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Olgu

* 82, K(80kg/1.50m)
* {leus — OP (postop 5. giin)
* Ajite, GKS:13, norolojik fokal bulgu YOK

* DSS: 28/dak., geri-solutmasiz rezervuarlh maske — 10L/dak O2,
Sp02: %90

* KAH:126/dak (ritmik), TA: 90/40 (58)mmHg
e Hb/Htc: 8/28

* Batin gergin, hassas

e Dilirez AZ (son gilin, sondasiz




Olgu

WBC (%naotr): 21.000 (%92)
CRP: 200

PCT:20

TOC: 39°C

e Batin dreni: 300mL (son gtin)
IAB: 30 cmH,0 (22.06 mmHg)




TANI?7??7

*Sepsis

* Enfeksiyona karsi olusan, diizenli olmayan konak yaniti
sonucu gelisen yasam tehdit eden organ islev bozuklugu.

Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016 (Crit Care
Med 2017; 45:486-552)
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SEPSIS TANI ALGORITMASI

Enfeksiyon giiphesi
veya
Kanitlanmis Enfeksiyon

SEPSIS
stiphesi

+ Klinik durumu gozie
+ Olas sepsis icin tekrar degeriendir
W EVET
SEPSIS | | SEPTIK SOK
\ 4 A\ EVET

Swvi verilmesine ragmen;
1. OAB 265 mmHg olmas! igin
vasopressor gereksinimi VE 2. Laktat > 2 mmol/L

\. J

* Enfeksiyon baglamadan dnce hastada bilinen akut veya kronik organ
disfonksiyonu YOK ise bazal SOFA skoru sifir olarak kabul edilmelidir.




Enfeksiyon giiphesi
veya ‘l—l_l—l_l_l_l_>

Kanitlanmis Enfeksiyon

W ever intraabdominal
Enfeksiyon gliclii

SEPSIS suphesi
suphesi

V HAYIR

* Klinik durumu gozle ]

» Olas! sepsis igin tekrar degerlendir

[ SEPTIK S$OK
A EVET

Sivi verilmesine ragmen;
1. OAB 265 mmHg olmas! igin
vasopressor gereksinimi VE 2. Laktat > 2 mmol/L




Enfeksiyon giiphesi
veya
Kanitlanmis Enfeksiyon

SEPSIS
suphesi

V HAYIR

* Klinik durumu gozle
» Olas! sepsis igin tekrar degerlendir

|

[ SEPTIK SOK

A EVET

Sivi verilmesine ragmen;
1. OAB 265 mmHg olmas! igin
vasopressor gereksinimi VE 2. Laktat > 2 mmol/L

qSOFA (quick SOFA)* kriterleri

Solunum sayisi 2 22 /dak
Sistolik kan basinci £100 mmHg
Mental durumda degisiklik (GKS < 13)

GKS: Glasgow koma skalasi skoru
* Ug parametreden ikisinin varligi pozitif olarak kabul edilir

OLGU

DSS: 28/dak
SAB: 90 mmHg
GKS: 13

3+




Enfeksiyon iphesi

Kanitianmis Enfeksiyon

W ever

 Kiinik durumu gozle
ware B | | Olast sepsis igin tekrar degerlendir

L]
Y ever ‘ n

[ SEPSIS ] [ SEPTIK sox]
\4 A EvEr
Sivi verilmesine ragmen;

1. OAB 265 mmHg olmas! igin
vasopressor gereksinimi VE 2. Laktat > 2 mmol/L

SEPSIS
sliphesi

W HAYIR

SOFA Skoru (Sequential Organ Failure Assessment Score)

Puanlama
Sistem 0 1 2 3 4
<300
Solunum < 400 MV var <200 ve <100 ve
Pa02/Fi02 2400 MV var R MV var MV var
(mmHg) veya yok Yay
Koagiilasyon
Trombosit 10°/ 2150 <150 <100 <50 <20
mm?
Karaciger
iliriibin (mg/dL) <12 1.2-1.9 2.0-5.9 6.0-11.9 >12
. Dopamin
2"5”:"": 5.1-15 Dopamin > 15
OAB 2 dob ?’_ veya veya

Kardiyovaskiiler 70 OAB<70 m::‘ ?h:r- adrenalin adrenalin > 0.1
Hipotansiyon mmHg mmHg e £0.1 veya

hangibir : *

ot veya noradrenalin > 0.1
dozda) :
noradrenalin
<0.1*

Norolojik GKS 15 13-14 10-12 6-9 <6
Bobrek 55
Kreatinin mg/d| 3.5-49 .
vaida <12 | 1219 | 2034 Debi<500 DrenbL' /;gr?o
idrar debisi mL/gin

* En az 1 saat streyle pug/kg/dak dozunda verilmis olmali.
MV: Mekanik ventilasyon, OAB: Ortalama arter basinci, GKS: Glasgow koma skalasi skoru.




