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Let’s Look at Ordinary Life for a
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Let’s Look at Ordinary Life for a
Moment -

DECLINE OF BODY FUNCTIONS WITH AGE
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In a “Network Conception” of physiology, what can
go wrong that affects function?-Nodes and Ends

The excess of nodes The disappearance of end-organs
* Cancers * Diabetes Mellitus
e Accumulation of — Nerves: feet, Gl, eyes
dysfunctional immune — Capillaries
memory cells — Beta cells (pancreas)

* Kidney Failure
— Glomeruli



The kidney
High Level

Pre-Renal Impairment

Intrinsic Renal Impairment

G I I i
A Normal perfusion pressure
Arteriolar resistances.
- Glomerular Injury
« Tubulointerstitial Mot
- Tubular obstruction
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; Afferent Proximal Tubule
Renal / Arteriole Distal Tubule
Artary 5

B Decreased perfusion pressure

1
Bladder
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Collecting Duct

Glomerulus

)

Normal GFR Normal GFR maintained
C Decreased perfusion pressure in the presence of NSAIDs
Glomerulus
Efferent Arteriole
Post-Renal Impairmenj
Source: DiPiro IT, Talbert RL, Yee GC, Malzke GR, Wells BG, Posey LM: Pharmacotherapy:
A Pathophysiclogic Approach, 8th Edition: www.accesspharmacy.com

D Decreased perfusion pressure in the presence of ACE-| or ARB
Copyright @ The McGraw-Hill Companies, Inc. All rights reserved.

Low GFR

. com
Copyright © McGraw-Hill Education. All rights reserved.

Low GFR
Source: D. L. Kasper, A. S. Fauci, S. L. Hauser, D. L. Longo, J. L. Jameson, J. Loscalzo: Harrison's Principles of Internal Medicine, 19th Edition.



The kidney--failure

With age With vitamin deficiency and insult
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In a “Network Conception” of physiology, what can go
wrong that affects function?-Connections and Regulations

Loss of Connections Failure of (Negative) Feedback

* Pruning of trees (isolation of .
end organs)

— Ordinary arterial vascular
disease .

— Amyotrophic Lateral Sclerosis
* Loss of network/network

interconnections

— Within nests

— Across types

Autoimmune diseases
Reentrant tachycardias

Cancers of many types
(cellular level)

Autonomously functioning
tissues (pituitary adenomas)



In a “Network Conception” of physiology, what can go
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In a “Network Conception” of physiology, what can go
wrong that affects function?-Connections and Regulations

Loss of Connections Failure of (Negative) Feedback

* Pruning of trees (isolation of .
end organs)

— Ordinary arterial vascular
disease .

— Amyotrophic Lateral Sclerosis
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Let’s talk colon cancer....

What it looks like What it looks like
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Let’s Stop those Cells!!!

Epidermal Growth Factor
Schematic—at the Cell Surface Stop it!

igand Binding and Dimerization Results in Pa"'t“t':‘é'g:: ;::"l’;it:':'r?:a“t‘:o:'"d'"g
TK Activation

EGF, TGFa or other Inhibition of EGF
ligands binding to EGFR binding to EGFR

. Panitumumab -
r) a

. \%;J-‘_gt-"'\ N

YaxoSmithKline
M
I | \ectibix: f
y lead to: Y ol
« A fully human* IgG2 monoclonal| | oy profiferation NCentrate for solution
antibody to EGFR val Nitumumab

«High affinity, K= 5 x 1011 M ogenesis
« Inhibits ligand-induced EGFR J Metastatic spread
tyrosine phosphorylation




What does this have to do with networks?

S o t h e re’s a n etwo r k Though the entire process of cellular protein production is complex and not entirely
understood, Weidhaas and Slack made a breakthrough by focusing on one small piece of

that puzzle: how a mutation in the KRAS gene can prevent the microRNA (miRNA) let-7
from binding to it well enough to control how much protein it produces.

