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Case scenario

* 1 year old male child presented to the ER with one
episode of seizure lasting for a few minutes, 2 hrs ago.

* Mother gave H/O fever, loose stools and vomiting of
2 days duration.

* Child had a documented temperature of 100.2°F, had
recurrent episodes of non- bilious vomiting and
watery stools @ 8-10 episodes/ day; had voided urine
about 6 hrs ago.

* Child had been treated with ORS and said to be given
in proper dilution.

* Previously well child.




On arrival at ER
* Child is irritable, thirsty

* Effortless tachypnea

* RR of 60/min

* Sp02 96% in room air

* HR - 160/ min , +++/+

* Cool peripheries, CRT> 2 sec
* BP: 74/50 mmHg

* Child’s eyes were a little sunken;skin turgor was reducec

N

* CNS - Irritable, AF depressed; no obvious seizure activit
* Abdomen - No organomegaly; doughy feel of skin

* Weight 9 kg (pre illness weight -10 kg @vaccination visit
* Compensated shock



STEP 1: Stabilization of ABC

Physiological status Interventions

* Airway - stable * Deliver 02 through

* Breathing - Effortless . NRM in a non
threatening manner

tachypnea
* NS bolus 20 mL/kg
started

* Circulation -
Compensated shock

CBG: 196 mg ; Ketones - negative.




Step 2: Assess volume status

Decide if HYPOVOLEMIC or ISO/HYPERVOLEMIC

Volume status Possibilities

* History of diarrhea, * Acute diarrhea &
vomiting dehydration;

» Voided urine 6 hrs ago dysnaygemi

* Weight loss of 1 kg ° Sepsis
* CNSiIn

Hypovolemia




Blood investigations done at ER

* TC-18,000 DC- P60L40 PCV - 38%

* Na-170 mEq/L. K-3.4mEqg/L

* HCO3 - 19 mEq/L

* Blood sugar - 260 mg

* PH-7.24

* Normal anion gap metabolic acidosis
* lonized calcium - 1 mmol/L

* Urine ketones - Negative

* Hypovolemic hypernatremia
* Or
* Hypernatremic dehydration




Algorithm

Assess Volume Status
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Q

* How does diarrhoea and vomiting cause
hypernatremia?

When the free water loss is in excess of the
sodium loss, when the child has no access to
potable water, has no thirst, when sensorium is
obtunded, inadvertent administration of ORS
(concentrated/ excess), concentrated infant milk
formula may lead to hypernatremia in Gl loss
states.




After NS bolus

* Peripheral pulses become palpable
* HR 130

* Child continues to be irritable; skin turgor is
reduced; excessive thirst+

* Not voided urine

* CXR: Normal

* USG abdomen - IVC small.
* Urine sodium < 10 mmol/L
* FENa < 1.0

Hypernatremic dehydration




STEP 3:
Management of hypovolemic

hypernatremia.

* Emergent fluid bolus of isotonic NS 20 mL/kg over
30-60 mins

* Reassess!




Q

* This child has hypovolemia and hypernatremic
(170 mEqg/l) dehydration. What is the preferred fluid
for resuscitation - RL/NS?

* NS is the preferred choice as the osmolarity of RL is
very low.




Shifted to PICU...

How to correct deficit?

* Fluid replacement

* 1. Formula based = FWD (ml) = 4ml x
weight (kg) x desired change in serum Na
(10mEq/L/day)

+ malnternarce
%.Sail-r:ple strategy - 1.25 to 1.5 times

maintenance of hypotonic IVF ( % or )%

Wpriate glucose and K)




Time taken for correction based on initial serum Na

Serum Na (mEq /L) Time taken (hrs)
140-157 24
158-170 48
171-183 72
184-196 84

Per hour — 0.5 mEg/hour
Per day — 10 -12 mEqg/day
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HYPERNATREMIA > 145 - ASSESS VOLUME STATUS

Do Emergency measures

Monitoring

Clinical and laboratory e Correction of shock — NS bolus

e Support A, B, C

e Control of seizures

[ 10-20 mL/kg NS over 30-60 min ]

-

\_

Initial fluid: Type of fluid -Na con: 1/4 NS

Rate: 1.5 times maintenance -54 mL/hr

|

Reassess clinical status & serum Na 4-6 hourly

Expected fall of Na 0.5 mmol/L per hour

REF: Nelson Textbook of Pediatrics 17t edition P.249

N
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Case continued....

6 hours later

* Child’s sensorium remains the same.
* No further seizures

* HR -122/ min

* Peripheral pulses well felt.

* CRT < 2 sec.

* Child is on %% NS without potassium

* Glucose 300 mg %
* Serum K - 3.9 mEq




Q

* Can Insulin be administered to correct
hyperglycemia at this stage?

* Insulin treatment is not recommended as the
acute fall in glucose lowers plasma osmolality
and precipitates cerebral edema.

* Consider 2.5% dextrose solution, in cases of
associated hyperglycemia, if 2 DNS is used for
correction.




