Interpretation of laboratory
values



Normal values

Age specific
Gender specific
Daily rhythm
Laboratory specific!



What is normal?

Gaussian or
"normal”
distribution

fy(x) Eg. Height, weight
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Preanalytical concerns

* Blood volume
— Newborn: 250-300 ml vs. adult: 4700-6100 ml|
— Vacuum container collapses small veins: hemolysis
— Capillary puncture: prewarm
— Microanalytical methods!

PLAN AHEAD!



Preanalytical concerns

e Urine collection




Sodium (Na)

Sedium [F)'
Mewborns: 133-1464 mmal/L
Children and adules: 135-148 mmaol/L

Neonatal fluid compartments!, increased
insensible water loss (surface, respiratory
rate), immature renal function
Pseudohyponatremia: protein, glucose



Potassium (K)

Patassium |5, P}

Fremature infants: 4.5-7.2 mmol/L
Fullierm infants: 3.7-5.2 mmol/L
Children: 3.5-5.8 mmal/L
Adulks: 3.5-5.5 mmol/L

* Compression — hemolysis — K A\

* Might come from muscle injury (birth)
* Extremely AA WBC: K comes out

* Acidosis

* Frequent, rapid transfusions



Calcium (Ca)

Calcium |5)°

Pramature infants [first week): 3.5-4.5 mEg/L [1.7-2.3 mmaol/L]
Fullterm infants (Frst week): 4,0-5.0 mEq/L (2.0-2.5 mmol/1]
Thereafier: 4.4-5.3 mEg/L [2.2-2.7 mmaol/L]

* lonized vs. total Ca

* 99% in hydroxyapatite, bone mass grow
faster than body weight

e C(Citrated transfusion: hypocalcemia, but
total Ca is normal (Ca-citrate complex)



ABG

Base Excess (B)'

MNewborn: ~10 to -2 mmol /L
Inkant: -7 o -1 mmal/L
Child: 4 1o +2 mmal/L
Thereater: -3 1o 43 mmaol/L

Bicarbonate, Actual [F)2

Calevlated from pH and Paco,

Mewborns: 17.2-23.6 mmal/L
2 months-2 years: 19-24 mmel/L
Children: 18-25 mmol/L
Adult males: 20.1-28.9 mmol/L
Adult females: 18.4-28.8 mmaol/L
PH |B]’

0—& menths 7.18-7.50

&-12 manths FAT-1 49



Alkaline phosphatase (ALP)

Alkaline F'|'||::s|:-|' alase [ !

Values in IU/L at 37°C [98.6°F] using pnitrophencl phosphate buffered

with AMP [kinetic|.

Age Males Famales
Mewborns [1-3 days] Pi-348 Yo-J48
2-24 months 1 1.3-440 11.5-450
2-3 years 1 1.3=3%1 1153-3%1
G-/ years 1 13440 11.3-4560
B-9 years 11.3-3435 115-345
10-11 years 113-334 115-437
12-13 years 127-403 PE-334
1d-135 years Fe-444 Fa-212
16-18 years 28-331 33124
Adults 41-137 39-118

* [ntestinal, bone, liver

 Puberty!



Bilirubin

ilirubin, Conjugated (5]’

Naonabes: <10 pmal/L
Neonabe: <2 pwmal/L
Praterm |1-6 days): <10 pmal/L

* Hyperbilirubinemia interferes with colorimetric
assays



Chelesteral, High-Density Lipoprotein I5)'

Lipids

Trighycerides (5] '

1-2 years: 35-82 mg/dl
10-13 years: 36-84 mg/dl
14-1% yaars: 35-45 mg/dl

Cholesteral, Low-Density Lipoprotein [3)'

10.91-2.12 mmal/L)
10.93-2.17 mmol/L)
10.91-1.68 mmal /L)

5-9 yaars: 63-140 mg/dL
10-14 yaars: hd-134 rr.gj"l:“.
15-1% yaars: 59-137 mg/dL

Chelestaral, Total |5, F)!

