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ABSTRACT

Background: Despite significant loss of bicarbonate during acute diarrhea, pediatric data are scarce with acute diarrhea/severe dehydration
(ADSD) and severe non-anion-gap metabolic acidemia (SNAGMA). We planned to study their clinical profile, critical care needs, and outcome.
Patients: Children (1 month-12 years) with ADSD and SNAGMA (pH <7.2 and/or bicarbonate <15 mEqg/L, and normal/mixed anion gap) admitted
in Pediatric Emergency Department from January 2016 to December 2018 were enrolled. Children with pure high-anion-gap metabolic acidemia
were excluded.

Methods: Medical records were reviewed retrospectively. The primary outcome was time taken to resolve acidemia. Secondary outcomes were
acute care area free days in 5 days (ACAFD;), and adverse outcome as composite of Pediatric Intensive Care Unit (PICU) admission and/or death.
Results: Out of 929 diarrhea patients admitted for intravenous therapy, 121 (13%; median age, 4 months) had ADSD and sNAGMA. Median (IQR)
pHwas 7.11 (7.01-7.22); 21% patients had pH <7.00. Hyperchloremia (96%) and hypernatremia (45%) were common. About 12% patients each
required inotropes and ventilation, while 58% had acute kidney injury (AKI). Median (IQR) time for resolution of acidemia among survivors was
24 (12, 24) hours. Thirty-two patients had adverse outcome. Higher grades of SNAGMA were associated with shock, AKI, coma, hypernatremia,
hyperkalemia, adverse outcome, and lesser ACAFD;. Shock, ventilation, renal replacement therapy (RRT), and higher grades of SNAGMA were
predictors of adverse outcome, with former two being independent predictors.

Conclusion: Severe non-anion-gap metabolic acidemia in children with ADSD is associated with organ dysfunctions, dyselectrolytemias, and
lesser ACAFD5. Resolution of acidemia took unacceptably longer time. Higher grades of SNAGMA were a predictor of adverse outcomes. Trials
are suggested to assess the role of additional bicarbonate therapy.
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HIGHLIGHTS

Severe non-anion-gap metabolic acidemia was seen in 13%
of children with acute diarrhea and severe dehydration, and
was associated with organ dysfunctions, dyselectrolytemias,
and adverse outcome. Currently recommended World Health
Organization (WHO) rehydration protocol delayed the resolution
of metabolic acidemia until more than 24 hours. Additional
intravenous bicarbonate was very rarely used.
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intravenous balanced solutions [e.g., Ringer lactate (RL), Plasmalyte]
recommended for deficit therapy serve to replenish bicarbonate
losses.””” Widespread use of WHO protocol led to significant
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improvement in outcome of acute diarrhea-dehydration.’
Consequently, attention is getting shifted to critically ill patients
with ADSD who have shock, life-threatening dyselectrolytemias,
and severe metabolic acidemia.*?

Despite realization of significant bicarbonate loss, published
literature is predominantly focused on water loss and consequent
dehydration, hypovolemic shock, and high-anion-gap metabolic
acidemia (HAGMA), which respond to standard deficit therapy.> 1%

In some patients, however, significant bicarbonate loss causes
predominant non-anion-gap metabolic acidemia (NAGMA).""'?
Despite recommendations to use intravenous bicarbonate
for severe acidemia due to bicarbonate loss,>%'*'* inordinate
concerns of its adverse effects and absence of clinical evidence'
prevent its routine use. In this background, there is a felt need
to characterize the clinical profile and management needs of
patients with sNAGMA'"'? and to identify risk factors for continued
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Non-anion-gap Metabolic Acidemia in Acute Diarrhea and Severe Dehydration

adverse outcome in patients with ADSD.”® Thus, the current study
was planned to delineate clinico-laboratory profile, critical care
needs, time taken to resolution of acidemia and final outcome
with currently recommended rehydration protocol, and predictors
of adverse outcome among children with ADSD and sNAGMA. It
may help answer if the non-anion gap component of metabolic
acidemia in these children needs to be corrected as part of their
rehydration therapy.

