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Abstract

Background Patients undergoing high-risk surgeries with acid-based disorders are associated with poor outcomes.
The screening of mixed acid-based metabolic disorders by calculating delta anion gap (AG)/delta bicarbonate (Bic)
has a clinically relevant role in patients with high AG metabolic acidosis (MA), however its utility in individuals facing
high-risk surgical procedures remains unclear.

Objective Characterize metabolic acidosis using delta-AG/delta-Bic and its associations in patients undergoing high-
risk surgeries with possible outcome-related complications.

Design Prospective observational multicentric study.
Setting Three tertiary hospitals in Brazil.
Patients Patients undergoing high-risk surgeries, aged 18 years or older, requiring postoperative critical care.

Main outcome measures Patients undergoing high-risk surgeries monitored during the postoperative phase across
three distinct intensive care units (ICUs), with assessment encompassing laboratory analyses upon admission and

24 h thereafter. Patients with MA and with elevated AG within 24 h were separated into 3 subgroups: [G1 - delta-AG/
delta-Bic < 1.0] MA associated with hyperchloremia; [G2 — delta-AG/delta-Bic between 1.0 and 1.6] MA and no mixed
disorders; and [G3 — delta-AG/delta-Bic > 1.6] MA associated with alkalosis. Primary endpoint was 30-day mortality. The
secondary endpoints were cardiovascular, respiratory, renal, neurological, coagulation and infective complications.
Results From the 621 surgical patients admitted to ICU, 421 (51.7%) had any type of acidosis. After 24 h, 140 patients

remained with MA with elevated AG (G1: 101, G2: 18, and G3: 21). When compared to patients from subgroups 1 and
3, the subgroup with no mixed disorders 2 showed higher 30-day mortality (adjusted HR=3.72; 95% CI 1.11-12.89,
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ICU period (p=0.021).

population.
Key points

p=0.001), cardiovascular complications (p=0.001), ICU mortality (p=0.03) and sum of all complications during the

Conclusion In the postoperative time, patients with metabolic acidosis and no mixed disorders present higher
ICU-Mortality and higher cardiovascular postoperative complications when compared with patients with combined
hyperchloremia or alkalosis. Delta-AG/delta-Bic can be a useful tool to evaluate major clinical outcomes in this

In the context of high-risk surgeries, patients experiencing metabolic acidosis accompanied by an elevated
anion gap exhibit a reduced likelihood of survival in the intensive care unit (ICU).

The application of the delta-AG/delta-Bic ratio for assessing mixed disorders in patients with elevated anion
gap acidosis during the early postoperative phase proves to be a valuable and clinically relevant tool.

A subgroup of patients presenting metabolic acidosis accompanied by an elevated anion gap although
without associated disorders, demonstrate a poorer clinical prognosis within the ICU setting.

Keywords Anion gap, Critical care, Metabolic acidosis, Surgery, Intensive care

Introduction

The maintenance of the acid-base balance during the
perioperative period is vital to maintain homeostasis of
diverse physiological conditions which have direct impli-
cation on surgical outcome. Metabolic acidosis (MA)
developed both intraoperatively and postoperatively has
been associated with worse clinical outcomes with sig-
nificantly increased mortality and morbidity [1-5]. The
rapid transition to an acidic milieu engenders disrup-
tions in coagulation [6], oxygen delivery [7], vasopressor-
receptor coupling [8], and intracellular signaling [9], thus
culminating in the onset of organ dysfunction among
surgical patients [10].

Surgical and critically ill patients are at higher risk to
develop MA with increased anion gap (AG) or with nor-
mal AG (hyperchloremic) [1]. A common cause of high
AG MA in the perioperative period is increased lactate
due to tissue malperfusion [11]. Conversely, in these pop-
ulations, hyperchloremic acidosis arises as a prevalent
consequence of chloride-rich solutions employed for vol-
ume replacement, a measure to avert tissue damage [4,
5, 12]. Both forms are associated with increased 30-day
mortality and organ dysfunction [1, 2, 4, 5, 12]. Never-
theless, MA may be accompanied by other acid-base dis-
orders [1, 2, 13-16]. One way to assess such disorders is
to calculate the delta anion gap ratio (delta-delta), which
is ratio between AG increase above expected AG to the
decrease in bicarbonate ion (Bic) below the baseline
(delta-AG/delta-Bic=AAG / AHCO3").The relationship
between the increase in AG and the change in bicarbon-
ate is effective in identifying mixed disorders in meta-
bolic acidosis, however, it should be used in conjunction
with other clinical and laboratory parameters to correctly
diagnose underlining disorders in metabolic acidosis
[17, 18], further exploration is required to investigate the
utility of delta-AG/delta-Bic in identifying acid-base dis-
orders among surgical patients experiencing metabolic

acidosis and its potential implications on prognostic
outcomes.

