKI are known: hyperchloremia and high
UAs.13,14,22 We did not observe hyperchloremia in our
CRRT (+) patients (Table 2). Lactate could not be a rea-
son for acidosis because it was similar between the
groups (Table 2). On the other hand, the urea level of
CRRT (+) patients at the moment of the AKI diagnosis
was significantly higher than that of CRRT (-) patients
(Table 2). However, urea is a neutral molecule and cannot
be a reason for metabolic acidosis.23 Given these cir-
cumstances, the only reason for metabolic acidosis in
CRRT (+) patients can be high UAs caused by deterio-
rated glomerular filtration and secretion of organic acids.
Furthermore, when we compared parameters at the
moments of the AKI diagnosis and the pre-CRRT in
CRRT (+) patients, the only reason for metabolic acidosis
was an elevated SIG at both times (Table 4). Additionally,
SIG was significantly increased at the moment of the
pre-CRRT over the AKI diagnosis. Indeed, AG is also
used to determine UAs. However, it should be corrected
for albumin, at least.24 Moreover, if it is fully corrected, it
becomes SIG. For this reason, SIG seems like a better
marker than AG in this study (Table 3).

In Table 4, increases in Na and the Na-Cl difference
point to an alkaline effect, probably due to sodium bicar-
bonate usage until CRRT. Increases in cations at the
moment of pre-CRRT, especially in Na, explain the simi-
lar pH, HCO3, and SBE at both moments, although SIG
was higher at that time. At the same time, this result indi-
cates that administering cations such as sodium bicar-
bonate may regulate pH or HCO3 levels; however, it
cannot change the existence of the increased organic
acid. Obviously, if the reason for the acidosis is
increased organic acids, the only way to correct this situ-
ation is to remove them from the body by the kidney itself
or an artificial filter. We believe that SIG levels can show
the need for an artificial filter. Removing UA with CRRT
Copyright © 2023 The Authors. Published by Elsevier Inc. on behalf of Southern
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd
www.amjmedsci.com � www.ssciweb.org
by itself would not change the prognosis; however, it is
the presence of CRRT use that likely makes the differ-
ence, where removal of SIG is just a marker of being a
marker on CRRT.

On the other side, SIG levels in 12 excluded patients
to whom CRRT was performed at the moment of AKI
Society for Clinical Investigation. This is an open access article
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diagnosis due to urgent indications and 47 patients to
whom CRRT was performed a few hours later (median
value: 24 hours) from AKI diagnosis were similar (9.6
[7.5-13.4] mmol L�1 and 9.5 [7.6-12.1] mmol L�1, respec-
tively) (Table 4 and 5). If the elevated SIG at the moment
of the AKI diagnosis is an independent predictor of
the need for CRRT, delaying the CRRT in those
patients means that these patients will be exposed to
an ever-increasing organic acid load, and CRRT will be
inevitable.
CONCLUSIONS
Increased SIG was found to be the most important

reason for metabolic acidosis in AKI. Increased SIG at
the moment of AKI diagnosis was found to be a predictor
for the initiation of CRRT in patients with AKI. Moreover,
it could be a suitable marker that indicates the ‘right
time’ for initiating CRRT, especially if its value is over
6 mmol L�1 at the moment of the AKI diagnosis. For
these reasons, we suggest that SIG should be insistently
and carefully monitored during AKI.
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