PATIENTS AND METHODS

Study Setting, Eligibility Criteria, Definitions, and
Classification

The study was conducted in 24-bed Pediatric Emergency Room
(PER) and 15-bed PICU of a 1950-bed tertiary care teaching hospital.
Children (age, 1 month to 12 years) with acute diarrhea admitted
in PER for intravenous deficit therapy (IVDT) were screened, and
those with severe dehydration and SNAGMA were included. Acute
diarrhea and severe dehydration were defined and classified as per
WHO criteria.> Normal anion gap [Na*- (CI"+HCO; )] was defined
as <16 mmol/L.'® Among patients with anion gap >16 mmol/L,
ratio of delta anion gap and delta bicarbonate (lower limit of
normal bicarbonate, 22 mmol/L) was obtained. Ratio <0.40 defined
pure NAGMA, while ratio of 0.40-0.99 defined mixed metabolic
acidemia.'® Severe non-anion-gap metabolic acidemia was defined
as pH <7.20 and/or serum bicarbonate (SB) <15 mmol/L, PaCO,
<45 mm Hg, and anion gap <16 mEg/L."""* Among patients with
anion gap >16 mmol/L, a delta ratio <1.0 guided the inclusion.
Severe non-anion-gap metabolic acidemia was further classified
as follows:

+ Grade | sNAGMA: Children with pH 7.11-7.20 and/or SB 10.1-15.0
mmol/L.

+ Grade Il SNAGMA: Children with pH 7.01-7.10 and/or SB 5.1-10.0
mmol/L.

« Grade Il sNAGMA: Children with pH <7.00 and/or SB <5.0
mmol/L.

Children with pure HAGMA (anion gap >16 mmol/L and delta
ratio >1.0), chronic/persistent diarrhea, renal tubular acidosis,
chronic kidney or liver disease, elevated transaminases, diabetic
ketoacidosis, poisoning, suspected/confirmed inborn error of
metabolism, or receiving diuretics were excluded.

Financial Support, Ethical Clearance, and Patients’
Consent

It was a nonfunded dissertation project. The study protocol was
approved by Institute Ethics Committee (INT/IEC/2019/000485
dated 15.03.2019). Being a retrospective chart review, written
informed consent was waived off. The paper was approved by
Departmental Review Board.

Study Design and Data Collection

For this retrospective study, data were collected from clinical
records of patients, admitted in PER and PICU from January 2016
to December 2018. During the study period, 929 children with
diarrhea were admitted for IVDT, out of which 121 (13.02%) were
eligible. Demographic data, clinical status at admission, laboratory
data, clinical management, and outcome were extracted in a
predesigned pro forma.

Indian Journal of Critical Care Medicine, Volume 26 Issue 12 (December 2022)

Clinical Status at Admission and Management

The presence of fluid-refractory shock [persistence of hypotension
(systolic blood pressure <5th centile for the age)] or need for
vasoactive after >40 mL/kg of fluids in the first hour," respiratory
failure requiring intubation and ventilation, AKI,'® and central
nervous system (CNS) dysfunction at admission were recorded.
Immediately after initial resuscitation in PER,”” IVDT was started with
RL at a rate suggested in WHO protocol for children with different
age, weight, and nutritional status.® Patients in PER received basic
critical care interventions, e.g., monitored fluid bolus, correction
of deficit and dyselectrolytemias, oxygen therapy, inotropes,
intubation, hand ventilation, clinical, and biochemical monitoring.'
Subsequently, patients were transferred to PICU if required. In PICU,
patients were managed as per unit protocol for hemodynamic
support, ventilation, peritoneal dialysis, sedation, nutritional, and
nursing support.

Discharge Criteria

Discharge from PER was considered if (i) dehydration got
corrected, (i) metabolic acidemia got resolved, (iii) up to 3 stools
in 24 hours, and (iv) normal oral intake was achieved. In some
patients, decision to discharge was taken based on clinical status
alone, without documenting resolution of acidemia. Patients are
generally discharged from PER in two slots, in the morning and in
the evening, due to administrative convenience and workload. For
patients, in whom resolution of acidemia was not documented,
time of discharge was taken as time of acidemia resolution.
Patients transferred to PICU were shifted to pediatric wards after
management and got discharged from there.