This prospective multicentre study focuses on patients
undergoing high-risk surgical interventions and aims to
characterize MA using the delta-AG/delta-Bic classifi-
cation to evaluate the possible presence of subgroups of
patients with elevated anion gap metabolic acidosis and
mixed disorders. The study examines outcomes within
the first 24 h after surgery and analyses how these find-
ings correlate with 30-day mortality and other clinically
significant outcomes.

Methods

This prospective multicentre observational study was
based on a database of patients undergoing high-risk
surgeries who need postoperative ICU from three ter-
tiary hospitals in Brazil, collected from January 2019
to December 2019. This project was approved by the
Ethics Committee for the Analysis of Research Proj-
ects of the Hospital das Clinicas (HC-FMUSP), Hospi-
tal do Servidor Publico Estadual (HSPE) - IAMSPE/SP
and Hospital do Cancer de Barretos, being registered
under number CAAE — 28520820.1.0000.0068 and was
conducted according to the Helsinki declaration and
STROBE guidelines [19]' [20].This study is registered in
the Brazilian trial register (REBEC, Trial-ID U1111-1296-
3626).The methodology used in this study was based on
a previous study by conducted by our research group [1,
2]. We adapted the criteria previously outlined published
elsewhere [2, 21] to identify high-risk surgeries and
patients.

Study population

We included patients aged 18 or older who were admitted
to the ICU after undergoing high-risk non-cardiac sur-
gery during the designated study period. All participants
provided informed consent, and if they were unable to do
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so, consent was obtained from a legal representative or
family member. Exclusion criteria consisted of ICU stays
lasting less than 24 h (Exclusion Criteria Afterward: For
patients whose ICU stay ends up being less than 24 h, the
exclusion criterion is applied retrospectively), reduced
life expectancy, Chronic Obstructive Pulmonary Disease,
hepatic insufficiency categorized as Child-Pugh B or C,
prior renal insufficiency defined as KDIGO<G3a (cre-
atinine clearance below 59 mL/min/1.73 m?), previously
diagnosed diabetes (both type I and II), or two blood
sugar measurements exceeding 126 mg/dL after an eight-
hour fasting period around the time of surgery[22]. Fig-
ure 1 shows the study setup.

Delta anion gap/delta bicarbonate calculation

Patients were categorized as either having metabolic aci-
dosis (MA) or nonmetabolic acidosis, which was deter-
mined by an arterial base excess difference of less than
than —2.0 mmol I"! and pH<7.35[23]. The anion gap (AG)
measurement was adjusted for albumin to enhance prac-
ticality in daily clinical practice and improve the accuracy
of the technique compared to using the uncorrected AG
[24]. . The correction was performed using the formula:
Corrected AG=calculated AG+2.5%x(4.5 - measured
albumin)®. The correlation with the bicarbonate variation

Second stage
24 hours of admission to
the ICU

First stage
ICU admission
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was considered normal when falling within the range of 1
and 1.6 [25].

Following the assessment of base differences within
the initial 24 h postoperatively, the selected patients were
initially categorized into two groups: those with MA and
those without. Simultaneously, among those with MA,
further analysis was conducted based on their AG, result-
ing in two subgroups: MA with an increased AG and MA
with an unchanged AG. For patients in the increased AG
group beyond the initial 24 h, the delta-AG/delta-Bic
ratio was calculated and used to create three new groups
based on the obtained results. The choice of the 24-hour
period after ICU admission was deliberate to account for
the potential impact of initial patient care and the natu-
ral physiological changes in the acid-base balance during
this timeframe.

