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Many providers appear to consider
“Rule-out Sepsis” as a simple categorical
matter

* Yes, infection/No — end of investigation.

* |f the culture does not grow a pathogen, providers may
consider some array of clinical signs and study results
nonetheless to indicate “Yes” (“Culture-negative sepsis”) —
with little consideration of alternative explanations.

* We generally don’t accept such an approach to diagnostic
reasoning for other pathological entities.

* |t is crucial to objectively —and when possible, quantitatively
— evaluate alternative possible explanations for a particular
array of clinical signs and study results.

o Today, we will examine what we mean by evaluating possible
explanations objectively and quantitatively.



Differential diagnosis underpins reliably
accurate diagnostic assignment

* Providers may feel that once they decide to initiate
antibiotics for a symptomatic baby, they and the
baby are “covered.”

* Such confidence may be warranted only when bacterial
infection is objectively the most likely explanation.

* Absent confirmatory culture results, providers may not
actually determine “the most likely explanation” from
systematic consideration of alternative explanations.

* “Most likely” should amount to a comprehensive and
guantitative assessment.

e Other explanations for the clinical presentation may
spontaneously resolve without medical intervention, but
perhaps sub-optimally.



Clinical/Lab/Imaging Information
From Previous Vignettes

* Maternal temperature 103 F shortly before delivery

e Difficulty with first oral feed
e ?Aspiration?

* Increasing respiratory distress at about 4 hours
after birth

 CXR with areas of consolidation

* Blood culture negative, or organism of unclear
pathological role



For each information
element just presented,
what explanation comes to
mind as most likely?

How many alternatives
explicitly come to mind?



ere are just a few possibilities

Not listed in rank order (varies with the individual baby’s
particulars

e Thermal stress

* Environmental

* Maternal temp — either low, or elevated — effect on neonatal metabolic rate vs
nutritional supply

* Retained fetal |ung fluid Physiology of Thermoregulation
* Delayed perinatal transition
* Circulatory : S 2o
* Unequal distribution of ' ’
ventilation .

* Hypoglycemia
* Aspiration
e Bacterial infection

e Viral infection



ere are just a few possibilities

Not listed in rank order, as this varies with the individual baby’s
particulars

* Thermal stress
* Environmental

* Maternal temp — either low, or elevated — effect on neonatal metabolic
rate vs nutritional supply

Retained fetal lung fluid
e Delayed perinatal transition  If Aspiration, or Pneumonia, what evidence

* Circulatory is there these can resolve clinically and
* Hypoglycemia radiographically in 2-3 days?
* Aspiration : : : :
Chemical pneumonia (especially meconium
* Bacterial infection | aspiration) typically lasts for weeks. The
* Viral infection inflammatory process of bacterial or viral

pneumonia plausibly does too (remains
radiographically evident), but these
guestions have not been rigorously studied.



Too often, we only see what we
look for




It’s hard to see

, - the ballerina in

this picture if

' you're used to

only looking

. for flamingos.
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Where is

“Aspiration”?

Arrhythinials ), 873885
fistal

assastament of, 873, 8740
brid}mrtlali. BT3-676
heart hlock and, §74-876
premature strinl and ventricular stopy and,
873574
techyeardin as, ST6-879
supraventricular, ST6f 876-579, 877F
vestitricular, 570
hydrops fetalis associsted with, G4, 67
an
bradycardin as, 570, 70-850, 880{
as, BH0-855
supraventricular, 880-884, 8811 B2
ventricular, 8841, 884-985
Arterial malformationds), cutanecus, 1535
Arhuim;ﬁuln hyperplasia, disphragmatic Lernia
Arterial puncture, pain m nt for, 443
Arteriovenous muﬂmmwlﬂunhl.
monnchorionic bwina, 58, 5t
Artoriovenows malformation(s 53
Arthritis, septic, peonatal, lﬂiw
Mﬂlmgl}p]ﬂs 35

s multiplex congenita, 1000-1001
e

Ascites, neonatal, 1103-1104, 1104F, 1104

pancreatic, 1104
renal and urinary tract disorders and, 1270
|.|.rinuy. 110%
with muptured ovarian cyst, 1104
Aseorbie seld, route, dose, adverse effects, and
cations regarding, 1555, 1566
Ash-lesf macules, 1527, 1587F
Amerpiflus infectiond(s), in neosatal intensive care
unit, 590
J50-352, 073
o, 350
physinlogy of, 350-351, 352¢, 353t 59

thrombocytopenia due to, neonatal, 11681169
Asphyxinting thoracic dystraphy, 758-760, T0F
Asplenin, neonatsl, B58-850, SBOJ
Asplenia syndrome, T80