Enfeksiyon iphesi

Kanitianmis Enfeksiyon

SEPSIS
siiphesi

V HAYIR

;  Kiinik durumu gozle
ware B | | Olast sepsis igin tekrar degerlendir

[
Y ever ~ L
[ SEPSIS ] [ SEPTIK SOK ]
\4 A EvEr

Sivi verilmesine ragmen;
1. OAB 265 mmHg olmas! igin
vasopressor gereksinimi VE 2. Laktat > 2 mmol/L

P/F:= 250
PLT:200.000
Bil.: 1.1

OAB: 58mmHg
GKS: 13
Kre./idrar: 1.3

SOFA Skoru (Sequential Organ Failure Assessment Score)

Puanlama
Sistem 0 1 2 3 4
Solunum <400 <200 ve < 100 ve
Pa02/Fi02 2400 MV var MV var MV var
(mmHg) veya yok
Koagiilasyon
Trombosit 10°/ <150 <100 <50 <20
mm?
Karaciger
ilirdbin (mg/dL) 1.2-1.9 2.0-5.9 6.0-11.9 >12
. Dopamin
2°5p3:": 5.1-15 Dopamin > 15
OAB 2 R ty- veya veya

Kardiyovaskiiler 70 m::\ (L:n:r- adrenalin adrenalin > 0.1
Hipotansiyon mmHg i <0.1 veya

hangibir : -~

dozda)* veya noradrenalin > 0.1

noradrenalin
<0.1*

Norolojik GKS 15 10-12 6-9 <6
Bobrek 55
Kreatinin mg/d| 3.5-4.9 A
Jaida <12 2034  Debi<500 D:’L' /;]2:0
idrar debisi mL/giin

* En az 1 saat streyle pug/kg/dak dozunda verilmis olmali.
MV: Mekanik ventilasyon, OAB: Ortalama arter basinci, GKS: Glasgow koma skalasi skoru.




SEPSISTE ACIL TEDAVI ALGORITMASI

\4

Sepsise bagh hipoperfuzyonda ilk 3 saatte en az 30 mLkg IV kristaloid sivi verin

A4

[ il
Ek sivi gereksinimi igin; [ OAB hedefi 2 65 mmHg ] [ :D* ;gl;;s:); KKY :g:: (
*Kiirik Muzyene . A 4
“Fiayoieji Deigherier SEPTIK SOK
* (Nabiz, KB, Sa02, SS.
vozut sakigy,ldrar giksi vo.) \ 4 Kz 30 mkg Kristaloid
* Dirarrik > slatk L
hemodnamik dagiskenier Swvi verilmesine ragmen; OAB 265 mmHg olmas igin
\ ) { vasopressor gereksinimi ve Laktat > 2 mmollL
Pramoni e yiiksek alam
i B
TANI 02 Ihyac (
Antbiyetik docesi en &2 ki 2at kan kil v Y
(@erobik ve anaerbik) alin ancak
antimikrobiyal tedaviyl GECIKTIRMEYIN ! [ETE veya MV YOK) [ Entilbe + MV'nda
" 7
a 3
1 833t Iperainde ampik genis-spektrumiu 30mi%g Kristaloid infilzyonunu ) 30mikg
antmisrobiydl ledav baglayn saifayabilmek igin ETEMV Dizin Kristaloid
-
Hah kaynak kontroll saglayn
| A
\4
Ileri Tedavi kgin YBU'ne Transfer Edin Toplam 30 mlikg Kristaloid infizycnus
Santral kateter + Arter Kateteni Takin (S1k cksijenasyon dederendiverek)
Solunum ve Hemadinamik Monitarizasyan Yapin A

[ omsmm ]| <




v =y -~

(Commmmn )<

y . g . = DOPAMIN: Yalnez bradikardi varkginda
[ [l Tercih Noradranalin (NA] OAB = 65 mm Hg olana kadar; Doz=35-90 pgidk ] (
-
[ 0AB Heaefine ulagikh ] 0AB Hedzfine ulagilamad: ]
\
NA'e devam edin veya Vazopressin 0.03 Uidk [ Vazopressin 0.03 Uik dozuna kadar ekleyin
dozuna kadar ekleyerek NA dozunu azalin L 200 mg Hidrokortizon IV eklemeyi disginin
0AB Hadefire ulagld: ] 0AB Hedefins ulaglamadi
Ek swvi veya inotropik tedavi karan igin; Adrenalin (A) 20-50 pgidk ekeyin
200 my'gin Hidrokartizon 1V skleyin
+Nabiz, KB, Wrar glusi
« Exokardiyograf A 4 A 4
+ Invazif / nonimvazf CO algimi
PPV OAB Hedefne ulssiih OAB Hedafine ulagiamad
« Laklat kirensi ( normaizasycnu

+ Dinamik algimier (sivi bolusu veya pasif bacak kaidirma tasti}

« Svi replasmaninda yaksek knstaiond hacimienne gereksinim olursa albOmin vemeyl disinin
+ bsrarli hipoperfizyon varliginda dobutamin eklemayi diginin
+ HES kudanimundan kagmin

KISALTMALAR;

KB: Kan basinc, SS: Solunum saysi, OAB: Ortalama arfer kan basinci, HD: Hemodiyalz, SDBY: Son dinem bdbvek yetersaligi,
KKY: Konjestif kalp yeterszligi, HES: Hidroksielil nigasta, ETE: Endotrakeal entibasyon, MV: Mekanik ventitasyon, SVB: Santral ven basinc;
PPV: Puise prassura variability (Nabiz basinci dagiskenligi)




A. BASLANGIC RESUSITASYONU

1. Sepsis ve septik sok acil durumlardir, tedavi ve resiisitasyona
hemen baslanmasini 6neriyoruz (BPS = en iyi uygulama bildirimleri).
2. Sepsise bagli hipoperfiizyon durumunda ilk 3 saatte en az 30 mL/
kg IV kristaloid sivi verilmesini dneriyoruz (kuvvetli éneri, diisiik
kanit diizeyi).