The delta-AG/delta-Bic calculation was carried out
within the first 24 h following admission to the ICU con-
sidering the estimated normal values of the variables
according to the literature used as well as the laboratory
values considered normal (AG=12, and Bicarbonate=24
mmol 171) [17, 26] and their differences with the result
found after 24 h, resulting in the formula:

DeltaAG B correctedAG — 12

DeltaBic 24 — HCO3~
Third stage Fourth stage
length of stay 30-day / or hospital
inICU discharge

demographic data, arterial blood

intraoperative data, gas, serum
laboratory data (arterial lactate, anion
blood gas, serum lactate, GAP, sodium,

anion GAP, sodium,

chlorine, albumin),
baseline clinical scores

(SAPS 3 and ASA)

chlorine, albumin

4..------.-

evaluation of complications,

30-day mortality
hospital mortality
length of hospital stay

length of ICU stay and ICU
mortality

calculation of delta AG/Delta Bic

correlation of Delta AG/Delta Bic with complications,
SAPS 3, 30-day mortality, hospital mortality, ICU and

hospital length of stay

Fig. 1 Represent the Study setup according to the timeline and the respective collected data. ICU: intensive care unit
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Study groups based on the delta-AG/delta-Bin sub-division
Consequently, three groups were assessed based on the
value of this ratio: [Group 1 — delta-AG/delta-Bic<1.0]
indicating metabolic acidosis associated with hyper-
chloremia; [Group 2 — delta-AG/delta-Bic between 1.0
and 1.6] denoting metabolic acidosis without mixed
disorders; and [Group 3 — delta-AG/delta-Bic>1.6] sig-
nifying metabolic acidosis associated with alkalosis [25].
Additionally, the specific disorder identified based on
delta-AG/delta-Bic values was correlated with the com-
plications experienced during the patient’s stay in the
ICU or hospital.

Study endpoints

The primary objective of this study was to assess in-
hospital mortality (30-day mortality and ICU mortality).
Secondary objectives included the evaluation of cardio-
vascular, respiratory, renal, neurological, coagulation, and
infective complications. The study followed all enrolled
patients throughout their hospitalization until discharge,
extending the observation period to 30 days post-surgery.

Definition of complications

a) Cardiovascular: need for vasopressor for more than
one hour despite volume resuscitation [27].

b) Respiratory: PaO/FiO, <200 in patients without
prior respiratory disease, need for reintubation or
difficulty in removing from mechanical ventilation
during the postoperative period related to failure
in the extubation process, even after successful
spontaneous breathing on mechanical ventilation
according to the institutions’ protocols [28].

¢) Renal: creatinine increase > 0,3 mg/dl after ICU
admission or urine output less than 400 ml in 24 h or
need for dialysis during ICU stay [29].

d) Neurological: RASS score acutely fluctuating and
different from zero within 24 h. Agitation was
determined with RASS score greater than or equal to
+2[30].

e) Coagulation: 30% drop in platelets compared to the
initial ICU admission value, reaching values below
100,000 uL.~! associated with spontaneous bleeding
[6].

f) Infective: classified according to the location of
the infectious focus, etiologic agent, and severity.
Characterization of the focus and infectious agents
were based on the Center for Disease control and
prevention (CDC) criteria [31].

Statistical analysis
The prior studies [1, 2] informed the sample size estima-
tion. Acidosis-associated mortality was 15% in the pilot
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study, compared to 2% without acidosis. These rates align
with general (~5%) and high-risk surgical patient mortal-
ity (15%) [2, 32, 33]. Using a 1:1 ratio based on pilot data
and clinical significance, we calculated the sample size
needed to detect 15% acidosis-related and 5% non-acido-
sis-related mortality differences. 95% CI and 80% power
indicated a need for >310 patients (=155 per group) to
compare 30-day mortality (MedCalc 11.5.1; sampling:
proportions). Categorical variables were described using
frequencies and percentages, while quantitative variables
were characterized using measures of central tendency
and dispersion (median and corresponding interquartile
range). Asymmetrically distributed continuous variables
were assessed using the Mann-Whitney and Wilcoxon
tests for pairwise comparisons, and the Kruskal-Walli’s
test for multiple comparisons. Normally distributed con-
tinuous variables were analyzed using the ANOVA test.
Linear trend Chi-square tests were employed for categor-
ical variables. All statistical tests were two-tailed, with a
significance level of 0.05. Correction for multiple analy-
ses was performed using the Bonferroni method [34].
The comparability of groups was examined for age, SAPS
3 through analysis of variance (ANOVA), and the distri-
bution of patients by sex [35]. Moreover, survival esti-
mates extending beyond the initial 30-day period were
generated using an adjusted Kaplan-Meier curve (e.g.,
sex, age, SAPS 3 prognosis score), achieved through Cox
regression. The statistical significance of observed trends
was evaluated utilizing the Mantel Cox test to discern
linear patterns. Missing data were minimal in our study
and were perceived to be missing at random. To address
this, we employed pairwise deletion.