Wm\uﬂm{m 56, 657

S I [

Index

Abrogine
fiow , B12
routs, dose, effects, and cautions
1558

Auditory brainstem responses (ABRs), 324
Aulocrine system, 46
Autoimmune neonatal thrmombosaopenis, matenmal
mn% thrombocytopenic parpara and,
- ¥

Autosomal deminant pﬂb'c:nixhdmjrlﬁm
{ADFED), 1276-1277, 1277f

Autosomal recessive polyeystic I*Inqdi.lnq
(ARPKDY), 19751278, 1976

Avery, Mary Ellen, 670

phocytes, 458§, 450460
Baby Doe case, 17
Calmette-Gudrin (BOG) vecine, for
tuberculosis prevention, 547
Bacdtracin, route, dose, adverse elects, and contions
1558

regarding,
Back, camination of, for dysmorphology, 157
Bactarial infestion(z). Seew aiso spacific imfections.
of central nervous systear,
of, 630, 831
Dersto dal wasnilingiths, noonaral, 366-573
clinleal manifestations of, 5568, 5706571t
of, 560, 571, 572
pathology of, 550
of, 573
therapy for, 571, 573
Bacterlal overgrowth, in short bivel syndroae,
L1350
Bacterial peritenitis. neanatal, 1104
Bacterial sepsis, neonatal, 551-568, 5521
ariite phase reactunts and erythroeyts
ndimeqhﬂﬁ-ﬁ rabe in, 560-56]
cerebrospinal in, 534
clinical manifestations of, 557, 557t
clinical spectrum of, 564



Index

Photatherapy, to rschace seram Dilirmbin production,
| 245-1250
Pleysical dependence, on poin medications, 444
Plrysical examination of neomate, 307L,
{30
for nasocomial infection, 306
gestational age assecoent s, 206
inspection |!}' systenn in, J0-315
of ilsdomen, 314, 314[, 315t
of chest mwd hings, 313
of ery, 311
of ears. 312
of eyex, 312 3127
nI' enitul syslem, 314-315
[ head, 311, 310t
nfimm el vascular system, 313-314
of mouth and lower face, 312
of musenloskeletal system, 315-317, 3160
of neck, 312-313
of neurologie system, 3171 317-318, 31Te-3191
S18F

of nose, 312
of slin, 311
of shull defects, 311-312
laboratory sereening in. 319-320
overall appearance in, 309-310, 310t
n I h’in_.‘llﬁ—"lg
of head, 318
of heart, 318-318
of renal system, 319
vital signs im, S07-308
weight. length, and bewd eircumference in,
J08-300, 3T
Plrysical maturity rating form, 1573
Plysiologie anemia of infaney, | 803, 1903-1204
. route, dose, adverse elfects, and
contions nv-gu\l imgr, 1566
Pichaldism, 1460, lﬂﬁ'
Pierme Robin syrdrome, 190, 300, T37-738
meated lesions, 1450
Pili torti, in inbom ermors of metabalism, 235
Pilocytic astrocytoma, neonatal, newmimaging
of, 31
“Ping-pangg hall”™ sign, in rickets, 1360
Piok, Peter, 473 B
Pipereillin, route, dise, adverse effacts. and cations
reganding, 1564
Pitressin, roule, dise, adverse effocts, and contions
ing, 1564
Pituitary deflciency, neonatal hypoghyeemio due to,
1416
Pitvrospornm follicnlitis, 1477
Pius XI1, Pope, 159
Placent
anabory of, 24, 36, 26[, 26, 271
circummmlkate, 26, 277
embryologic developrment of, 23, 24, 250
exarnination of, 37-28, 35, 20t
Festadd gl restriction related o, 33-34
I e —— <]