3. Baslangig sivi resisitasyonunu takiben hemodinamik durum yakin
takip edilerek ek sivi gereksinimi belirlenmelidir (BPS).
Aciklamalar: Degerlendirme, detayl klinik muayene ve miimkiin
olan fizyolojik degiskenlerin (nabiz, kan basinci, arteriyal oksijen
satiirasyonu, solunum hizi, sicaklik, idrar ¢ikisi ve digerleri) takibini
ve diger noninvazif veya invazif monitdrizasyonu icermelidir.

4. Eger klinik degerlendirme kesin taniya ulastirmazsa sok tipinin
belirlenebilmesi igin ileri hemodinamik degerlendirme (6rnegin
kardiyak fonksiyonun degerlendirilmesi) 6neriyoruz (BPS).

5. Siviya yanitin degerlendirilmesi icin statik degiskenler yerine
dinamik degiskenlerin kullanilmasinin uygun olacagini diisiiniiyoruz
(zayif Oneri, diistik kanit diizeyi).

6. Vazopresor gereksinimi olan septik sok hastalarinda baslangig or-
talama arteriyal basing hedefi olarak 65 mmHg degerini 6neriyoruz
(gliglli 6neri, orta derecede kanit diizeyi).

7. Doku hipoperfiizyonu belirtegi olarak artmig laktat diizeyi olan
hastalarda resiisitasyonun laktat diizeyini normale getirecek sekilde
yonlendirilmesinin uygun olacagini diisiinliyoruz (zayif 6neri, disik
kanit diizeyi).




F. SIVI TEDAVISI

1. Sivi resusitasyonu siirerken hemodinamik faktorler iyilesmeye
devam ettigi siirece sivi yliklemesi tekniklerinin uygulanmasini
Oneriyoruz (BPS).

2. Sepsis ve septik sok hastalarinda sivi resiisitasyonu baslangicinda
ve sonrasindaki intravaskiler hacim replasmaninda ilk secenek
olarak kristaloidleri dneriyoruz (gigll 6neri, orta derecede kanit
dizeyi).

3. Sepsis veya septik sok hastalarinin sivi resiisitasyonunda dengeli
kristaloidler veya salin sollisyonunun uygun oldugunu diisiiniiyoruz
(zayif 6neri, disiik kanit dizeyi).

4, Sepsis veya septik sok hastalarinda asiri miktarda kristaloid ge-
reksinimi olursa baglangig resisitasyonunda ve sonraki intravaskiiler
hacim replasmaninda kristaloidlere albiimin eklenmesinin uygun
oldugunu dislinliyoruz (zayif 6neri, disiik kanit diizeyi).

5. Sepsis veya septik sok hastalarinda intravaskiler hacim rep-
lasmani icin hidroksietil nigasta sollsyonlarinin kullaniimamasini
oneriyoruz (glicli oneri, yliksek derecede kanit diizeyi).

6. Sepsis veya septik sok hastalarinin resiisitasyonunda kristaloidle-
rin jelatinlere tercih edilmesinin uygun olacagini dislinliyoruz (zayif
oneri, dislk kanit diizeyi).
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* Kristalloid
— Izotonik
e Dengeli ?!
— Hipotonik
* Kolloid

— Sentetik
* HES
* Jel
— Dogal
* Albumin
 TDP?!

VU



Composition of selected crystalloids compared to human plasma

Table 1

Human Plasma

0.9% sodinm chloride

Compounded sodium lactate

Compounded sodium acetate

Calcium-free balanced crystalloid

Trade or common name Normal Saline Lactated Ringers | Hartmann's solution | Ringer's Sterofundin (B. Plasma-Lyte 148 (Baxter)

acetate Braun,

(Baxter, Melsungen,

Deerfield, 1L, Germany)

USA)
Osmolarity (mOsm/L) 291 308 273 m mn 309 294
Sodium (mmol/L) 140 154 130 131 130 145 140
Chloride (mmol/L) 100 154 109 111 110 127 98
Potassium (mmol/L) 4 4 5 4 4 5
Calcium (mmol/L) 14 15 2 2 25
Magnesium (mmol/L) 1 1 1 15
Lactate (mmol/L) 2 28 29
Acetate (mmol/L) 30 24 27
Gluconate (mmol1.) 23
Malate (mmaol/L) 5
Bicarbonate (mmol/L) 24




Composition of selected colloids

Human Plasma | Albumin 5% | Albumin25% | HES 6% HES 6% HES 6% HES 6% HES 10% HES 6% HES 10%

Trade or common name Hespan (B. Braun) | Hextend Voluven Hemohes (B. Braun) | Tetraspan (B. Braun)
(BioTime, (Fresenius Kabi
Berkeley, CA, Norpe AS.,
USA) Halden, Norway)