Results

Study population

Figure 2 shows the study population. After surgery, 621
patients admitted to the ICU after surgical procedures
were evaluated. On ICU admission, 300 (48.3%) patients
presented without acidosis according to the used crite-
ria, and 321 (51.7%) presented some type of acidosis. Of
these, 201 (32.4%) had high AG and 120 (19.3%) of them
had hyperchloremic acidosis.

Patient characteristics

Table 1 shows the demographic data of the patients 24 h
after surgery. From the entire population, 421 (67.8%)
patients had no acidosis and 200 (32.2%) met the criteria
for the acidosis group. Of the 200 patients with acidosis,
60 (9.7%) had hyperchloremic MA and 140 (22.5%) had
MA with high albumin corrected AG. Figure 4. A sum-
marizes the percentage of patients in each group in time-
points 0 h and time 24 h and Fig. 4.B Subgroups based on
the delta-AG/delta-Bic sub-division.
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2638 patients admitted
to the ICU

1839 patients with
exclusion criteria:
e 779 Diabetes mellitus

o 552 Previous renal
insufficiency*

e 118 stay less than 24
hours in ICU

o 114 with liver failure
(chronic or acute)

e 16<18years

o 222 refused to
participate in the study

799 enrolled patients

79 patients with acidosis
with incomplete data

99 patients without
acidosis with incomplete
data

200 patients with
acidosis

421 patients without
acidosis

140 patients
with increased
anion gap

acidose

60 patients with
hyperchloremic

Fig. 2 Study population

Table 1 Demographic variables evaluated at ICU admission

Entire No Normal In- P
Popula- acidosis AG- hyper- creased value
tion (n=421) chloremia AG
(n=621) (n=60) (n=140)
Age (years) 63 (46-74) 63 63 (46-74) 63 0.96
(50-74) (48-74)
Male, n (%) 312(50.3) 218(51.8) 31(50.8) 67 (45.7) 046
Weight (kg) 70 70 71(64-80) 718 0.98
(63.5-80)  (63-80) (65-79)
Height (cm) 163 163 163 163 017
(160-169)  (161.7— (160-169.5)  (160-165)
170)
General 459(73.9) 311 (73.9) 45(74.1) 104 (74.0) 0.24
anesthesia,
n (%)
Caucasian, 478 (76.9) 318 (75.6) 41 (67.2) 119 (85.0) 0.09
n (%)
AG=Anion Gap

Table 2 shows the surgical profile of the patients 24 h
after surgery. The SAPS 3 score showed a mean of 38 for
patients without acidosis, 41 for patients with hyper-
chloremic acidosis, and 43.5 for patients with high AG
(p<0.05).

Patients undergoing gastrointestinal surgery were asso-
ciated with higher percentages of MA with elevated AG,
being 52.6% versus 33.3% with normal GA and 31.6%
without acidosis (p<0.05).

Overall survival analysis

Figure 3A shows a Kaplan-Meier curve at 30 days for the
entire population and 3B according to the subgroups.
The presence of MA with increased AG (HR=2.11; 95%
CI 1.22 to 3.64), SAPS 3 (HR=1.03; 95% CI 1.02 to 1.05)
and ASA (HR=1.63; 95% CI 1.25 to 2.14) were factors
strongly associated with 30-day mortality, adjusted for
time of surgery (p=0.17), type of surgery (p=0.25) and
participating centers (p=0.45).