\ Normal KRAS-variant

miRNA let-7 miRNA let-7
Able to Not able to
bind >< bind properly
KRAS gene 1 = KRAS-variant gene g
Normal protein production Excess protein production
KRAS KRAS
proteins proteins
Normal cell growth Abnormal cell growth

Malignant
O Cells tumor P

Cell Survival,

Transcription Praliferation,
i Invasion,
o Metastasis and All of us have KRAS genes, which produce In cells with the KRAS-variant mutation,
Nuclews Angiogenesis a critical protein. When miRNA let-7 binds let-7 cant bind properly to the gene to control

to a normal KRAS gene, it controls protein protein production, leading to unchecked
production for normal rates of cell growth. cell growth and, eventually, cancer.




What does this have to do with networks?

Those EGFR antibodies work only if KRAS is . .
normal Screen for network mutations first!

Anti-EGFR Therapy

Monoclonal antibodies

and KRAS mutations ¥ cetuximab or panifumumab > spec‘trum of gene mutations
('ﬁ Anti- EGFR drugs block receptor
orhm KRAS medapd ety Codon 1 189/Stop
EGFR 2 R o e mhinkor KRAS Elx ' ',1:';”" - MM \ﬂL TIIIIIE 7; %
on

Wild-type KRAS -- When the
EGFR receptor is blocked, WT
KRAS does not signal and the

EGFR Signaling
Pathway

Mutated KRAS --\When KRAS is mutated,
it is permanently “turmed on” and
downstream events can stil occur allowing

> 0/ - > >,
tumor celis do not proliferate the tumor to continue to proliferate gameel 290/0' GeeA AT g s
c.34G>T 7%; c.34G>A 5% c37G>T 3%
A . PCR
/ «— Biolinylated primer
—
—
KRAS Exon 1 Codons 12 and 13
atgactgaat atasacttgt ggtagttgga gotggtggeg taggcaagas tgecttgacg

tactgactta tatttgaaca ccatcaacct cgaccacege atcogttote acgoaactae |l Journat ot
Motecutar Diagnostics

! Ot

Cell Cycle Progression

AJP Collactions = CME~  Nows andMedia ~  For

(x) Cell Proliferation, Survival, Cell Cycle Progression Continues: I Ao 2 E=1 =
* Invasion and Metastasis --Cell Proliferation < Prevaus Aece AuQUt 2005 Volue 7, Issue 3, Pages 413421 et vile -
signals are blocked --Cell Survival
~Invasion and Metastasis Sensitive Sequencing Method for KRAS Mutation

Detection by Pyrosequencing

Detects: Detects: Detects:
codon 12 gat, gtt, got codon 12 agt, tgt, cgt codon 13 mutations
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Let’s go back to the “simple” case of the
lung and focus on the end units

Cross section 3-D Version

Cross Section Through Alveoli

epithelium type Il Capillary beds

Connective tissue

L )~
Alveolar sacs |_— | -

Alveolar duct

Mucous gland
Mucosal lining

YT |Pulmonary vein Alveoli
Pulmonary artery | Atrium
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So we can just lose end units

emphysema

So this is emphysema;
Most common cause
is smoking, of course

normal




Normal ARDS

Water
(and bone)
are “white”

Air is :
“black”




Normal alveolus »_‘] Injured alveolus during the acute phase
—.

Alveolar air space Sloughing of bronchial epithelium

Protein rich edema fluid
Type I cell

Necrotic or apoptotictype | cell
Intactivated surfactant

Epithelial i P
basement i ie)
(o)
membrane ° neutrophil Red cell
Lelﬁ(omenes

Type Il cell Oxidants Intact type Il cell

Interstiti Alveolar PAF
norsum macrophage Proteases ‘ Denuded
TNF-a, éel.lular A | basement membrane

IL-1

Hyaline membrane
Migrating neutrophil

Proteases Widened

edematous
interstitium

Procollagen

Endothelial 2
Fibroblast

cell A —
= (& /‘W Neutrophil
Endothelial — Ceplliany = &'f
basement = e e

Swollen,injured
endothelial cells

membrane  Red cell Neutrophil

Fibroblast Gap

formation

Source: McKean S, Ross ), Dressler DD, Brotman D), Ginsberg JS: Principles and Practice
of Hospital Medicine: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



Under the microscope:
Normal ARDS

=

Y5 4" respiravory duct

*
. -ﬂ, : pes¥ - K e wia
Mostly empty alveoli Alveoli full of protein rich (pink) fluid

and inflammatory cells



What has happened?
What to do?