Outcome Variables

Primary outcome was time taken to resolve metabolic acidemia.
Time to achieve target pH (>7.30) and target bicarbonate (>15
mmol/L) was recorded. Resolution of acidemia was defined by
achieving pH >7.30 and/or bicarbonate >15 mmol/L. Secondary
outcome variables were acute care area (ACA) stay and hospital stay
among survivors, PICU stay among survivors of PICU admission,
ACAFD;, mortality, and adverse outcome. We combined PER and
PICU stay while calculating ACA stay and ACAFD.?° Patients who
died in PER or PICU were considered to have “zero” ACAFD; as they
were never free from ACAs. In our clinical setting, some patients
leave hospital after getting counseled about futility of further care.
These are categorized as Left Against Medical Advice (LAMA). We
considered LAMA patients similar to death. Adverse outcome was
a composite of transfer to PICU and/or in-hospital deaths/LAMA.

Statistical Analysis

Continuous variables between two and three groups were
compared with Mann-Whitney and Kruskal-Wallis tests,
respectively. Chi-square test (or Fisher exact test) was used for
categorical variables. Point-biserial correlation was used to find
correlation of pH and SB with presence of shock and AKI. Among
survivors, time to achieve target pH and SB was described by
Kaplan-Meier curves. Univariate analysis was done to identify
predictors for adverse outcome. Independent predictors were
identified by multivariable binomial logistic regression with forward
selection procedure including predictors with p <0.05. A p-value
of <0.05 indicated significance. All statistical analyses were done
with SPSS software version 25 (IBM, New York, USA).
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REesuLTs

Table 1 summarizes baseline characteristics of included patients.
More than half of patients (n = 73, 60.3%) were <6 months of age,
and two-thirds were underweight. Though boys dominated the
cohort, girls had higher grades of sNAGMA (p = 0.002). Acute kidney
injury, shock, and coma were present in 57.8%, 28.1%, and 8.2% of
patients, respectively, at admission; increasing grade of SNAGMA
was associated with significantly higher incidence (p-values; 0.004,
0.028, and 0.005, respectively). Among patients with shock, 41%
(14/34) had fluid refractory shock. Eleven patients had respiratory
failure requiring intubation and ventilation at admission, more so
among grade Il patients.

Table 2 shows baseline acid-base and electrolyte status.
Median pH was 7.11 (range, 6.52-7.33), while median SB was 9.6
mmol/L (range, 2.9-14.8). A fifth of patients (n = 25) had pH <7.0,
while more than half (n = 66) had SB <10 mmol/L. More than half of
patients had hyperlactatemia, while a fifth had lactate >4 mmol/L.
Interestingly, about 40% of patients in grade Ill had lactate >4
mmol/L compared with only 13%in gradesland Il (p = 0.015). Lower
pH and SB at admission were positively correlated with presence
of shock (point-biserial correlation, r = 0.36 and 0.26; p <0.001 and
0.001, respectively) and AKI (point-biserial correlation, r = 0.25 and
0.31;p =0.003 and 0.005, respectively) (Figs 1A to D). Hypernatremia
was 4-fold more common than hyponatremia. Increasing grades of
sNAGMA were associated with significantly higher incidence and
severity of hypernatremia and hyperkalemia.

Table 3 shows the critical care needs and outcomes of patients.
Fourteen patients required inotropic support, 13 among these
succumbed. Grade Il and grade Ill patients required higher doses of
inotropes (p = 0.06). Twelve patients (10%) developed new episodes
of hypernatremia, while 25 patients (21%) developed hypokalemia
during their clinical course. Seven (7/121, 5.8%) patients developed
shock after initial resuscitation and deficit therapy. More patients
in grade Ill (2/24, 8.3%) and grade Il (3/47, 6.4%) developed fresh
episode of shock than that in grade | (2/50, 4%). Despite severe
metabolic acidemia, only 7 patients received rescue bicarbonate
therapy, more among grade lll patients (p = 0.035).