Delta-AG/delta-Bic analsys
Figure 4.B shows the patient profile based on the delta-
AG/delta-Bic sub-analysis. Of the patients with MA with
elevated AG, delta-AG/delta-Bic was calculated, and
they were divided into 3 groups: [Group 1 — delta-AG/
delta-Bic<1.0] MA associated with hyperchloremia 101
(72.1%) patients; [Group 2 — delta-AG/delta-Bic between
1.0 and 1.6] MA and no mixed disorders with 18 (12.9%)
patients; and [Group 3 - delta-AG/delta-Bic>1.6] MA
associated with alkalosis and with 21 (15%) patients.
Table 3 shows the intraoperative characteristics of
the new sub-division based on delta-AG/delta-Bic. The
group 1 (MA associated with hyperchloremia) presented
significant higher values of total intraoperative 0.9%
saline solution volume, mechanical ventilation require-
ment and PaCO, and chloride values when compared
with the groups 2 and 3.
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Table 2 Surgical profile, SAPS 3 and ASA scores from the groups at ICU admission

Variables Entire population (1=621) No acidosis (1=421) Normal AG- hyperchloremia (n=60) Increased AG  P-value
(n=140)
Surgeries, n (%) 0,03
Gastrointestinal, n (%) 226 (36.4) 133(31.6) 20(33.3) 74 (52.6)*
Vascular, n (%) 78 (12.5) 57 (135 7(11.7) 13(9.6)
Orthopedics, n (%) 83(13.3) 64 (15.2) 6 (10.0) 12 (8.9)
Neurological, n (%) 72(11.6) 50(11.8) 7(11.7) 16 (11.1)
Urological, n (%) 30 (4.8) 21(5.1) 3(5.0) 5@3.7)
Others, n (%) 133(214) 96 (22.8) 17 (28.3) 20 (14.0)
SAPS 3 40 (31-52) 38 (30-50) 41 (30.5-49) 43.5%(32.5-57) 0.003
ASA, n(%) 0.12
P1 89 (14.4) 58(13.8) 9(14.5) 23 (16.4)
P2 302 (48.6) 214 (50.8) 36 (60.0)* 52 (36.9)
P3 174 (28.0) 117 (27.8) 9 (14.5)* 48 (34.4)
P4 45(7.3) 26 (6.2) 5(9.1) 14 (9.8)

Legend n=number of individuals in groups

*represents Bonferroni correction P<0.05 different from the group without metabolic acidosis. Values in parentheses represent median (25-75 interquartile range)

AG represents anion gap; ASA=American Society of Anesthesiology classification; min= minutes; SAPS 3= Simplified Acute Physiology Score 3

A
40+ Metabolic acidosis with elevated anion gap
— Hyperchloremic acidosis
==~ Non-acidosis

304 HR=2.11; 95% Cl 1.22- 3.64
S
-
® HR= 1.59; ILS% Cl0.71-3.53
3 I
G 20
2
B
I}
Q
e
o

10

[
0 Days
No. at Risk 0
— 140 124 9% 81 54 44 40
— 60 56 47 3 25 17 14
421 367 257 188 158 128 108

B
60— Metabolic acidosis without associated disorder
— Metabolic alkalosis associated with acidosis

—- Associated hyperchloremic acidosis
HR= 3.72; 95% C1 1.11- 12.39

40-]

HR= 2.30; 95% C1 0.61- 8.61

Probability of death (%)

20-] I

-1

T Days
No. at Risk 0 10 20 30 Y
18 9 3 2
101 54 22 19
- 21 8 2 2

Fig. 3 A Kaplan-Meier curve was constructed for the 30-day period, illustrating distinct groups: those without acidosis, those with hyperchloremic aci-
dosis, and those with elevated anion gap. The curve's values were derived from a Cox regression model. Additionally, a separate Kaplan-Meier curve was
generated for various types of metabolic acidosis with an elevated anion gap and mixed disorders, also based on the Cox regression model

Survival analysis based on the delta-AG/delta-Bin sub-
division

Figure 3 shows the Kaplan-Meier curve at 30 days for
the different types of MA with elevated AG. The pres-
ence of MA with increased AG without mixed disorders
(group 2) had a higher risk of death during the 30 days
(HR=3.72; 95% CI 1.11 to 12.89).

Secondary endpoints

Table 4 shows the diverse perioperative complications.
Comparing the MA groups for complications occur-
ring in the ICU, the MA group without mixed disorders
(group 2) showed a higher association with cardiovascu-
lar complications (p<0.01), ICU mortality (p=0.03) and
in the sum of all complications during the ICU period

(p=0.02). There were no significant differences regarding
the other complications.