Phase 1

In phase 1,injury reduces normal
blood flow to the lungs. Platelets ag-
gregate and release histamine (H),
serotonin (S}, and bradykinin (B).

Phase 4
In phase 4, decreased blood flow and
fluids in the alveoli damage surfactant
and impair the cell’s ability to produce
more. As a result, alveali collapse, im-
peding gas exchange and decreasing
lung compliance.

Phase 2
In phase 2, those substances—espe-
cially histamine—inflame and damage

Phase 3

In phase 3, as capillary permeability in-
creases, proteins and fluids leak out,

the y ,in-
creasing capillary permeability. Fluids
then shift into the interstitial space.

Phase §

In phase 5, sufficient oxygen can’t

] osmotic pressure
and causing pulmonary edema.

Phase 6
In phase 6, pulmonary edema wors-
ens, i ion leads to fibrosis, and

cross the

¥
but carbon dioxide (CO,) can and is
lost with every exhalation. Oxygen (0,)
and CO, levels decrease in the blood.

gas exchange is further impeded.

* Fluid from the plasmais
leaking into the
airspaces

* Have to somehow stop
the leak!
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Review Article
COMPARATIVE QUANTITATIVE MORPHOLOGY OF THE MAMMALIAN
LUNG : DIFFUSING AREA

By Pror, 5. M, TENMNEY and J, E. REMMERS
D v Hampshire

From ventilator-induced lung injury to physician-induced
lung injury: Why the reluctance to use small tidal
volumes?
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1. “Just increase the airway pressure”

A Conventional Ventilation

Low regional C_

Alveolar Alveolar
(olla;?se overd nsl‘cnh on Normal
| l
-I ' Alyeolar
o Sac )

Positive
<— pressure —>
breath

I &

Tidal Velume (ml)




This turns out to be a bad idea




1. “Just increase the airway pressure”




Normal ARDS

Water
(and bone)
are “white”

Air is :
“black”




Some physics:
the network is in the gravitational field




Gravity does a lot to the respiratory network

B
Zone 1
Pa > Pa=>Pv
Zone 2
Pa>Pa=Pv
Distance
Zone 3
Pa > Pv>Pa
Blood flow —»
LIPRIGHT SlIPINF

Source: Margan GE, Mikhail MS, Murray M1t Clinica! Anasthasiology,
4th Edition: http:/fwww accessmedicine. com

Copyright @ The McSraw-Hill Commpanies, Inc All rights reserved,




So we can use gravity to advantage




What we are really trying to do is buy time

* Biological networks * One way to “buy time”
have two additional is to take the network
characteristics off line and allow for

— Self repairing (for the self-repair
most part)

— Tendency to couple
* Weak oscillators




What we are really trying to do is buy time—
and nudge the network into a different attractor

v

2

2 presen t
o

‘B0 stat:
o

o @

‘@

2
o

Q

time

Condition ~ Condition

Temporal evolution of ph:

Condition Condition | Condition  Condition

* One way to “buy time”
is to take the network
off line and allow for
self-repair




Fact: Biological oscillators often have irregular
(“aperiodic”) dynamics

Readily observed
— Respiratory rate
— Blood pressure

Readily detectable

Respiratory Rate (Breaths/min)

— Insulin levels
— Interbeat intervals of the heart
Appreciable (only) in the lab 0 200 400 600 800 1000
— Cell cycle Breath Number
— Calcium transients Normal, healthy human

Medical record:
“RR=14/min, regular”



A BRIEF SIDEBAR ON AGING



Instantaneous
Heart rate

Aging and illness:

associated with decomplexification of dynamics

: * /; , Lowest

3
e

Time

2

Variability

) High

T Variability

Low
Variability



Variability in heart rate
diminishes slowly past middle age

Pikkujamsa SM, et al Circulation. 1999 Jul 27;100(4):393-9.