(1.63-3.63 mmal/L)
(1.66-3.52 mmal/L)
(1.53-3.55 mmal/L)

1-3 years: 44-181 mg/dl
d-& years: 108-187 mg/dL
7-5 yaars: 112-247 mg/dL
10-13 yaars: 125-244 mg/dL
14-1% years: 106-224 mg/dL

[1.15-4.70 mmal/L]
[2.80-4.80 mmal/L
[2.90-6.40 mmol/1
[3.25-6.30 mmaol /1
[2.75-5.80 mmal/L]

Values in mg/dL [mmel/L]

Age

Males

Females

1-3 years
d-0 years

/-5 years
10-11 years

12-13 years
14-15 years
16-1% years

27-125 0.31-1.41)
32-116 (0.36-1.31)
28-129 |0.32-1.44)
24-137 0.27-1.55)
24-145 |0.27-1.64)
34-165 |0.38-1.84)
34-140 |0.38-1.58)

27-125 [0.31-1.41]
32-116 [0.36-1.31]
28-129 [0.32-1 46|
39-140 [0.44-1 58]
37-130 [0.42-1 47|
38-135 [0.43-1 52|
37-140 [0.42-1 58]

* Lipemia: spectrophotometer with flame
photometer won’t work



Craafine (5, P)?

Creatine

Vialues in mg/dL [wmel/L]

Age Males Femalas

1-3 ':|I:1I||'5-'3’ 0.2-1.0[17.7-88.4| 0.2-1.0117.7-88.4]
1 yoar 0.2-0.6 (17 7-53.0] 0.2-0.5 (17 7-44.2)
2-1 years 02-07[17.7-61.% 0.3-0.6 [26.5-53.0]
4-7 yaars 0.2-0.8 (17.7-70.7] 0.2-0.7 117.7-61.9
8-10 years 0.3-0.9 [26.5-79.4] 0.3-40.8 (26 5-70.7)
11-12 years 0.3-1.0 [246.5-85 4| 03409 [26.5-79.4]
13-17 years 0.3-1.2 [26.53-106.1] 0.3-1.1 [26.53-97 2]
18-20 years 0.5-1.3 [44.2-113.0] 0.3-1.1 [26.5-97 2]

* Valuas may be higher in premature newborns.

Creatinine Clecrance

p

Vialues show great variability and depend on specificity of anclytica

methods used.
Mewoorns |1 cayl:

Mewborns |6 days|:

Adult males:

Adult females:

5-50 mL/min/1.73 m? i
(mean, 18 mL/min/1.73 m?
15-90 ml/min/1.73 m?
(mean, 38 ml/min/1.73 m%
85-125 ml/min/1.73 m?
75-115 ml/min/1.73 m?

Preterm A\
=zmuscle mass
GFR: adjust
medication dose!
Bilirubin, lipemia,
hemolysis
interferes with
assay



Inflammation markers

C-Reactive Pratien [5)

Cord blood: 10-350 wa/l
Adult: 68-8,200 pa/l

Sedimentation Rate [Micra) [B)?

<2 years: 1-5 mm/hr
= years: 1-B mm/hr

e Different kinetics
* Viral/bacterial/fungal



Blood count

Hamatocrit [B]

Age Males (%) Females [3)
Mewborns 43.4-54.1 A7 4A-55F
& manths-2 years J30.92-370 31.2-37.2
2-6 years NFA7FTF 32.0-37.1
6-12 years 32.7-393 33.0-37.4
12-18 years J4.8-43% 34.0-40.7
=18 years 33.d4-44.2 33.0-41.0

Hemoglobin (B)'

Platelat Count [RBC|'

Volve = 10°/ul. lul = mm?)