Discussion

In this prospective multicentre observational study, dur-
ing the postoperative period, the presence of metabolic
acidosis demonstrated an inverse relationship with sur-
vival in high-risk surgical patients, particularly in cases
where metabolic acidosis with an elevated anion gap.
When examining patients with metabolic acidosis and
concurrent mixed disorders, the application of the
Delta-AG/delta-Bic calculation revealed distinct out-
comes. Specifically, patients experiencing metabolic aci-
dosis without accompanying mixed disorders displayed
high risk to ICU mortality and an increased occurrence
of postoperative complications, as opposed to those
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Fig. 4 (A) -Represents the percentage of patients in each group in the study timepoints 0 h and time 24 h. (B) -Represents patient Subgroups based
on the delta-AG/delta-Bic sub-division. (C)- Represents pH, base differences, arterial lactate, and serum albumin levels at admission (0 h) and after 24 h
(24 h). (D)-Represents the levels of chloride and sodium in mEg/L at admission and after 24 h, showing little change.(E)- the PCO, and bicarbonate levels
in mmHg and mmol/L respectively, measured at admission and after 24 h
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Table 3 Characteristics of intraoperative care until 24 h of ICU admission for patients with high anion gap only
Variables Metabolic acidosis Associated hyper- Associated metabol- Total
without associated  chloremic acidosis icalkalosis (n=21)  (n=140)
disorder (n=18) (n=101)
Intraoperative
Number of Intraoperative Blood Transfusion, n (%) 4.5 (25.0) 31(30.9) 4(21.1) 40 (28.7)
Total intraoperative 0.9% saline solution (ml) 1250.0 (750.0- 2250.0)  3000.0 2250.0 3000.0
(1500.0- 4500.0)* (2000.0- 3000.0) (1500.0-4000.0)
Total ringer lactate received intraoperatively (ml) 2500.0 (1625.0- 5500.0) 2000.0 (1000.0- 3000.0) 1500.0 2000.0
(1000.0- 3250.0) (1000.0-3250.0)
Total colloids (3rd generation) received intraoperatively 750.0 (500.0-1250.0) 500.0 (500.0-1000.0) 500.0 (250.0-500.0) 500.0
(ml) (500.0-1000.0)
Surgical time (hours) 295.0 (210.0- 360.0) 296.5 (240-375) 290 (180.0- 360.0) 260

24 h after ICU Admission

(225.0- 298.25)

MV Requirement 9 (50) 38(38)* 14 (66.7) 61 (43.9)
pH 7.29(7.23-7.33) 729 (7.25-7.31) 7.28(7.21-7.32) 7.29(7.25-7.32)
Base differences (mmol I71) -6.3(-9.0- -4.5) -7.8(-10.9--5.1) -4.4(-9.5- -3.25) -7.0(-10.1- -4.5)
PaCO, (mmHg) 43.7+69 385+7.7% 44.7+79 403+74
Serum sodium 1432+6.7 1409+39 143666 141.6+4.7
Serum albumin 25405 27+06 26+0.7 26106
Arterial lactate (mmol ™) 2.3(1.8-39) 2.0(1.35-3.05) 2.2(1.15-3.32) 2.15(14-3.1)
Delta Anion gap/ Delta HCO;™ 126 (1.1-14) 0.36 (0.19-0.6)* 2.3(1.8-4.2)* 0.55(0.25-1.1)
Corrected AG 17.7 (14.6-19.8) 13.5(129-152) * 17.7 (15.8-26.6) 13.0 (12.0-15.2)
Chloride (mEq 17" 1M11.1+7.1 113.1+46 106.3+8.1* 111.8+58
Legend n=number of individuals in groups
“represents Bonferroni correction P<0.05 different from the group without associated disorder
Values in parentheses represent median (25-75 percentile)
AG represents anion gap; mL=milliliters; mmol I-1= millimol per liter; MV = mechanical ventilation; AG = anion gap
Table 4 Main complications and their correlation with delta-AG/delta-Bic classification
Complications Metabolic acidosis Associated hyper- Metabolic alkalosis Total P-
without associated chloremic acidosis  associated with acidosis (n=140) value
disorder (n=18) (n=101) (n=21)
Sum of Associated Complications 17 (94.4) 75 (74.3) 13(61.9) 105 (75) 0.021
Cardiovascular, n (%) 17 (94.4) 60 (594) 9(429) 86 (61.4) 0.001
Neurological, n (%) 6(333) 20(19.8) 5(23.8) 16 (22.1) 0.522
Respiratory, n (%) 5(294) 22(21.8) 8(38.1) 35(25.2) 0457
Renal, n (%) 8(41.2) 30(29.7) 4(19) 41(29.5) 0.138
Coagulation, n (%) 5(27.8) 13(12.9) 2(9.5) 20(14.3) 0.118
Infection, n (%) 8(41.2) 40 (39.6) 11(524) 58 (41.7) 0444
ICU mortality, n (%) 8(44.4)* 18(17.8) 4(19.0) 30(214) 0.038
Hospital mortality, n (%) 8 (44.4) 27 (26.7) 7(33.3) 42 (30.0) 0.299
ICU time (days), n 50(3-98) 50(2-10) 4.0 (1.75-1.25) 4.0 2-7) 0.748
Mechanical ventilation time (days) 1.5(0-3) 0.0 (0.0-5.0) 2.0(0-5.5) 0.0 (0.0-3.30) 0.554
Hospital time (days) 16 (7.75-22.25) 17 (10-32.5) 16.5 (8.5-22.5) 15 (8-27) 0.527