Spectral
(power-law)
scaling
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From Dr. Moorman’s Group:
Age, Entropy

o sinus rhythm

Age (years)

-3

-4

B

o sinus rhythm
e AF

0.1 1
Age (years)



Loss of variability predicts failure to
survive trauma

. 20 v T
* 1316 trauma patients NON-SURVIVORS
N=135

* Intermediate data density
(HR g 5 min)

* Independently predicts
hospital death by 12 h
following injury

Percent Low HRV
—
o L4 ]

&)
T

SURVIVORS N=1181

=

0 6 12 18 24
Hours Since ICU Admission



Two general failure modes of “healthy”
distributions and dynamics

Complete randomization

Highly periodic
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Uncoupling of biological oscillators: A complementary hypothesis concerning
the pathogenesis of multiple organ dysfunction syndrome

Godin, Paul J. MD; Buchman, Timothy G. PhD MD, FCCM

Critical Care Medicine: July 1996 - Volume 24 - Issue 7 - pp 1107-1116

Pathobiologic mechanism proposed two
decades ago

Supporting evidence in -~

— Neonatal sepsis / 9\

— Pediatric brain injury /
— Pediatric MOF \ & \



/ccmjournal/toc/1996/07000

Uncoupling of biological oscillators: A complementary hypothesis concerning
the pathogenesis of multiple organ dysfunction syndrome

Godin, Paul J. MD; Buchman, Timothy G. PhD MD, FCCM

Critical Care Medicine: July 1996 - Volume 24 - Issue 7 - pp 1107-1116

Pathobiologic mechanism proposed a
decade ago @
Supporting evidence in - ,._ \

— Neonatal sepsis L /
— Pediatric brain injury > . ~
— Pediatric MOF / /

_ . N\

Basic idea: as interconnections erode, '
delicate balance between \ ¢ )
synchronization and variation is lost, ol

patients get “stuck” in stable but
unfavorable states



/ccmjournal/toc/1996/07000

BACK TO OUR STORY



“Administer variability as therapy”:

fractal ventilation
RD vs Window Size

Instantaneous Respiratory Rate
(log-log scale)

30
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o 10 (14 |
e ki
| | I
" - 1 16 256
0 1024 2048 . .
Window Size

Breath Number

Multifractal structure in ordinary physiologic variation



Vr(mL)

“Administer variability as therapy”:
fractal ventilation

RD (%)

N
|

fractal
'#Wﬁ‘*ﬁ*' :

0 200 400 600
i Time (sec)
100
RD (%) = 17.1 WV ™
R*=098
10 - *
1 . T
1 10 100
VIV,

PaO, (mmHg)

fractal

conventional

50 - ‘ . . . .
B/lL Post 1Hr 2Hr 3Hr 4Hr 5Hr

OA Time

Improved Arterial Oxygenation with Biologically
Variable or Fractal Ventilation Using Low Tidal
Volumes in a Porcine Model of Acute Respiratory
Distress Syndrome

ABDULAZIZ BOKER, M. RUTH GRAHAM, KEITH R. WALLEY, BRUCE M. McMANUS, LINDA G. GIRLING,
ELIZABETH WALKER, GERALD R. LEFEVRE, and W. ALAN C. MUTCH

Department of Anesthesiology, University of Manitoba, Winnipeg; Department of Critical Care Medicine, and Department of Pathology and
Laboratory Medicine, McDonald Research Laboratories/The iCapture Centre, University of British Columbia, Vancouver, Canada



Yet physicians persist with “monotonous” (or
invariant) support strategies

* Onany givendayinan ICU
aggregate, more than 2/3 S
of the mechanically
ventilated patients are
receiving breaths that do

No. of Patients Mechanically Ventiated [Bars)
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Endotoxemia

Endotoxin

LT ; :
. Bacterial
Gut translocation
Microblots. to blood flow
dysbiosis and tissues



Decreased physiologic variability as a generalized response to
human endotoxemia—experimental, 4 ng

Organ level

— heart rate

Cell level

— neutrophil phagocytosis
Molecular level

— Plasma cortisol

1.600
o L M
1.200
mat T —
—o—Baseline
1.000 \‘I | Lre |
| -
0.800 |
0.600
0

s After Treatment

heart rate, approximate entropy

serum cortisol



Decreased hormonal variability with long-term

critical illness

Initial response of pituitary bt e
to critical illness: increased “ |
levels and frequency of

GH (pg/L)
? I

hormone secretion
After 7-10 days of

o
=
=

mechanical ventilation and
other ICU support,

PRL (ug/L)

e

secretion decomplexifies - o

9 hours 9 hours

oéh

9 hours



Uncoupling in real time:
Clinical

Ultra low-frequency
oscillations in cardiac output

Critically ill adults with sepsis,

systemic inflammatory
response syndrome, and
multiple organ dysfunction
syndrome
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A young woman with fecal peritonitis:
Loss of complexity in C.0. assoc. with decompensation

N Nt A
— N o
high t

emperature

Temperature (C)
e decomplexification

24 hours Data: Adam Seiver, M.D.