Of 121 patients, 108 patients survived. Target pH was
documented in 76 survivors through blood gas, however, the same
was not available in the remaining 32 survivors (29.6%). Target SB
was achieved in 70 of the formers by the time the last blood gas
was obtained. Among 13 nonsurvivors, target pH and SB could be
achieved in two and four patients, respectively, before their demise.
Survivors tooka median duration of 24 h (IQR: 12 h, 24 h) for resolution
of acidemia, with no difference between various grades of SNAGMA
(p =0.33). However, grade lll patients took significantly longer time
(median, 36 h) to achieve target SB compared to grade | and grade
Il patients (median, 24 h) (p =0.006, Table 3; log-rank test p = 0.013,
Fig. 1E). Grade Iland grade lll patients had significantly lesser ACAFDg
(p = 0.006), more transfers to PICU (p = 0.016), and adverse
outcome (p = 0.024) (Table 3). Organ failures requiring life-support
interventions (viz., shock, respiratory failure requiring ventilation,
and AKI requiring RRT) were also significantly associated with
adverse outcome (Table 4). Of them, presence of shock and need for
ventilation atadmission were identified as independent predictors
of adverse outcome.

Discussion

Severe non-anion-gap metabolic acidemia was present in 13% of
ADSD patients admitted in a tertiary care teaching hospital of a
lower-middle income country. Patients were classified into three
grades of increasing severity to better understand their clinical
behavior, and to identify the most vulnerable group. Increasing
grades of SNAGMA were associated with higher incidence and
severity of shock and hyperlactatemia, CNS dysfunction (coma,
respiratory failure), AKI, late resolution of acidemia, morbidity,
and adverse outcome. Comparatively higher incidence of life-
threatening hypernatremia and hyperkalemia was noticed. Late
presentation to healthcare facilities, suboptimal acute care, poor
implementation of time-tested and clinically proven resuscitative
bundles, and late referral causing continued loss of fluid and
bicarbonates may be responsible for the observed sickness.?""??
Few patients developed new issues, especially among those with
higher grades. New hypokalemia episodes developed in 21% of

Table 1: Baseline demographic and clinical characteristics of patients (n = 121)

Characteristics Total (n=121) Grade | (n=50) Gradell (n=47)  Gradelll (n=24) p-value
Age (months) [median (IQR)] 4(2,8.5) 3(2,7) 4(1.5,8) 5(2,9) 0.55
Age <6 months 73 (60.3) 31(62) 28(59.5) 15 (62.5) 0.96
Male: Female 74:47 39:11 26:21 9:15 0.002
Nutritional status

Normal weight (WAZ >-2) 40 (33.1) 18 (36) 15(31.9) 7(29.2) 0.97
Moderate underweight (WAZ <-2 to >-3) 27 (22.3) 10 (20% 11 (23.4%) 5(20.8)

Severe underweight (WAZ <-3) 55 (45.5) 22 (44) 21 (44.7) 12 (50)

Duration of diarrhea [median (IQR)] 3(2,5) 2(2,3) 3(2,5) 3(1,4) 0.20
Fever 74 (61.2) 27 (54) 33(70.2) 14 (58.3) 0.25
Vomiting 95 (78) 39(78) 37(78.7) 19(79.2) 0.99
Shock 34(28.1) 11(18) 11 (30.6) 12 (50) 0.028
Respiratory failure 15(12.4) 3(6.0) 7(14.9) 5(20.8) 0.15
Acute kidney injury 70 (57.8) 22 (44) 28 (59.6) 20(83.3) 0.006
Coma (GCS < 8) 10(8.3) 1(2) 3(6.4) 6 (25) 0.003

Values are in n (%) unless specified otherwise; WAZ, weight for age Z score; GCS, Glasgow coma scale; IQR, interquartile range
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Table 2: Baseline laboratory characteristics of patients (n = 121)