Molecular weight (kDa) 66 ] 600 670 130 200 130

Molar substitution 075 075 0.40 050 042

Osmolarity (mOsm/L) 291 309 312 309 307 308 310 297

Sodium (mmol/L) 140 130-160 130-160 154 143 154 154 140

Chloride (mmol1.) 100 130-160 130-160 154 124 154 154 118

Potassium (mmol/L) 4 3 4

Calcinm (mmol/L) 24 25 25

Magnesium {mmeol/L) 1 045 1

Lactate (mmol/L) 2 28

Acetate (mmol/L) 24

Malate (mmol/L) 5

Bicarbonate (mmol/1.) 24




Balanced crystalloids for septic shock resuscitation

Thiago Domingos Corréa, Alexandre Biasi Cavalcanti, Murillo Santucci Cesar de Assungéo

Rev Bras Ter Intensiva. 2016;28(4):463-471

Tahble 1 - Compaosition of the available unbalanced and balanced crystalloids

Solutions
Composition/properties Human plasma 0.9% saline :inn' E:: : H::I,:::::-s I:;n;::: 2:,:;:: Plasma-Lyte
pH 7.35-7.45 kil 6.0 6.5 6.5 6.7 74
Osmolality imosmii 291 308 3o 279 271 270 294
Sodium jmmel) 135-145 154 147 13 130 1 140
Potassium immali 45-55 4 5 4 4 b
Calcium yrmotL) 22-26 2.2 2z 15 2
Magnesium jmmali} 0B-1.0 1 1.5
Chloride immal1] 94-11 154 156 m 109 10 98
Bicarbonate jmmeliL] -
Lactate jmmalL} 1.0-2.0 29 28
Acetate mmolL) a0 27

Gluconate immat) 23




Balanced crystalloids for septic shock resuscitation

Thiago Domingos Corréa, Alexandre Biasi Cavalcanti, Murillo Santucci Cesar de Assungéo

Rev Bras Ter Intensiva. 2016:28(4):463-471

Table 2 - Summary of experimental studies comparing balanced with unbalanced crystalloids

Author, year Experimental model Comparisons® Main study findings
Zhau et &l Abdaminal sensis in rats 0.9% saline Higher senum chloride and lower pH with 0.9% saline than with Plasma-Lyte. Higher incidence of AKI
) P Plasma-Lyte and lower survival with 0.9% saline compared to Plasma-Lyte.
Moderate hemaorrhage
and massive . . . . . - .
s [0.9% saline Mo acid-base difference in moderate hemorrhage. In massive hemorrhage, |ess acidosis and improved
Healey et al. hemarrhage (35% and o, ) oy e N .
Ringer's lactate survival with Ringer’s lactate compared to 0.9% saline.
218% of TBV remaoved.

Watters et al'®

Todd etal™

Moritomi et al."

Rohrig e Rinn. "™

Aksu et al =

Martini et al.”™"

Rohrig et al '™

respectively) inrats

Uncentrolled
hemorrhagic shock in
pigs

Uncentrolled
hemorrhagic shock in
pigs

Hemaorrhagic shock

in pigs

[40% of TBV removed)

Severe hemorhagic
shock in rats

Hemaorrhagic shock
inrats

Severe hemorhagic
shock (60% of TBY
removed) in pigs

Severe hemorhagic
shock in rats

0.9% saline
Ringer's Lactate

0.9% =aline
Ringer's lactate

0.9% =aline
Ringer's lactate
Flasma-Lyte

Ringer's lactate
Ringer's solution

0.9% =aline
Plasma-Lyte

[0.9% saline
Ringer's lactate

[0.9% saline

Ringer's lactate
Ringer's acetate
Ringer's selution

Lung inflarmation was similar to 0.9% saline and Ainger's lactate.

Less Ringer's lactate than 0.9% saline was necessary to restore baseline MAR Higher urinary output
with 0.9% saline than Ainger’s lactate. Higher incidence of hyperchicremic acidosis and lower
finrinogen levels with 0.9% saline than with Ringer’s lactate,

Increased base excess and lower chlonde levels with Hinger's [actate and Plasma-Lyte cempared to
00.9% saline. Unmeasured anions did not differ bebween the groups.

Higher survival and lower incidence of Al with Ringer's solution than with Ringer's lactate.

Renal blood flow and kidney oxygen consumption improved with Plasma-Lyte compared to 0.9%
saline. Resuscitation with Plasma-Lyte prevented hyperchloremia, restored acid-base balance and
presenved SI0. No difference in systemic inflammation nor in oxidative stress.

Lower volume of Ringer's lactate than 0.9% saline necessary to restore baseline MAP Base excess
restored with Ringer's lactate but not with 0.9% saline. Similar effects on coagulation. Serum
potassium increased with 0.9% saline while unaffected with Ringer's Lactate.

Lower survival with Ringer’s lactate than with all other solutions. Pronounced metabolic acidosis with
0.9% zaline and Ringer's solutions than with Ringer's lactate and Ringer's acetate.

AKl - acute kidnay injury; TBV - total blood volume; MAP - mean arterial bloed pressure; 510 - strong ion difference. * comparisons other than 0.9% saline versus balanced solutions were not

considared.