Age Males Femnales
Newbarmns 164-351 234-346
1-2 menths 275-547 295-413
2~ manths 275-566 288-593
& months-2 years 219-45% 225-445
2-6 years 204-405 204-402
t-12 years 194-3464 1 83-346%
12-18 yoars 165-332 1B5-335
=18 years 143-320 171-326

Age Males [g/dl) Fernales g/dl|
Mewborns 14.7-18.4 12.7-18.3
& manths-2 years 10.3-12.4 10.4-12.4
2-6 years 10.5-12.7 10.7-12.7
6-12 years 11.0-13.3 10.2-13.3
12-18 years 11.5-14.8 11.2-13.4
=18 years 10.2-15.7 10.7-13.5
White Blocd Cell Count (8]
Valuves » 107 /uml. |l = mend)

Age Males Famales
Mawbams §.8-13.3 A3.0-14.3
& months-2 years 6.2-14.5 B.4-15.0
2-& years 53.1-11.5 53115
f-12 yaars 4.5-10.5 4.7-10.3
12-18 years 4.5-10.0 4.8-10.1
=18 years 4.4-10.2 4.9-10.0

Lowest Hb: 8-12 weeks
(normochromic and microcytic
with normal ret.)

Low pO2 in utero: Epo

Premie: earlier and lower Hb
decrease (70-90): shorter life of
RBCs (65 days) and inadequate
Epo synthesis

Fetal hemoglobin

High ret count — high PLT
Ly/Neu 80/20 =20/80



A Case of Hyponatremia and Seizures

M. A, A 2-DAY-OLD FEMALE, is cumently in the neonatal ICU being
treated with antibiotics for suspected sepsis. This moming M, A began
having trthmic clonic teitching of her kower extremities, fluttering
of her eyelids, and repetitive chewing moverments, consistent with
seizure activity. M. A was bom ab 39 weeks gestation to & mother with
prolonged nupture of membranes (=72 hours). On the day of her birth,
M. A was admitted to the recnatal ICU with an ekovated terngerature,
tachryecardha (HR 153) and low WBC count (3.5 = 10° cell/'mm?), Blood
and urine Cultures were ootained and antibiatics were started o treat
her possiole sepsis. Culture results are sbll pending. Medications
include: ampicillin 85 mg IV in 25 mL 3% & IV ricker B hr (75 mg!
kaiday) and gentamicin B.5 mg IV in 25 mL D5W as IV rider q 12 hr (5
mgkgcay].

M. A5 vital signs inClude: BP 7646 mm Hg, HR 195 beats/mn, RR 35
breathemin, and termgenature 08.3°F Length is 49 o (507 percentile
for age) and weight is 3.4 k3 (30 percentile for age). Laboratony data
includies: sodium 120 mEqiL, potassium 3.9 mEayL, chionde 98 mEaiL,
total SO, 20 mEqiL, BEUN & mafdl, 5Cr (.8 mgidl, and glucose 87 mgy
di.

Question: "What is the most [kely cause of this patient’s seizure activity
and electralvte imbalance? What other laboratory tests should be




A Case of Hyponatremia and Seizures

H. A, A 2-DAY-OLD FEMALE, is cumently in the neonatal IZU beng
treated with antibiotics for suspected sepsis. This moming M, A began
having rdhmic clonic tewitching of ber kwer extrermities, flutterng
of her eyelids, and repetitive chewing moverments, consistent with
seizurg Activily, M. A wis bom ab 3% waseks gestation to a mother with
prolonged nupture of membranes (=72 howrs). On the dey of her birth,
M. A was admitted to the recnatal ICU with an ekovated terngerature,
tachryecardha (HR 153) and low WBC count (3.5 = 10° cell/'mm?), Blood
ared urire Cultures wene ootained and antibiatics werne started to treal
her possiole sepsis. Culture results are still pending. Medications
ircludie: ampicillin 85 mg IV in 25 mlL DSW & WV ricker g B br (75 mdf
kaiday) and gentamicin £.5 mg IV in 25 mil DS as IV rider q 12 hr (5
mgkaida.