Parameter Total (n = 121) Grade | (n = 50) Grade ll (n = 47) Grade lll (n = 24) p-value
Hemoglobin (gm/dL) 9.8(8.12,11.4) 9.2(7.9,11.4) 9.5(8.5,10.9) 9(8.8,9.9) 1.0
Blood pH 7.11(7.01,7.22) 7.22(7.18,7.26) 7.08(7.03,7.11) 6.93 (6.88, 6.96) <0.0001
Blood pH, n (%)
<7.0 25 (20.7%) 0(0) 0(0) 24 (100%) <0.0001
>7.0-<7.1 35(28.9%) 0(0) 36 (76.6%) 0(0)
>7.1 61 (50.4%) 50 (100%) 11 (23.4%) 0(0)
Serum bicarbonate (mmol/L) 9.6 (7.6, 12) 12.1(11.1,13.4) 8.7 (7.5,9.6) 7.25(5.5,7.9) <0.0001
Serum bicarbonate (mmol/L)
<5 4(3.3%) 0(0) 0(0) 4(16.6) <0.0001
>5-<10 62 (51.2%) 1(2%) 41 (87.3) 20 (83.3%)
>10-15 55 (45.5%) 49 (98%) 6 (12.7%) 0(0)
Anion gap 11.15 (6, 14.8) 12 (6, 14) 11 (5, 14) 11 (6, 20) 0.6
Anion gap >16 mmol/L, n (%) 20 (16.5%) 8 (16%) 5(10.6%) 7 (33.3%) 0.14
Serum lactate (mmol/L) 2.40(1.8,3.3) (n =109) 2(2,3) (n=45) 2(2,3)(n=41) 3(2,4)(n=23) 0.042
Serum lactate (>2 mmol/L), n (%) 67 (61.47%) (n=109) 25 (55.5%) (n=45) 25(60.97%) (n=41) 17 (73.9%) (n = 23) 0.34
Serum sodium (mmol/L) 143 (137,152) 141 (137, 149) 147 (137,154) 145 (137,158) 0.27
Hyponatremia ( <135 mmol/L)?, 14 (11.6%) 7 (14%) 5(10.6) 2 (8.3%) 0.81
n (%)
Severe hyponatremia 4 (3.3%) 1(2.0%) 1(2.1%) 2(8.3%) 0.32
(<125, mmol/L), n (%)
Hypernatremia (>145 mmol/L)*, 54 (44.6%) 18 (36%) 24 (51%) 12 (50) 0.0004
n (%)
Severe hypernatremia 8 (6.6%) 0 (0%) 4 (8.4%) 4 (16.6%) 0.007
(>170 mmol/L), n (%)
Serum potassium (mEq/L) 4.2(3.6,4.9) 4.0(3.5,4.8) 43(3.7,49) 4.6(3.9,6.8) 0.044
Hypokalemia ( <3.4 mmol/L)®, 22(18.2%) 11 (22%) 8(16.8%) 3(12.5%) 0.7
n (%)
Severe hypokalemia 5 (4.1%) 2 (4%) 2 (4.2%) 1(4.2%) 1
(<2.5 mmol/L), n (%)
Hyperkalemia (>5.4 mmol/L)®, 19 (15.8%) 3 (6%) 8(16.8%) 8(33.6%) 0.006
n (%)
Severe hyperkalemia 3(2.5%) 0(0) 0(0) 3(12.6%) 0.007
(>7.5 mmol/L), n (%)
Serum chloride (mmol/L) 124 (117,134) 122(116,13) 126 (120, 139) 127 (120, 136) 0.089
Hypochloremia (<96 mmol/L)*, 1(0.8%) 0 (0%) 0 (0%) 1(4.2%) 0.19
n (%)
Hyperchloremia (>108 mmol/L)?, 116 (95.8%) 48 (96%) 45 (95.7%) 23(95.8%) 1.0

n (%)

Values are in median (IQR), unless specified otherwise, * Cut-offs for various dyselectrolytemias were defined as per Greenbaum et al.'

patients; resolution of acidemia, diarrheal loss of potassium, and
malnutrition might have been contributory.