Loss of variability, uncoupling, predicts descent into
multiple organ failure

Two similarly septic
(identical APACHE 2 scores)
patients

First 24 hr of data

During the second 24 hr, the
patient represented on the
right (D,E,F) developed
multiple organ failure and
died on day 12.
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Dynamics in Two Coupled Dimensions

Respiration (CO,)

Lungs
- Heart Rate
mona
circulatiorg o J_Pulmonary arte (H R)
Pulmonary vein
Vena cava
—— , Arterial
Venous olooc
yenous ! | Pressure
e (ABP)

Oxygen Saturation (SaO,)




Synchrogram
phase of respiration at the time of R peak in ECG

) = |
T

heart

Droey (1) MoOd 2 7 M]

Y




Familiar, dissimilar biological oscillators: heart and

4rm,
2 cycles
of respiration

lung

Schafer C, et al. Nature (1998) 392:239

Experiment: Healthy athlete, at rest (synchrogram)
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Synchrography in action: The ICU
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Synchronization in the ICU

“Natural Clinical Experiment”:
Spontaneous Breathing Trial (SBT)

BEFORE

Controlled Ventilation:

assisted control (A/C)
f=(12-18)min-1=(0.2-0.3)Hz
Tidal Volume=(6-10) mL/kg

‘ pressure (t)

time

30 min

SBT

Spontaneous
Breathing
continuous positive

airway pressure
(CPAP)

AFTER

Controlled Ventilation:

assisted control (A/C)
f=(12-18)min-1=(0.2-0.3)Hz
Tidal Volume=(6-10) mL/kg

‘ pressure (t)

time

30 min
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Synchronization in the ICU (phase)




Synchronization in the ICU (phase)

2.
$ AN, o K fed ‘\k
18 , . ,;::i:?? :5’3‘: \;;‘»fm)g'”:%\ % Mr“ ’; ‘: & .j oo f'.ﬁ
RS, “:%""{2\ REPF A I L NS 93%‘?"“.&.,",”;& s '.‘ 3‘3
1.8‘ ; : %:‘x;‘\'; “=~“ 9, ../:‘ R ,,W. ¢t, ’g‘ Kk ,5'\ M y‘w‘sf:‘.&
e e S S
N PR L L 4 "/' AR ) l‘(p W s 5@,,?': SN,
R 32T AR SN Mo SR L g R e L A
1740 mpfmaiior s’ L e sy &"3‘} % ¢ .&,’ ";'&M&:‘.&}”‘ﬁ
A R IR ‘5"":: “’("?\&: %‘M‘ d"’,g 7% & M s"‘“;&“‘
. oy ) 54 i
1 o B T RN A N T W M s A Vv . A, ?%’t}“. 3
4 31 A % :br M&&‘ “\“,.{:‘ﬁ. o " .%?',;. “’:ﬁ
I ————_ ) {drey el i i N \.c.‘m* '«.’o.,w.,‘. B ot
— R o W R R TN
05 a0 d 0, 35 BGET et ‘Ig ol ,.."w v‘f’é‘*\ iyt ity ‘?:*ﬁkt
K b m” o ’&’v«w’ ’»”"‘:
U.ll;-w-w w t ,
i . o
Tt s
[ . .
04 et : % % : XA T il AT
0 500 ZDDD 2800 SDDD SSDD 4000 4500

1:5  Trying to adapt...and not doing well



Synchronization in the ICU (phase)
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Synchronization in the ICU (phase)
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Power spectrum

Projections into other systems

Entrainment of other waveforms
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Summary

Networks are the basis of physiology

Pathophysiology is often the clinical
manifestation of a “network gone bad”

— “Fixing” the network can require ingenuity

— “Fixing” the network can have unexpected effects
Classifying the network anomalies is a first step

Detecting network anomalies in clinical medicine
IS just beginning—you can help!