Legend n=number of individuals in groups

“represents Bonferroni correction P<0.05 different from the other groups; Values in parentheses represent median (25-75 percentile)

AG represents anion gap; ICU = Intensive Care Unit. Each patient could have more than 1 complication

presenting with a combination of hyperchloremia or
alkalosis.

Our findings are consistent with those observed in our
prior study and other investigations conducted on high-
risk surgical and critically ill patients [1, 2, 4, 5, 16]. Over
half of the patients experienced postoperative acidosis,

with the most prevalent type being MA characterized by
an elevated anion gap. Metabolic acidosis has been iden-
tified as a contributing risk factor for unfavourable out-
comes in major surgical procedures [1, 2, 5], particularly
those involving the gastrointestinal tract, which was the
predominant occurrence of metabolic acidosis in our
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analysis. The presence of high AG, in our study, most
discriminates the correlation with survival of patients.
In our study, the elevated anion gap emerges as the pri-
mary discriminator in relation to patient survival. It is
noteworthy that specific factors associated with gastro-
intestinal tract surgeries, including the administration
of substantial volumes of saline solution, accumulation
of lactate, and depletion of bicarbonate through surgical
drainage, are likely contributors to the heightened occur-
rence of metabolic acidosis observed within this distinct
patient subgroup [36].

The presence of metabolic acidosis, whether character-
ized by elevated levels of chloride (hyperchloremia) or
indicated by an increased AG, has been associated with
increased morbidity and mortality among surgical and
critically ill patients [1, 2, 5]. The simple differentiation
between these two types of acidosis has demonstrated
prognostic significance and serves as a risk indicator for
the development of organ dysfunctions, such as acute
kidney injury, across multiple studies [2—-4, 12, 14, 16,
21]. Additionally, the initial computation of serum AG
within ICU patients is proposed as a sensitive and spe-
cific tool for predicting outcomes [16]. Evidence indicates
that patients presenting with elevated AG values exhibit
a greater frequency of hospital admissions, heightened
rates of ICU admission, and augmented severity of ill-
ness, independent of concurrent electrolyte abnormali-
ties [37]. However, the simple assessment of acidosis by
AG calculation has its limitations [38, 39]. To sustain
anionic equilibrium, diverse compensatory mechanisms
take place, encompassing the exchange, movement, or
transformation of anions, often in response to changes in
external conditions or internal factors. Therefore, most
of the time metabolic acidosis is accompanied by mixed
disorders [23, 25]. In patients with type two diabetes mel-
litus presenting with metabolic acidosis, the calculation
of delta-AG/delta-Bic proved useful in discriminating
associated disorders and their associations with clinical
outcome, however, it is crucial to note that this diagnos-
tic tool actually is subject to the influence of many factors
and should be used only very cautiously and then only as
one piece of information among many [18, 40]. The delta-
AG/delta-Bic proved to be a feasible tool to discrimi-
nated mixed acidosis disturbance in trauma patients [41].
To our knowledge, our study represents the first use of
this clinical tool in a patient with high surgical risk.