Acute severe acidemia (pH <7.20) is shown to cause shock,
respiratory failure, coma, seizures, and death.'°"'>23 Though these
effects are mostly described with HAGMA, the situation may not
be different with NAGMA."" The presence of SNAGMA in notable
number of acute diarrhea patients is at variance to the common
belief. Linear association of shock with lower pH and SB (Table 1,
Figs 1A and C) suggests the former being a consequence of acidemia,
rather than its cause in the studied SNAGMA patients. Similarly,
respiratory failure, AKIl, coma, and adverse outcome are likely to be
consequences of SNAGMA. Universal hyperchloremia might have
independently contributed to AKI and adverse outcome.!"'323

Indian Journal of Critical Care Medicine, Volume 26 Issue 12 (December 2022)

Improved circulation with rehydration therapy in hypovolemic
shock and hyperlactatemia would metabolize excess lactate
to bicarbonate and would correct pure HAGMA faster. Renal
regeneration and exogenous bicarbonate appear to play very little
role in pure HAGMA."" However, in patients with predominantly
sNAGMA, rehydration alone may not be sufficient as circulating
lactate would not provide sufficient bicarbonate. Such patients
would need renal regeneration and additional alkali therapy."" With
the former being a slow process and likely to be impaired in AKI, >
resolution of acidemia (at a desired rate) is likely to require alkali
therapy. World Health Organization rehydration protocol failed
to resolve acidemia in about one-fifth of ADSD adults, who might
predominantly have NAGMA.?* Being an independent predictor

1303



Non-anion-gap Metabolic Acidemia in Acute Diarrhea and Severe Dehydration

7.30 ° 7.30
7.20 : 7.20
]
< 7.10 ' . 7.104 8
9 ° 5 !
£ 690 ¢ r=0.36; p < 0.001 3 £ 690 o F=0.25; p = 0.003
@© ° ° @© ]
® 680 , e © 6.80 S
5 5
6.70 6.70
L] [ ]
6.60 6.60
6.50 ® 6.50] °
“ No shock Shock E No AKI AKI
16
15 °
c 14 4 ! N = i
2 13 2
2 12+ . @ |
£ 114 $ =
® 10 H 2 i
@ . @
Q g_ 2 8 ' — =
s 21 r=0.26; p < 0.001 ' I r=031p=0005 '
g 6l : g ¢13
5 8711 s 8 l
o 51 ¢ S 54 4
m 4 mn 4
3 : 34 ° .
2 2
No shock hock No AKI AKI
o shoc Shocl E (o]
0.87] =
= ;; b
?u 0.6 3 0.6 i
= 2
© 0.4- £ 041
= Log-rank p-value — 0.013 2N . o Log-rank p-value — 0.67
2 0.2 W g2~ e EEEEEEES
@ [____1 ________
0.0 o094
0 20 40 60 80 100 120 0O 20 40 60 80 100 120 140
Time to achieve target bicarbonate (hrs) Time to achieve target pH (hrs)
| — Grade | ~riGradell - Grade Il | | — Grade | i Gradell  --"* Grade Il |
F |

Figs 1A to F: (A) Point-Biserial Correlation between pH at admission with presence of shock; (B) Point-biserial correlation between pH at admission
with presence of acute kidney injury (AKIl); (C) Point-biserial correlation between serum bicarbonate at admission with presence of shock; (D)
Point-biserial correlation between serum bicarbonate at admission with presence of acute kidney injury (AKI); (E) Kaplan-Meier curves to compare
time to achieve target pH (Log-rank test, p = 0.67) among survivors with different grades of severe non-anion gap metabolic acidemia; (F) Kaplan-
Meier curves to compare time to achieve target serum bicarbonate (Log-rank test, p = 0.013) among survivors with different grades of severe

non-anion-gap metabolic acidemia

of mortality, the need of more than 24 hours to resolve acidemia
is not acceptable.?®

Additional slow infusion of bicarbonate may accelerate
resolution of acidemia and hyperchloremia in this select group of
patients,'” and may prevent further organ injuries. Its use as rescue
therapy, that too only in seven patients, demonstrates a general
reluctance due to potential adverse effects (e.g., hypokalemia,

1304

hypocalcemia, hypercapnia, paradoxical cerebrospinal fluid
acidosis, hypernatremia, and hyperosmolarity). Adverse effects,
however, should not preclude its use in situations where it is clearly
indicated. Needless to say, close clinical and biochemical monitoring
is essential. Though threshold pH and SB are debatable, a blood pH
of 7.20 and SB of 15 mmol/L seems appropriate among patients
with NAGMA 3"
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Table 3: Critical care needs and outcomes among enrolled patients (n = 121)