Balanced crystalloids for septic shock resuscitation

Thiago Domingos Corréa, Alexandre Biasi Cavalcanti, Murillo Santucci Cesar de Assungéo

Tahle 3 - Summarny of randomized controlled trials comparning balanced with unbalancad crystalloids in clinical-surgical critically ill patiants

Author, year N Patients Comparisons® Main study findings
h_gjf_rm! £ an Eunr!a'l;!:d:mm E;E:E:::_':__EE Acidasis and hyperchlarernia with 0.9% saline.
. Aartic reconstructive 0U9% saline Acidasis, hyparchloramia and increased need of platelats and blood products
\Waters atal™ BE o P,
SUrgery Ringar's lactate transfusion with 0.5% saline.
Tl £ a5 n Spinal surgary [019% saling Acidasis and hyperchloreria wath (9% saline. Respiratary acidosis and mild
- PN Surgary Ringar's lactate hyponatremia with Ringer's lactate.
‘Young et al. ™ 4B Trauma 0% s_aln_! Acidasis and hyperchlorernia with 0.9% saline.
Flasma-Lyiz
. . - [9% saling T _— N
Smith at al.? 18 Traurma Plasma-Lyss Acidasis with 0.5% salina. Faster clot formation with Aasma-Lyte.
OMallzy st al™ &1 Kk bmglatalion. o A Acidasis ard hyperkalzmia with 1.9% saling
T : ’ Ringar's lactate - ’ h
Ehagayi g1al. ™ hi Kidney transplartation (L.5% suing Mare acidosis and hyperislemia with 0:9% saling than with Aingar’s laciata
o i ’ Ringar's lactate - ' o ) ’
Hadimicgl (L9% salg Hyperchioramic acidasis with 0.9% ssine. oreased lactete levels with Ainger's
. il Kidney transplamtation  Aingar's lactate "'EE o ) _'! P ’ g
atal L lactata. Potassium levals unchangad in all groups.
Flasma-Lyie
Madi et 2l il Kidney transplantation Lo ¥ e Acidasis, hyparcHoramia and byperkalernia with 0.0% saline
odi et al. .  transplamatio Ringar's lactate , hyparchicramia P th0.3 .
- . ; . [L9% salina _ e
¥im at al.” il Kidney transplartation Plasma-Lyte Acidosis and hyperchloreria wath 0.9% saline.
. o . 09% saling § A .
Bahlar at al. 45 Diabetic katoacidoss Flasma-Lye Hyparchlcramic metabolic acidosis with 0.9% salina.
. . N - [019% saling . . I
‘an Zyl et al.™ it Ciabetic katoacidoss Finger's bactale Longar tima ta reach a blood ghucose level of 14 mmolfL with Ringar's lactate.
[3% saling
Hasman at al.” il Moot or . Ringar's lactate Prenounced acidosis with 0.9% saline.
sevEera defydration L
Flasma-Lyiz
: ; [3% saling se s i e ol
Cieza at al.™ 40 Severa defydration S Acidasis and hyperchloreria with 0.9% saline.
! Ringar's lactate
0% saling Acidasis and hyperchlorernia wath (9% saline. Lower incidence of SIRS and lowar
Wit al™" 40 Acute pancreatitis H.hgnr's la;1-'E CAF levels 24 hours after endomizaticn in Aingar™s lactata comparad 1o 0.9%

saling.

SIRS - systimis infammatany msaonss sy g CAP - Cops

vl prpbiin, * conpaniscoe ol than (8% salns varsus Balinced solutions wens nod Sordidansd




Homeostasis

Interstitial space

Severe sepsis/Septic shock —LPS, ey,
4 TNFu, ROS i

Immune response » Glycocalyx denudation

Endotelial Permeability

protein

Currently used resuscitation fluids

)
Tinflammation (NS) — Persistent  — TEdema
endothelial injury

! ,’ water ’
protein & ¥
Edema v

Edema

INFLAMMATION

Interstitial space

Ideal resuscitation fluid —> ?Antimicrobial activity

!

dinflammation Glycocalyx reconstitution Endothelial repair

JEndothelial Permeability

Capillary /

== Glycocalyx

Interstitial space

Less edema
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Severe sepsis/Septic shock —LPS, ey,
ns

Homeostasis i
Immune response NP, ROS » Glycocalyx denudation

Endotelial Permeability

Intersfitial space | ‘u{‘waler

Interstitial space
protein

Currently used resuscitation fluids Il 1deal resuscitation fluid —> ?Antimicrobial activity

’ . : .
tmiammat— Pane| A. Homeostasis prior to infection. ot repair

JEndothelial Permeability

Capillary /
== Glycocalyx

Interstitial space

Interstitial space ! ,’ water ¢ Less edema h
protein & 7 LN
Edema v

Edema

e INFLAMMATION




Homeostasis

i i [
Sevcire sepsis/Septic shock S, &X0toyin.

TNFz, ROS
Immune response

» Glycocalyx denudation

Endothelial Permeability

Intersfitial space ‘ ‘,'I“"wa[er \
protein

Currently used resuscitation fluids

Interstitial space

T'“'L"'"‘a““"fs" Panel B. Infection products (LPS) and
the immune response (TNF-aa and g

reactive oxygen species) cause
shedding of the EGL and vascular

Il 1deal resuscitation fluid —> ?Antimicrobial activity

permeability.