[N B —— T

Flasma
concentmbions in, in neonates, 1147, 11]
rote, dose, adverse e ects, und cation|
L4
Plasmin, remuution of, 1150
Piasminogen, fetal. 1147
Plastic blankets, for temperatare regilatio
premature infnts, 308
Plastic hoods. For temperature negolation o
premature infanks, 367
Platesu drag concentrations, 434, 4341
Platelet(si, 1150, 1152
activition and secretion of, 1152
ﬂ.ﬁmlﬂn of, 1150, 1152
som of, 1152
rmn' of, 1168-1172. See alo sl
epmlitative. 1172
ruemtitative, 11681172
in neomate, 1150, 1152
fumetion of | 1156, 1152
FPlatelet concentrates, for throm boe
1181170 i
Platelet cound(s)
developmental changes n, 1141
in hatenal . S0
Platelet frnetion
indomnethacin and, 5232
testing of, 1152
Flatelit replacement, for intraventricika bf
revention, 1158
Platelet-derived growth Ector (FDCF), fef
devebmament and, 318, 56
Plecomnaril, for enteroving infection, e
Fleural evity disordler(s ), T61-T63. Ser alsd

.

Flevral effusion
diagnosis of, 71, TR
pathomechanisms of, 761

Plesral Mkl
ceanue of, decreased, T61
tiltration of, Increased, TH1

Plaripotent stem cells (PPSCs), 1215
biology of, 1135.1136

Passirrirocyatis cavindi paedmonis (PCP], ve

HIV/AIDS, 457-455

Precamsediastimn, with vechamical ven

FRGATG

clingnosis of, 662, 6637 |
epidomiolsy of, 562 |
natural history of, 662
trestment of, G62-663
Preamania, sasocomial, definition of, 5T
Pm.-lllh{leritm'ﬂium. with meclmnical venl
mamf
B , with 1 | vent
]’l‘n’lmﬁthnm mlh mechanical ventilatior
diagnosis of, 662, 661
epidemiology of, 662
natural ldstory of, 662
trestmant of, B62-H63

Ml e WEN

Where is a general discussion of
“Pneumonia”?
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Is this really a
“common problem
in the newborn

nursery?”

Or, do we just
commonly think
of it?




Aspiration is
not listed




Pneumonia?

Where are
Transient
tachypnea,
Retained fetal
lung fluid?



Are We Lockec
Categorli

Into Unrepresentative

es for Thinking?

TABLE 1 Distribution of EOS and LOS Rates, Percentage of All Live Births Who Received a Newborn Antibiotic Exposure and Sepsis Diagnostic Efficiency

Hospital-Level

10th 25th a0th 75th 90the Lowest Highest Statewide

Mean Percentile Percentile Percentile Percentile Percentile
(SD)
Percentage of births exposed to antibiotics 8.53 (B.27) 3.67 469 7.35 8.55 14.14 1.59 4254 843
Diagnostic efficiency, EOS + LOS 66.35 (91.70) 16.54 26.06 41.25 69.50 122.00 7.25 781.00 3426
EOS
Rate (cases per 1000 live births) 0.72 (0.69) 0 0 0.53 1.17 1.70 0 2.89 075
{ Diagnostic efficiency 95.08 E?HdJ 33.44 4687 69.52 122 84 178.54 1145 33575 8882
LOS
Rate (% of admissions with high iliness acuity)  3.18 (3.10) 0 0 299 4.69 725 0 18.75 367
Diagnostic efficiency 19.60 (24.02) 5.88 7.09 12.18 22.36 36.96 202 16401 10.35

Few of us are guided by an objective evidence base derived from our own experience.

Schulman J, Benitz WE, Profit J, et al. Newborn Antibiotic Exposures and Association With
Proven Bloodstream Infection. Pediatrics. 2019;144(5):e20191105



Basics of Medical Bayesian Logic

One can’t interpret a test result without considering
pre-test probability.