M. A5 vital signs include: BP 7648 mm Hg, HR 195 beatsimin, B 35
breathsmin, and termpenature 98.8°F Length is 49 cm (507 percentile
for age) and weight & 3.4 kg (50" percentile for age). Laboratory data
includies: sodium 120 mEqiL, potassium 3.9 mEayL, chionde 98 mEaiL,
total €O, 20 mEqil, BUN & mgfdl, 5Cr 0.8 ma/dl, and glucose 87 mgy
L,

Question: "What is the most lkely cause of this patient’s seizure activity
and electralvte imbalance? What cther labaratory tests should be

Discuwssion: Electolte mbalance 1s 8 common cause of neanatal
seizures. As in adults, hyponatremia may cause seizure activity in
necnates and accurs when the ratio af waker 1o sodum 5 ncreased,
The kot body comtent of sodum in patients with Fvponatremia may
e low, niomnal ar high, and the valume stabus may Be ppovolemic,
euwvolemic ar ypervolermic. There are mamy causes of hyponatrermia,
bk the most likely Cause in this pateent IS the extra DSW that the patient
received with her antbictics. Dilubional hyponatremia may cocur in
necnates and yourg infants when medicatians are administered in
excess flusds, such as b nders of 5% dextrose inwater. These patients
arg morg prone B water ovenosd due o thar Kower glomsnular
filtration rate and their limited ability to excrete water. Medications for
these patents shoukd te diluted in smaller amounts of I fiukd, so that
excess fluid & not adminstered. To bether define this patient’s sodium
and valume status, N, A.s tofal fluld Intake and cutput, type of IV flukds
administered, changes in body weight, and other laboratory data need
to e assessed. I acklition, other cawses of fypanatremia, such as
meningdis and SLADH, should Be ruled out. It should be noted that a
v WHBC, 85 obsened in M, A aften occurs in necnates with a senous
bacterial infection (see section on White Blood Cell Count). Althoush
the most likely cause of this patient's selzune activity & her kow serum
sodium, serumn calcium, phosphorous, and magnesium should also
be assessed, as other electrolyte abnomalities can also cause seizune
activity:



Vancomycin Dose Determination Based
on Estimated Creatinine Clearance in a
Child

M. R., A &-YEAR-OLD FEMALE, 5 curmently in the PICU recowvering from
cardhac surgery (post-operative day 70 M. B's blood culture today is
positve for methicilin=resistant Stapfnwloceccus aweus and vanco-
mycin therapy i to be nitisted. Vital signs include: BP $5/42 mm Ha,
HR 142 beatsmin, RR 27 breaths'min, and temperature 101.2°F Her
heightis 101 om (507 percentie for age ; weight is 16 kg (50" percentile
for age). body suface area is 047 mf,  Lacomtory data includes:
sodium 140 mEgyL, potassium 3.8 mEgyL, chioride 102 mEgyL, total Ca,
28 mEQL, BUN 42 mgrdL, SCr 2.4 mgfdl, and glucase 109 mgidL.

Question: Knowing the following nfomation, what dose of
vancomycin would you recommend for this patient?

The normal dose of wancormecin used at this hospital for a chikd of
this age iz 40 mgfkg'day divided q & hr. The recommended dasing
achustment for patents with renal chsfunction is as follows:”

Crll 7089 mLUimin.73m®: Admineter the normal dose q 8 b
Cnl 46-4% mLU'min/1, 73mE: Adminster the normal dose q 12 hr

R N e P saTRE B & O . i1 ey -




Yancomycin Dose Determination Based
on Estimated Creatinine Clearance in a
Child

M. R, A &-YEAR-OLD FEMALE, i curmertly In the PICU recovering from
cardhac surgery (post-operative day 70 M. B's blood culture today is
positee for methicilin=resistant Staofviacoccus dwens and vanco-
mycn therapy & to be nitiated. Yital signs include: BP 95/62 mm Ha,
HR 142 beats'min, RR 27 breathamin, and tempserature 1071.2°F Her
height is 101 om {50™ percentile for age ) weight is 16 ka (50" percentile
for age). body surface area is 047 mf  Lacomtory data includes:
sodium 140 mEgl, potassium 3.8 mEgyL, chionde 108 mEqyL, total Ca,
28 mEQL, BUN 42 mgidl, 5Cr 2.4 madl, and glucose 109 mgil.,

Question: Knowing the following mfomation, what dose of
vancomycin wauld you recammend for this patient?