Homeostasis

endothelial injury, gener

Panel C. Normal saline, a commonly
used fluid, increases inflammation.
Other fluids increase hydrostatic
pressure without mitigating

ating edema. -
L OE— ] L

Sevcire sepsis/Septic shock

Lpg
: #X0toxing
TNFuz. ROS

- Glycocalyx denudation

Currently used resuscitation fluids

)
Tinflammation (NS) — Persistent  — TEdema
endothelial injury

5

y
water

protein

Interstitial space

Edema

Edema

INFLAMMATION

Ideal resuscitation fluid —— ?Antimicrobial activity

|

dinflammation Glycocalyx reconstitution Endothelial repair

JEndothelial Permeability

Interstitial space

Less edema




Homeostasis

which repairs the

Interstitial space

Panel D. An ideal resuscitative fluid

the endothelium would mitigate
sl endothelial permeability and edema.

- : Lp,
Sevcire sepsis/Septic shock S, EXOtox

TNFz, ROS
Immune response

» Glycocalyx denudation

EGL and normalizes

Currently used resuscitation fluids

¥
Tinflammation (NS) — Persistent  — TEdema
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Sepsiste sivi dinamiklerini belirleyen fizyolojik temel

* Revize Starling yasasi

— IV ve interstisyel sivi alanlari arasinda yari-gecirgen membran var;
kompartmanlar arasi sivinin gecisini belirleyen hidrostatik ve
onkotik basinclar arasi farktir

— 3 bosluk teorisi
* 1.Bosluk: intraselliiler + ekstraselliile| *=%uc([Pe =Pl = aalm =)

» 2.Bosluk: interstisyel kompartman (6dem)

* 3.Bosluk: normalde sivi bulunmayan ya da ¢cok az bulunan alanda sivi birikimi
(asid)




Sepsiste sivi dinamiklerini belirleyen fizyolojik temel

* Endotelyal glikokaliks yaklasimi

 EGL - Endotel hiicrelerin luminal ylizeyinden projekte olan membrana bagli
glikoprotein ve proteoglikan bir matrix

 Kan ve kan damari arasinda dogrudan temas yiizi
e Mikrodamar yataginda; 0.2 um kadar ince

e Genis arterlerde 8 um kadar kalin

e  Yaklastk 700mL damar ici hacmini tutar (SUNGER)

* sub-glycocalyx alan; normal olarak plasmadan ayirir ve neredeyse protein-
free;

Onkotik basinci; transkapiller sivi akimini birincil belirleyen olarak
interstisyumun yerini alir

Sivi: IV =» interstisyel alan
—  Onkotik basing karsi gelir
—  Ters yonde degil

VU
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Olgu $8

BE,,, = BEg, + BE + BE,, + BEx,

1.BE;,(mEqg/l) = 0.3 ([Na*] — 140)

2.BE, (mEqg/l) = 102 — ([140 / [Na*]) x [CI]
3.BE,,(MEQ/l) = 0.34 ([Alb (/)] ge - [Alb (/)] vea
4 BE,,=BE, - BE;, - BE; - BE,;




Olgu §88

BE,, = BE,, + BE + BE,;, + BEy.,

1.BE;,(mEq/l) = 0.3 (160- 140) = 6
2.BE (MEg/l) = 102 - ([140/ 160) x 141 = -21.37
3.BE,,(mEqg/l) =0.34 (4.2-15=0.91

4.BE,, = BE,,, - BE;, - BE¢, — Be,, =-29.5 -6 + 21.37 — 0.91= =

14.12
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Sivi Gereksiniminin Degerlendirilmesi

 Statik Degerlendirme
— MAP: 2 65 mmHg
— CVP: 8-12 mmHg
—Scv02: 270 %




* Dinamik Degerlendirme
— Solunumsal degisikliklerde Vena Kava capi
— Radyal arter nabiz basinci
— Aort kan akimi peak hizi
— Sol ventrikul ¢ikis hatti hiz-zaman integral
— Brakial arter kan akim hizi
- PLR




Volum durumu & Sivi Yanitlihgi

* Pulse counter analysis
— PPV (pulse pressure variation)
— SVV (stroke volume variation)

* PLR (* fluid challenge)
 POC USG

— Vena cava degerlendirmesi
— AC USG
— Femoral ven capi




Table 1. Static and dynamic hemodynamic parameters

Static parameters

Dynamic parameters

Modified fluid challenge

Central venous pressure
Pulmonary artery occlusion pressure
Inferior vena cava (VC) diameter
IVC collapsibility/distensibility
End-diastolic volume

Corrected flow time

Pulse pressure variation

Stroke volume variation
Plethysmographic variability index
Passive leg raise

Mini fluid bolus (100-200 mL)




N & o

Fig. 2. Passive leg raise. To perform a passive leg raise, a patient is
placed in a semi-recumbent position at 45°. The patient's legs are then
elevated to 45° and the hemodynamic variable of interest evaluated af-
ter 30-60 seconds.




Fig. 3. Measurement of the inferior vena cava (IVC) caval index. (A) Long axis view of the IVC. The diameter is measured with M-mode 2-3 cm distal to
the confluence of the hepatic vein and IVC. (B) M-mode tracing of the IVC demonstrating respirophasic changes in diameter.