Sl. no. Total (n = 121) Grade |l (n = 50) Grade ll (n = 47) Gradelll(n=24)  p-value
Critical care needs
1 Time taken for correction of
dysnatremias (hours)
Hypernatremia (n = 45) 24 (24,72) 48 (6, 48) 24 (24, 60) 54 (24, 96) 0.14
Hyponatremia (n = 9) 48 (9, 48) 24 (16, 48) 30(9,48) 42(12,72) 0.21
2 Patients requiring inotropes 14 (11.6%) 3 (6%) 7 (14.9%) 4 (16.7%) 0.268
Maximum VIS score (n = 14) 60 (60, 68.8) 60 (60, 60) 65 (60, 100) 55 (40, 60) 0.06
4 Need for hand/Mechanical 15 (12.3%) 3(5.8%) 7 (14.9%) 5(20.8%) 0.15
ventilation
5 Development of new episodes of 32 (26.4%) 9 (18%) 13 (27.7%) 10 (41.7%) 0.09
dyselectrolytemias during
management
Hypernatremia 12 (9.9%) 5(10.2%) 4 (8.2%) 3(12.5) 0.86
+ Hyponatremia 2(1.7%) 0(0) 1(2.1%) 1(4.2%) 0.45
Hypokalemia 25 (20.7%) 6(12.2%) 13 (27.7%) 6 (25%) 0.15
Hyperkalemia 2(1.7%) 1(2%) 0 (0%) 1(4.2%) 041
6 Rescue bicarbonate therapy 7 (5.78%) 1 (2%) 2 (4.3%) 4 (16.7%) 0.035
7 Renal replacement therapy 4(3.3%) 1 (2%) 2 (4.3%) 1(4.2%) 0.681
Primary outcome
1 Time to resolve acidemia (hours)? 24(12,24) (n-108) 24 (12, 24) (n-47) 24 (12, 24) (n-41) 24 (14, 48) (n-21) 0.33
2 Time to achieve target SB (hours)? 24 (18,42) (n-108) 24 (13, 24) (n-47) 24 (18,48) (n-41) 36 (24, 48) (n-21) 0.006
3 Time to achieve target pH (hours)® 24 (12,36) (n-108) 24 (12, 24) (n-47) 24 (12, 24) (n-41) 24 (14, 48) (n-20) 0.44
Secondary outcomes
1 PICU admission 22 (18.2%) 5 (10%) 8(17%) 9 (37.5%) 0.016
2 PICU-free days in 5 days® 2(0,2.5) (n=22) 2(2,2)(n=5) 2(0,2)(n=28) 2(0,2) (n=9) 0.291
3 ACA-free days in 5 days 2(0,2.25) 3(2,4) 2(2,3) 1(0,3) 0.006
4 Death (including LAMA) 13 (10.7%) 3 (6%) 6 (12.8%) 4(16.7%) 0.33
5 Adverse outcome (PICU admission 32 (26.4%) 8 (16%) 13 (27.7%) 11 (45.8%) 0.024
and/or death/LAMA)

Values are in median (IQR), unless specified otherwise, Among survivors, YAmong those shifted to PICU, VIS, vasoactive-inotropic score, PICU, Pediatric
Intensive Care Unit, ACA, acute care area (Pediatric Emergency Room and Pediatric Intensive Care Unit), LAMA, left against medical advice

Despite severe acidemia, only 18% of patients could be
transferred to PICU reflecting demand-supply gap for PICU
beds. Considering the acuity of illness among patients who got
transferred to PICU, the majority would have died if they would
have landed in a secondary care hospital (e.g., District Hospital, Civil
Hospital). Hence, transfer to PICU was included in the composite
outcome measure of “adverse outcome”. Increasing grades of
sNAGMA predicted adverse outcome on univariate analysis,
however, it failed to be an independent predictor. This may be due
to the strong association of increasing grades of SNAGMA, lower
pH, and lower SB with incidence of shock at admission (Table 1,
Figs 1A and Q). Increasing grades of SNAGMA were also associated
with severity of shock (e.g., need and dose of inotropes), and
occurrence of new episodes of shock after initial rehydration
therapy. With such overlap, shock seems to conceal the higher
grades of SNAGMA as independent predictor.