* Most tests are imperfect; they do nothing more
than adjust probability — which may or may not
“rule in” or “rule out” the disease.

o Depends on the situation: risk of not treating when you
should have; risk of treating when you shouldn’t have.

How often do we actually consider an explicit pre-
test probability estimate at the bedside?

* We tend to charge ahead ordering tests without
explicitly considering what the new information
may be reasonably expected to contribute.




Likelihood Ratio

* LR tells you how likely it is a patient has a disease or
condition.

* The higher the ratio, the more likely a patient has the
disease or condition.

* A low ratio means that they very likely do not.

Likelihood Ratio = probability a person with the condition has a certain test result

probability a person without the condition has a certain test result

* Positive LR: Tells you how much to increase
the probability of having a disease, given a positive test
result.

* Negative LR: This tells you how much to decrease the

probability of having a disease, given a negative test
result.



T+ Adjusts probability
upward LR(+)
a number > 1

T- adjusts probability
downward LR( -)
a fraction < 1

Fig 1 Nomogram (adapted from www.CEBM.net with permission) to
convert pre-test probability to post-test probability using the
likelihood ratio. The line refers to a text example



Test Results Are Useful In Relation to
Conceptual Thresholds for Action

e Test-treatment, or treatment threshold

* P above which dx sufficiently likely to warrant
treatment

* Pre-test P > treatment threshold
o Confirmatory test to increase P(D) does not contribute.

* No test-test, or test threshold

P below which dx warrants no further consideration

* Pre-test P < test threshold

o Exclusionary test to further decrease P(D) does not
contribute.

Richardson WS, Wilson MC, Guyatt GH, Cook DJ, Nishikawa J. Users’ guides to the medical literature: XV. How to use an
article about disease probability for differential diagnosis. Evidence-Based Medicine Working Group. JAMA 1999;281:1214-9.



No treatment Test Treat

Tt P Ttrx

Test may be diagnostically useful when pre-test P(D+) high enough to test
for, not high enough to treat, and if the test can move the P(D+) across
either threshold




Did you notice, this is the
conceptual approach
behind the Kaiser sepsis
calculator?



=

Table 4. The likelihood ratios of clinical findings for neontal bacierial

“infections.
|
| Clinical finding Likelihood ratio
|
‘Common signs
Pallor 14.4
Poor feeding 8.7
| Tachycardia/arthythmia 5.6
l Decreased peripheral perfusion 5.4
Unstable blood pressure 4.0
Abdominal distention 35
Apnea 3
Lethargy 23
Hyperbilirubinemia 2.0
Retractions 1.7
Grunting 1.6
Abnormal tone 1.6
Tachypnea 1.3
Cyanosis 0.3
Temperature instability 0.7
Uncommeon signs
Purpura 47.0
Omphalitis 325
Vasomotor instability 8.1
Bleeding 6.5
Pustules 6.1
Bulging fontanel 5.4
Splenomegaly 41
Rash 4.0
Diarrhea 3.6
Seizures 23

If one is starting with a low probability
of bacterial infection, most of these will
not substantially change the
consideration.

Current Opinion in Infectious Diseases 1995, 8:191-199



No treatment Test Treat

Tt P Ttrx

* The error in post-test P attributable to a physician’s
estimate of pre-test P might be more important than
the error involved in many medical tests

* Error or bias in P estimates could mean many
hypotheses cross the test or test-treat threshold,
demanding more tests be performed and more patients
be treated, some unnecessarily.

* Some say it is unnatural for people to give numerical
estimations, and that using verbal estimations (such as
‘pretty sure’ or ‘unlikely’), may yield more reliable
answers

Probabilistic reasoning and clinical decision-making:do doctors overestimate diagnostic probabilities?
A. CAHAN, D. GILON, O. MANOR and O. PALTIEL, Q J Med 2003; 96:763-769




(BMJ 2006;333:445)

If something always happened, what percentage frequency would you assign to that event? Presumably
100%. And if something never happened? Presumably 0%. Well, not everyone shares that opinion... The table
shows combined results of seven studies of what people mean (Drug Safety 2005;28:851-70)...