Table 2 | Summary of volume assessment tools

Static or  Assess fluid

Method Invasive or noninvasive dynamic  responsiveness Comments
Historical findings Noninvasive Static No Of limited value with poor correlation with invasive pressure
measurements
Physical exam Noninvasive Static and Yes Of limited value but serial examinations may detect changes
dynamic in organ perfusion
Chest radiograph Noninvasive Static No Requires use of standardized measures of vascular pedicle

width and cardiothoracic ratio. Serial chest X-ray may be
helpful in determining effects of fluid therapy

Central venous pressure Invasive Static No Poor correlation with fluid responsiveness

Pulmonary capillary wedge  Invasive Static No Poor correlation with fluid responsiveness

pressure

Echocardiogram Noninvasive Static No Single measures of cardiac chamber volume hard to assess.
Serial measures may be helpful

Stroke volume or pulse Invasive (pulse oximeter Dynamic  Yes Requires sedated, mechanically ventilated patient

pressure variation method in noninvasive)

Esophageal doppler Invasive Dynamic  Yes Not useful for continuous measurements

Vena cava diameter Noninvasive Dynamic  Yes Body habitus dependent

Passive leg raising Noninvasive (bioreactance, = Dynamic  Yes Unreliable with intra-abdominal hypertension

end-tidal CO;)

Invasive (FloTrac or PiCCO or

LiDOQ)
End-expiratory occlusion Passive leg raising Dynamic  Yes Requires 15-s end-expiratory occlusion
Bioimpedance Noninvasive Static No Not able to assess intravascular volume
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G. VAZOAKTIF MEDIKASYONLAR

1. ilk secenek vazopresor olarak noradrenalin’i éneriyoruz (giiclii
oneri, orta derecede kanit diizeyi).

2. Ortalama arteriyal kan basincini hedefe yiikseltebilmek igin
noradrenalin’e vazopresin (0.03 U/dk’ya kadar) (zayif dneri, orta
derecede kanit diizeyi) veya adrenalin (zayif oneri, diistik kanit
diizeyi) eklenmesinin veya noradrenalin dozunu azaltmak amaciyla
vazopresin (0.03 U/dk’ya kadar) eklenmesinin uygun olacagini
distinlyoruz.

3. Noradrenalin’e alternatif vazopresor ajan olarak dopamin’in
sadece segilmis vaka grubunda (6rn. disiik tasiaritmi riski olan
hastalar ve kesin/rolatif bradikardi durumlarinda) kullanilmasinin
uygun olacagini diiglinliyoruz (zayif 6neri, distk kanit diizeyi).

4. Renal koruma igin diigiik doz dopamin kullaniimasini 6nermiyo-
ruz (glgll oneri, yiiksek kanit diizeyi).

5. Yeterli sivi yiiklemesine ve vazopresor ajan kullanimina ragmen
israrli hipoperfiizyon bulgulari gésteren hastalarda dobutamin
kullaniminin uygun olacagini disiindyoruz (zayif 6neri, diisik kanit
diizeyi).

Ac¢iklamalar: Eger uygulanmaya baslanirsa doz perfiizyon hedefle-
nerek ayarlanmali ve hipotansiyon artarsa veya aritmi gelisirse doz
azaltilmali veya ajan kesilmelidir.

6. Vazopresor gereksinimi olan tiim hastalara kosullar uygun olur
olmaz arter kanili yerlestirilmesi gerektigini disiiniiyoruz (zayif
oneri, gok disiik kanit dizeyi).




H. KORTIKOSTEROIDLER

1. Eger yeterli sivi resisitasyonu ve vazopresor tedavisi hemodina-
mik stabiliteyi saglarsa septik sok tedavisinde iV hidrokortizon’un
uygun olmadigini diistinlyoruz. Eger hemodinamik stabilite
saglanamazsa giinde 200 mg dozunda iV hidrokortizon’un uygun
olacagini diisiinliyoruz (zayif 6neri, diisiik kanit diizeyi).




Kalp Debisi

Arterial pulse waveform analysis
— Li dilution based devices

— Thermodilution based devices

— Arterial waveform based devices

Thoracic electircal bioimpedance/ bioreactance
e Aortic doppler
POCECO
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Vasopressors During Sepsis: Selection and Targets
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Table 2
Goal-directed therapy in randomized controlled trials
Trial and Therapeutic
Study Characteristics Hypothesis Tested Intervention Pressure Target(s) Hb/Hct Target (s) Trial Results
Supernormal oxygen 2 center RCT Supernormal DO, Volume MAP =80 Hb 10 Increased mortality
delivery [D_Oz) n = 109 critically ill Dobutamine in intervention
Hayes et al,”* 1994 patients Dopamine group
Goal-oriented Multicentre Supernormal DO Volume MAP >60 Hct 30 No difference in
hemodynamic n = 762 critically ill (PAC CO) vs Dobutamine Wedge <18 mortality
therapy patients Sv0; =70 vs normal Dopamine) CVP 8-12
Gattinoni et al,*® cardiac index Nitroprusside
1995 Nitrates)
Epinephrine
MNorepinephrine
EGDT Single center 6-h ER EGDT Sv0, =70% MAP =65 If SvO, <70% Mortality lower in
Rivers et al,®® 2001 n = 263 severe sepsis  (continuous Sv0s3) dobutamine CVP 8-12 1. REC to Htc =30 EGDT group
vs usual care CVP 8-12 MAP =65 2. Dobutamine

norepinephrine
Epinephrine,

dopamine, or

phenylephrine

Lactate clearance vs  3-center RCT Scv0; goals ws Serial  Crystalleoids, MAP =65 If w0, <70% No difference in
Sv0, in early sepsis n = 300 septic lactate clearance dopamine, or CVP =8 RBC if Hct <30 mortality
Jones et al,®* 2010 norepinephrine Lactate clearance
Dobutamine group: if lactate
depending on not decreasing RBC
SvD; vs lactate if Hct <30
clearance
Protocol-Based Care 31 centers EGTD SvO; vs clinical SvO; threshold 70% EGDT EGDT No difference in
for Early Septic n = 1351 severe protocol vs usual dobutamine vs MAP =65 Het =30 mortality
Shock septic patients care (no protocol) ProCESS protocol: CWP 8-12 ProCESS protocol:
The ProCESS clinical protocol vs ProCESS protocol: Hb =7.5
Investigators, usual care SAP =100 Usual care
2014 Shock index =0.8
Usual care