In the current investigation, upon stratifying subjects
according to the delta-AG/delta-Bic ratio, it became
apparent that ratios below 1.0 (indicative of associated
hyperchloremia) were associated with the least pro-
nounced deviations from baseline values. This obser-
vation could potentially be linked to increased volume
replacement and a decreased occurrence of inadequate
tissue perfusion. Importantly, mortality within this study
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displayed a noteworthy correlation with the Delta-AG/
delta-Bic ratio. It is of significance that patients present-
ing MA alongside an elevated anion gap, yet without
concurrent associated disorders, exhibited a heightened
frequency of mortality within the ICU setting when com-
pared to patients with accompanying disorders. One
plausible explanation for this observation is the existence
of a subgroup of patients with sluggish compensatory
mechanisms that may not become apparent within the
initial 24 h following surgery. However, further preclini-
cal investigations are required to delve into this poten-
tial pathophysiological link and clinical investigations to
better characterization of a subtype of patients with slow
compensatory mechanism. Additionally, another contrib-
uting factor is the variation in treatment administered
to the collective. This discrepancy could be attributed to
the notion that associated disorders (hyperchloremia or
metabolic alkalosis) might be instigated by unintentional
intraoperative interventions, such as excessive saline
solution administration ' or blood transfusion [9, 13].
As aresult, the correction of these imbalances during the
hospitalization period occurs more swiftly and effectively,
thereby yielding improved outcomes for these patients.

In relation to complications occurring within the
ICU, cardiovascular complications were more promi-
nent among patients with MA in the absence of associ-
ated disorders, in comparison to the other groups. Prior
research has previously documented that metabolic aci-
dosis assumes the role of a distinctive cardiovascular risk
factor among individuals with chronic kidney disease,
primarily due to its detrimental impact on the cardiovas-
cular system [42]. This includes factors such as inflam-
mation, which contributes to endothelial dysfunction, as
well as the activation of the renin-angiotensin-aldoste-
rone system [42]. In addition, acidosis influences reduc-
ing cardiac contractility and reduces the cardiac response
to beta-adrenergic stimuli [8].

In the context of surgical and critically ill patients,
hyperchloremic MA has been established as being linked
to the development of acute kidney injury, as demon-
strated in a previous study %) Consequently, we ini-
tially anticipated a stronger association of this outcome
within the hyperchloremic MA group. However, our
study revealed a higher incidence of kidney injury among
patients with metabolic acidosis featuring an elevated AG
but not accompanied by associated disorders. Intrigu-
ingly, the correlation between ICU-related kidney injury
and a Delta-AG/delta-Bic ratio less than 1 was not evi-
dent. This lack of correlation may potentially be attrib-
uted to the intensive care provided during the initial 24 h
[16] and later onset of this organ dysfunction [43]. Fur-
ther studies with longer observation time are needed to
assess this issue.
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Study strength and limitations

The study’s outcomes require consideration within the
context of inherent limitations. First, the study’s obser-
vational nature lacked a predetermined intraoperative
treatment protocol. Second, our definition of metabolic
acidosis may not be as sensitive to detect patients in the
early stages of acid-base disturbance. Further, the lim-
ited postoperative observation duration hindered com-
prehensive assessment of certain organ dysfunctions, as
acute renal failure. Additionally, the study did not explore
acidosis’s potential impact on adjunct therapeutic modal-
ities, including vasopressors. Finally, the application of
the delta-AG/delta-Bic ratio is considered a feasible tool
in assessing acid-base disorders; however, it is crucial to
exercise caution as acid-base metabolism is complex, and
the use of delta-AG/delta-Bic should be approached judi-
ciously, recognizing its limitations in the accurate diag-
nosis of mixed acid-base disorders within the realm of
scientific understanding. It is advised that the delta-AG/
delta-Bic ratio not be utilized in isolation but rather in
conjunction with additional clinical and laboratory data
for the diagnosis of conditions entailing mixed metabolic
acidosis. Further research is warranted to ascertain the
efficacy of this formula when applied singularly in the
context of surgical patients. These limitations underscore
the need for cautious interpretation and underscore
prospects for future research.

Conclusion

In the postoperative time, patients with MA and no
mixed disorders present higher ICU mortality and higher
postoperative cardiovascular complications when com-
pared with patients with combined hyperchloremia or
alkalosis. The Delta-AG/delta-Bic ratio emerges as a
promising and practical tool for the assessment of sub-
stantial clinical outcomes within this specific patient
cohort.
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