For comparison, ...definitions from the Oxford English Dictionary. Look, for example, at “occasionally,”
“infrequently,” and “seldom”... according to the dictionary they all mean roughly the same thing. ...perhaps
when we use words like this we should remember what the German conductor Hans Richter supposedly once
said: “Up with your damned nonsense will | put twice, or perhaps once, but sometimes always, by God, never.”

Interpretations of words used to indicate frequencies

Interpretation (range

Word of mean percentages) Definition in the Oxford English Dictionary

Invariably/always 91-100 At every time, on every occasion, at all times, on all occasions. Opposed to sometimes, occasionally

Almost always 85-94 —

Normally 71-81 Under normal or ordinary conditions; as a rule, ordinarily

Usually 70-84 In a usual or wonted manner; according to customary, established, or frequent usage; commonly, customarily, ordinarily; as a rule
More often than not 64 —

Common(ly) 56-69 As a usual circumstance; as a general thing; in ordinary cases; usually, ordinarily, generally

Often 42-71 Many times; at many times; on numerous occasions; frequently; for a significant amount or proportion of the time
Frequent{ly) 36-72 At frequent or short intervals, often, repeatedly

Not infrequently 24-35 Rather frequently

Occasionally 17-21 Mow and then, at times, sometimes; irreqularly and infrequently

On occasion 12 As need or opportunity arises; now and then, occasionally

Infrequently 12-14 Mot frequently; somewhat rarely, seldom

Sometimes 11-33 On some occasions; at times; now and then

Seldom 7-8 On few occasions, in few cases or instances, not often; rarely, infrequently

Almost never 2 Scarcely ever

Very rare(ly) 0.8-3 —

Rare(ly) 0.5-9 Seldom, infrequently, in few instances

Exceptionally 0.4-1 Uncommonly, unusually

Mever 0-2 At no time or moment; on no occasion; not ever




Invariably/always
Almost always
Normally
Usually

More often than not
Common(ly)
Often
Frequent(ly)

Not infrequently
Occasionally

On occasion
Infrequently
Sometimes
Seldom

Almost never
Very rare(ly)
Rare(ly)
Exceptionally

Never

BMJ
91-100
85-94
71-81
70-84
64
56-69
42-71
36-72
24-35
17-21
12
12-14
11-33
7-8

.8-3
.5-9
4-1
0-2

6W
98-100
75-99
50->90
50-90
25-100
10-80
50-80
50-80
33-85
10-40
10-30
5-20
4-40
<2-20
1-10
.5-20
1-20
.01-10



Neonatal MRI to Predict Neurodevelopmental
Outcomes in Preterm Infants

Woodward, Anderson, Austin, Howard, and Inder
N EnglJ Med 2006;355:685-94

Methods

We studied 167 very preterm infants (gestational age at birth, 30 weeks or less)
to assess the associations between qualitatively defined white-matter and gray-
matter abnormalities on MRI at term equivalent (gestational age of 40 weeks)
and the risks of severe cognitive delay, severe psychomotor delay, cerebral
palsy, and neurosensory (hearing or visual) impairment at 2 years of age
(corrected for prematurity)...

Conclusions

Abnormal findings on MRI at term equivalent in very preterm infants strongly
predict adverse neurodevelopmental outcomes at two years of age. These
findings suggest a role for MRI at term equivalent in risk stratification for these
infants.



Conclusions

Abnormal findings on MRI at term equivalent in very preterm
infants strongly predict adverse neurodevelopmental outcomes
at two years of age...

”,. 6

What do they mean by “strongly”? “Almost always”; “often”;
“sometimes”? Does it depend on whether you're speaking to
someone at your own NICU or in Boston?

*Using incidence data provided in the article for
I. severe cognitive delay
i. severe motor delay
iii. CP
IV. neurosensory impariment

and based on the test characteristics in the following Table, how much does the post-
test probability of certain outcomes change?