To the best of our knowledge, this is the first attempt to study
clinico-laboratory profile, critical care needs, and outcome of
ADSD children with sSNAGMA. We made an attempt to develop
definitions of severe metabolic acidemia and its grading in
children with predominant NAGMA from information and evidence
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available from the literature.'* It may seem to be liberal compared
with definition of severe metabolic acidemia in children with
predominant HAGMA. These definitions need to be validated
further. In many patients, time of discharge from PER was taken
as the timepoint of acidemia resolution without documenting the
target pH/SB. Moreover, blood gases were obtained at discretion
of the treating team, and not at regular intervals. Thus, the time of
documented resolution of acidemia may not represent the earliest
time when acidemia actually resolved. Both these factors are likely
to overestimate the time taken to resolve acidemia. Despite these
limitations, the sample size was large enough to derive clinically
relevant conclusions. Trials to evaluate the addition of bicarbonate
infusion to the prevalent rehydration protocols for ADSD patients
with sSNAGMA are suggested.

CONCLUSION

Severe non-anion-gap metabolic acidemia is common in children
with ADSD in the studied setting. Higher grades of SNAGMA were
associated with higherincidence and severity of organ dysfunctions,
dyselectrolytemias, higher utilization of critical care interventions,
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Table 4: Univariate and multivariable analyses to identify predictors for adverse outcome (n = 121)

Univariate analysis
Adverse outcome (n = 32)  No adverse outcome (n = 89) Odds ratio
Sl.no.  Variables n (%) n (%) (95% Cl) p-value
1 Age <6 months 19 (59.4) 5(65.2) 0.78 (0.34-1.8) 0.559
2 Underweight (WAZ <-2 SD) 20 (62.5) 61 (68.5) 0.765 (0.32-1.77) 0.553
3 Shock at admission 17 (53.1) 7(19.1) 4.8 (2-11.5) <0.001
4 Coma (GCS <8) 5(15.6) 5(5.6) 3.11(0.83-11.5) 0.678
5 Ventilation at admission 14 (43.8) 1(1.1) 68.44 (8.4-554.0) <0.001
6 Acute kidney injury 22 (68.8) 48 (53.9) 1.87 (0.8-4.4) 0.145
7 Renal replacement therapy 4(12.5) 0(0) 4.17 (3.0-5.7) 0.004
8 sNAGMA > Grade | 24 (75) 47 (52.8) 11(1.03-4.31) 0.04
9 Anemia (Hb <10 gm/dL) 20 (64.5) 38 (45.2) 0.45 (0.19-1.06) 0.067
10 Hyponatremia (<134 mmol/L) 3(9.3) 11(12.3) 0.73 (0.19-2.8) 0.75
11 Hypernatremia (>146 mmol/L) 15 (46.8) 39 (43.8) 1.06 (0.4-2.3) 0.87
12 Hypokalemia (<3.4 mmol/L) 6(18.7) 16 (17.9) 1.05(0.3-2.9) 0.9
13 Hyperkalemia (>5.5 mmol/L) 5(15.6) 14 (15.7) 0.95 (0.3-2.9) 0.95
14 Hyperlactatemia (>2 mmol/L) (n = 109) 7 (58.6) (n = 29) 50 (62.5) (n = 80) 0.94 (0.47-1.88) 0.71
Multivariable analysis

Variables Regression co-efficient (SE) Odds ratio 95% ClI p-value
1 Shock at admission 0.538 4.25 1.49-12.13 0.007
2 Ventilation at admission 1.108 0.026 0.003-0.231 0.001
3 sNAGMA > Grade | 0.566 0.56 0.19-1.69 0.31
4 Renal replacement therapy 23076.91 0.00 0.00 0.99

WAZ, weight for age Z-score, GCS, Glasgow Coma Scale, SNAGMA, severe non-anion-gap metabolic acidemia

and adverse outcome. Resolution of metabolic acidemia took more
than 24 hours in the majority. Currently recommended rehydration
protocol seems inadequate in resolving metabolic acidemia at a
rate required to improve outcome in this select group of patients.
Clinical trials to assess the role of additional slow bicarbonate
infusion are suggested.
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