Child is on % NS -54 mL /hr
(1.5 times maintenance; initial Na -170)

After 6 hrs..... ....... Serum sodium — 160 mEq.

pid fall >Q.5
mEqg/hr (160)

Optimum fall -0.5
mEqg/hr (167)

Slow fall <0.5
mEqg/hr (169)

Decrease water
e |INcrease Na con
YaNS to Y% NS

or

e Increase salt. \ e Continue the

\§ame fluid at same

e Decrease salt.
Increase water
e Decrease Na con
1.NS to 1/4 NS

or

e Decrease the rate
of IVF

1.5 times to 1.25
times.

54 to 45 mL/hr)

shutterstock.com + 123417493

elncrease the rate
of IVF

1.25 times to 1.5
times

(45 to 54 mL/hr)

Hence fluid rate reduced to 1.25 times ie. slowed down to 45ml/hr .




Case continued....

12 hours later

* Child developed convulsions.

* Controlled with two doses of Lorazepam.
* HR — 144/ min ; pulses - well felt

* BP- 80/50 mmHg

* RR- - 40.

* Sp02 97 %

* No pallor

* CNS - drowsy ; PERL

* AF normal; not bulging.

* Child moves all 4 limbs. NFND. Fundus normal.
* CT planned after stabilization.

e Child’s urine output in the last 12 hours -70 mL (6 mL/hr ;
0.5 mL/kg/hr)

* CBG - 240 mg%,; ionized Ca 1.2 mmol/L
* Electrolytes, urea, creatinine - results awaited.



Case management continues...

* Pending serum sodium results, the cause for
convulsions was presumed to be rapid fall in Na.

* Clinical features, ionized Ca levels do not favour a
bleed, thrombosis or hypocalcemia.

* Hence, child was started on 3% saline 3 ml/kg over
30 minutes

e Sodium results were available after 30 mins,
showed 150 mEq (170,160,150) and K was 4.0 mEqg

* Maintenance fluid changed to 2 NS at the same
rate of 45 mL/ hr (1.25 maintenance)



STEP 4: Specific Therapy

Ascertain the underlying specific cause of
hypernatremia

* Look for any specific causes like sepsis/blood in
stools

* Administer appropriate broad spectrum
antibiotics

* There was no polyuria — hence DI was not
considered




STEP 5: Monitor the trend

* Measure serum and urine electrolytes every 2-4
nours

* If shock reappears and hypernatremia is
oresent, NS bolus 10-20 ml/kg prior to free
water administration.

* |If convulsions occur during correction of
hypernatremia, presume as rapid fall of Na and
give 3% saline 2-5 mL/kg over 15-30 mins.

* Recheck Serum Na

* Ensure that the rate of fall of Na does not
exceed 0.5 mEqg/ hour.

» Alternate the volume and rate of fluid
administered based on the serum Na values




Step 6: Monitor for
complications

* Perform serial neurologic examinations and monitor vital signs

* Watch for features of IC bleed ( rapid correction of
hypernatremia causing brain cell shrinkage due to efflux of
water and resultant tearing of blood vessels), venous sinus
thrombosis, AKI

* Monitor for and treat hypocalcemia.

* But don’t correct hyperglycemia to prevent rapid fall in
plasma osmolality

* Hypernatremia with volume overload (eg, heart failure and
pulmonary edema) or AKI, consider dialysis.

* This child did not develop any neurological complications or AKI




Case continued....Next 24 hours.

* Child was monitored clinically and repeat sodium
values started coming down.

* Serum sodium declined to 150 mEq.
* Blood sugar was 110 mg%.
* Neuroimaging was normal




STEP 7: Transition

» After 60 hours child started showing improvement
Serum Na 145mEqg/L

* Fever subsided and frequency of loose stools and
vomiting started coming down.

* Vital signs and urine output improved.

* Child started looking at the mother and gradually
becoming alert ; started demanding breast feeds.

* Feeding was started, IVF gradually reduced and
stopped.

* Child was continued on ORS and Zinc
supplementation.




Summing up.....

* Initially, hypovolemic hypernatremia - NS 20 mL/kg

* Based on simple strategy - deficit fluid started with %
NS @ 1.5 times maintenance

* Rapid fall (170 to 160) noted, changed to % NS at 1.25
times maintenance

* Convulsions due to rapid fall ; 3% saline given, deficit
correction -1/2 NS at 1.25 times maintenance

* No other complications noticed.

* Recovered over 60 hrs with decline in Na and glucose.
Switched to oral fluids.




Learning points

Restoration of intravascular volume using isotonic NS solution
takes precedence over correction of hypertonicity (FWD), as
hypotonic fluids do not help to correct hemodynamics

To avoid cerebral edema and associated complications, the seru
Na level should be lowered by no more than 0.5 mEqg/ hour. In
chronic hypernatremia, an even more gradual rate is preferred.

Recheck serum electrolytes frequently and monitor I/O during
therapy.

When possible, providing free water to a patient orally is
preferred.

CNS imaging is done once child is stable.

In cases of associated hyperglycemia with 5% dextrose, consider
2.5% dextrose solution. Insulin treatment is not recommended.




Thank You!