Table 5. Sensitivity and Specificity of Findings on MRI and Cranial Ultrasonography in Predicting Severe Neurodevelopmental
Impairment at a Corrected Age of Two Years.*
Moderate-to-Severe White- Any White-Matter Abnormalities on Cranial
Matter Abnormalities Abnormalities Ultrasonographyy
Outcome (N=35) (N=120) (N=13)
Sensitivity ~ Specificity ~ Sensitivity  Specificity ~ Sensitivity Specificity
percent

Severe cognitive delay

Value 41 84 &9 31 15 95

95% ClI 23-61 76-89 70-97 23-39 4-35 89-98
Severe motor delay

Value 65 85 88 30 18 95

95% Cl 39-85 78-90 62-98 22-38 5-44 89-97
Cerebral palsy

Value 65 84 94 31 18 95

95% Cl 39-85 76-89 69-100 24-39 5-44 89-97
Neurosensory impairment

Value 82 82 89 30 16 95

95% Cl 48-97 75-88 65-98 23-38 4-40 89-97
Any neurodevelopmental impairment

Value 38 &9 84 34 11 95

95% Cl 25-51 80-94 71-92 25-44 4-23 89-08

* Cl denotes confidence interval.
‘ Abnormalities on cranial ultrasonography were defined as grade Il or IV intraventricular hemorrhage or periventricular

leukomalacia.
Neonatal MRI to Predict Neurodevelopmental Outcomes in Preterm Infants

Lianne J. Woodward, Ph.D., Peter J. Anderson, Ph.D., Nicola C. Austin, M.D., et al NEJM 2006;355:685-94



Likelihood Ratios

Moderate to Severe Any Abnormality Abnormality on
White Matter Abn Cranial Ultrasound
LR + LR - LR + LR - LR + LR -
Severe 2.56 0.70 1.29 0.36 3 0.89
Cognitive Delay
Severe Motor | 4 33 0.412 1.26 0.4 3.6 0.863
Delay
Cerebral Palsy | 4.06 0.417 1.36 0.19 3.6 0.86
Neurosensory 4.56 0.22 1.27 0.37 3.2 0.88
Impairment
Any 3.45 0.7 1.27 0.47 2.2 0.94
Neurodevelop
Impairment
Remember,

Positive LR: Tells you how much to increase the probability of having a disease, given a
positive test result.

Negative LR: This tells you how much to decrease the probability of having a disease, given
a negative test result.



Moderate — Severe White Any White Matter | Grade Ill or IV
Matter Abnormalities Abnormalities IVH or PVL on HUS
LR+ LR- LR+ LR- LR+ LR-
Sens/1-Spec | 1-Sens/Spec
Severe cognitive delay | 2.56 0.7 1.29 0.35 3 0.89
[PretestP_ 17%]
Post-test P ~30% ~10% ~21%  ~6% ~30% ~13%
[PretestP 10%)
~28% ~4% ~12% ~4% ~25% ~T%
Post-test
P
[PretestP_ 10%]
~32% ~4% ~12% ~2% ~24% ~8%
Post-test
P
Neurosensory 4.56 0.22 1.27 0.32 3.2 0.88
(hearing/vision impaired)
[PretestP_ 11%]
~31% ~2% ~13% ~3% ~27% ~10%
Post-
test P




Let’s Name The Problem

* Too often, we appear to be locked into unrepresentative
categories for thinking.

* Most of the babies we treat with antibiotics represent
indistinct diagnostic categories, for which our evidence
base is insufficient to objectively assign probability of
disease.

* We often devote insufficient effort exploring differential
diagnoses because the underlying pathophysiology
resolves spontaneously — so, “it doesn’t seem to matter”
that diagnosis is less than definitive.

o If we rule-out sepsis, we should rule-in the condition that
explains the baby’s problem.



Let’s Name

he Problem

* Our EMRs must help us compute the unintuitive,
guantitative aspects of our decision making for
possible bacterial infection and related differential

diagnoses.

* We must move beyond vague, undefined thresholds
for action when “ruling out sepsis.”

o At what estimated probability value that a patient has a
bacterial infection do we test, do we treat?

No treatment Test

Treat

Tt

Ttrx