(continued on next page)




Vasopressors During Sepsis: Selection and Targets
Jean P. Gelinas, James A. Russell
Clin Chest Med 37 (2016) 251262

Table 2
(continued)

Study

Trial and
Characteristics

Hypothesis Tested

Therapeutic
Intervention

Pressure Target(s) Hb/Hct Target (s)

Trial Results

Goal-Directed
Resuscitation in

51 centers
n = 1600 severe

EGDT SvO3zguided
protocol vs usual

EGDT: SvO; »70%
dobutamine vs

EGDT. MAP >65 EGDT: SvO; <70%
CVP =8 (spontaneous RBC if: Hb <100 or

No difference in
mortality

Early Septic Shock sepsis patients care usual care ventilation) Htc <30
Mouncey™, 2015 CVP =12 (mechanical Usual care
ventilation)
Usual care
Early, Goal-Directed 56 centers EGDT SvO, vs usual EGDT EGDT EGDT. SvO,<70% No difference in
Resuscitation for n = 1243 severe care SvO; >70% MAP >65 RBC if Hb <100 or mortality
Septic Shock sepsis patients dobutamine vs SBP =90 dobutamine if
ProMISe Trial usual care C\VP =8 Hb >100
Investigators,'* Usual care Usual care
2015
Levosimendan 1 center Levisimendan Levisimendan NA NA Microcirculatory
Morellia et al,®° 2010 50 septic shack (n = 20) vs (n = 20) vs flow higher in
patients comparator comparator levosimendan
(dobutamine (dobutamine
5 pug-kg=! min—'; 5 pg-kg~' min~7;
control (n = 20) control (n = 20)
Milrinone 1 center control (n = 30) vs control (n =30) vs  NA NA ME lower 28-day
Wang et al,*" 2015 90 severe sepsis milrinone (n = 30) milrinone (n = 30) mortality
patients vs milrinone- vs milrinone-

control (n = 30),

milrinone (n = 30),

and milrinone-
esmolol (n = 30)

esmolol (n = 30)

esmolol (N = 30)

Abbreviations: CO, cardiac output; CVF, central venous pressure; EGDT, early goal-directed therapy; ER, emergency room; Hb, hemoglobin; Het, hematocrit; MAP, mean arterial pres-
sure; NA, not applicable; PAC, pulmonary artery catheter; RBC, red blood cells; RCT, randomized controlled trial; SAP, systolic arterial pressure; ScvQ,, central venous oxygen satu-
ration; S5v0;, mixed venous oxygen saturation; Wedge, pulmonary capillary wedge pressure.




A studies.

Fig. 1. Comparison of vasopressor identified from the systematic review. The 26 comparisons come from 23
studies. Line thickness is proportional to the number of included patients. (From Havel C, Arrich J, Losert H,
et al. Vasopressors for hypotensive shock. Cochrane Database Syst Rev 2011,(5):CD003709; with permission.)




Table 1

Pivotal RCTs of vasopressors in septic shock

Treatment Control
Control Mortality Mortality
Author, Year Treatment (n) Intervention (n) Rate (%) Rate (%) P
De Backer Dopamine Morepinephrine 52.5 48.5 A0
et al,** 2010
Russell Vasopressin + MNorepinephrine 354 39.3 26
et al,”* 2008 norepinephrine
Annane Morepinephrine + Epinephrine 34 40 -31
et al,”' 2007 dobutamine
Myburgh et al,*’ Epinephrine MNorepinephrine 30.4 34.3 A9

2008




TaBLE 1. RELATIVE AGONIST ACTION OF EACH VASOPRESSOR ON SELECTED RECEPTORS

Alpha-1 Beta-1 Beta-2 Dopamine Vasopressin
Norepinephrine t1111 111 11 0 0
Dopamine 111 1111 11 Tt 0
Epinephrine 111 Tttt Tt 0 0
Phenylephrine T 0 0 0 0
WVasopressin 0 0 0 0 71111
Dobutamine T T T 0 0




EVLW
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Large increase in EVLW

Large increase in filling pressures

Small increase in CO

Large increase in CO

Small increase in EVLW

Small increase in filing pressures
Inc.gradient between MCFP and CVP

Preload

Fig 1 Superimposition of the Frank-Starling and Marik-Phillips curves demonstrating the effects of increasing preload on stroke volume and lung water in a patient
who is pre-load responsive {a) and non-responsive (8). With sepsis the EVLW curve is shifted to the left 5! EVIW=extra-vascular lung water; CO=cardiac output;
SV=stroke volume. MCFP=mean circulating filling pressure. Reproduced with permission from the British Journal Anaesthesia; 2014;12:620-622,