The normal dose of wancormecin used at this hospital for a chikd of
this age is 40 makg/'day dvided q & he. The recommendied dosing
achustment. for patents with renal dysfunction is as foll ows:’

Crl 7089 mLUmin. 73m®: Admineter the normal dose q 8 Hr
Cnol 46-4% mLU'mindT, 73mE; Adminster the normal dose o 12 hir

R N A [ e T R - T Y TR B B | i1 ey &

Discussions Vancomycin s prmanly eliminated oy slomenilar
filtraticn in the kidney; B0% to 90% of a dose s excreted in the urine as
unchanged dnig, M. RB's BUN and 5Cr are elevated inchicating that she
hs renal impairment. This, the cose of vancarmein must be adjusted
for her renal chysfunction. Inorder to recommend an sppropnste dose,
MRS Crll needls to be cakculated. An estrmation of Crol from Mo RS
SCr and height can e ottained by using equation (5 and the kvalue of
0.55 for children 212 vears of age (Tabde 19-33. M. RS estimated CrCl is
23 mLimind1.73 m?. To determine the appropriate dose of vanconmycin,
oie must first calculate the nomal dose {12, as if the patient dicd not
heve any renal dysfunction), and then adjust the dose according to
the given guidelings. Since M. B weighs 16 kg, the nomal dose of
vancomycin would be 160 mg g & hr (40 mo'ke'dey dvided g & hr).
Snce M, R CrCl s 23 mlimind1.73m°, she should receive 160 mgq 24
hr. Appropnate therapeutic drug maonitorng should be performed to
aclust thes initial dosing regimen,



This is a 3 week old male infant who presents to the emergency department with a
chief complaint of vomiting x 3-4 days. His mother states that the vomiting has gotten
progressively worse and now seems to "shoot out of his mouth." The emesis always
occurs after feeding, sometimes vomiting the entire volume of his feed. The vomitus is
non-bilious and non-bloody. After vomiting, the infant remains hungry and is still eager
to feed. He is exclusively bottle fed with formula. There is no history of fever, URI
symptoms, or diarrhea. He is less active than normal. He is making fewer wet diapers
and less stool than usual. There is no history of trauma or recent travel. There are no il
contacts.

Exam: VS T 37.0, P 170, R 50, BP 80/50, 02 saturation 99% on RA. Length is 54 cm
(50th percentile) and weight is 3.6 kg (25th percentile; previously 50th) and head
circumference is 37 cm (50th). He is a well-developed, well-nourished male in no
distress. His skin is normal. HEENT exam is normal. His neck is supple. Heart
auscultation reveals tachycardia and a regular rhythm. Lungs are clear. His abdomen is
slightly distended with active bowel sounds. No hepatosplenomegaly is noted.
Attempting to palpate an olive mass is inconclusive. He has no inguinal hernias.
Genitalia are normal. Extremities are normal. Color, perfusion, and capillary refill are
good. Neurologic examination is normal.

CBC is unremarkable. Electrolytes: Na 131, K 3.2, Cl 95, bicarb 30. An IV fluid infusion is
started. An abdominal series shows no obstruction, but the stomach is dilated. An
ultrasound study confirms the diagnosis of pyloric stenosis. The patient undergoes a
pyloromyotomy and recovers without complications.



A previously healthy 4 year old boy is brought to an urgent care center by his mother for
difficulty breathing for one day. Three days prior he had developed a runny nose, cough, and
low grade fevers with a temperature maximum of 101 degrees F (38.3 degrees C). He continued
to take liquids well, but his solid intake has decreased. His temperature this morning was 103
degrees F (39.4 degrees C) and he was breathing fast and working hard to breathe. He does not
have any ill contacts. He has never been hospitalized or had any surgeries. He was born at term
without any complications. He is not taking medications other than acetaminophen. His
immunizations are up to date for his age (except he had not received the pneumococcal
conjugate vaccine). His parents and 10 year old sister are healthy and the remainder of his
family history is non-contributory. There are no smokers in the household, and he has not
traveled recently. He does not have a history of choking or vomiting. He has not had frequent
ear or skin infections. He does not have a history of foul-smelling stools.

Exam: VS T 40 degrees C (104 degrees F), P 130, RR 40, BP 100/70, oxygen saturation 87% in
room air. His height and weight are in the 50th percentile for his age. He is awake and alert, in
moderate distress. His conjunctiva and TMs are normal. His nasal mucosa is erythematous with
yellowish discharge. His lips and mucous membranes are dry. His neck is supple, with several
small anterior cervical lymph nodes. Lungs: Moderate subcostal, intercostal, and supraclavicular
retractions, symmetric expansion, dullness to percussion at the right base, increased vocal
fremitus over the right base, decreased air entry over right lower lobe with crackles, no
wheezes. Heart: Tachycardia, regular rhythm without murmur. Pulses are 2+, and capillary refill
time is 3 seconds. His abdomen, skin, and neurological examinations are unremarkable.

CBC WBC 20,000, 70% segs, 11% bands, 15% lymphs, 3% monos, 1% eos. Hemoglobin 12.4,
platelet count 280,000. Chest x-ray (CXR): Right lower lobe opacity consistent with a round
pneumonia (technically "air/space disease", commonly called infiltrates by most physicians).



Because of the hypoxia, he is given supplemental oxygen (with subsequent improvement in
oxygen saturation), as hospitalization arrangements are made. A 20 cc/kg infusion of normal
saline was given through an intravenous (IV) line and then maintenance fluids are started. A
blood culture is obtained and he is started on IV cefuroxime. He improves over the next day. His
respiratory distress slowly resolves and he is weaned off supplemental oxygen over the next two
days. His blood culture shows no growth. He is discharged home on high dose amoxicillin for a
total of 10 days of therapy. His discharge diagnosis is probably pneumococcal pneumonia.



This is a 9 year old boy who has enjoyed his usual state of good health until his
polyuria started 2 months ago. He began to lose weight and reported worsening
nocturia over this same period. His appetite increased although lately he has more
episodes of stomachaches. Today, he had a noticeably sweet smell to his breath and he
was breathing faster than usual so his mother brought him to his pediatrician.

Exam: VS T 37.0, RR 44, P 92, BP110/60, oxygen saturation 100% on room air. His
weight was 25 kg (25%tile). He is alert and cooperative. His skin is warm to his wrists
and ankles. His oral mucous membranes are tacky. His capillary refill is 3 seconds over
his chest. His skin was otherwise normal. His thyroid gland is approximately 1.5 times
the normal size. His heart rate is regular. He is slightly tachypneic with clear breath
sounds. His reflexes are normal. His abdomen has normal bowel sounds has no
tenderness. His genitalia and pubic hair are in Tanner stage I. The rest of the physical
examination is unremarkable.

His pediatrician suspects new onset diabetes mellitus. A urine dipstick in the office
shows 4+ glucose and 2+ ketones. No other dipstick abnormalities are noted. He is
clinically stable. He is hospitalized for further management and treatment. His initial
lab studies show Na 132, K3.3, Cl 99, bicarb 11, glucose 380, BUN 21, creatinine 0.4. He
is started on an IV fluid infusion and subcutaneous insulin.



