Hemodynamic Monitoring

































rerfusion

monitoring ‘and hemodynemic ~ interventions at five
represenative levels — /sToRY '

Year

rerfusion Honiter

Eenodynamic Intervention

1950

1865

1870

187%

1380

1980

huscultatory BF

Direct arteriazl BP.

Indocyanine green dye
cardiac output

Thermodilution
cardiac output plus
PLWP

Svas

Continuous CO
monitoring

Fluid. adnministration,

pressors:
Norepinephrine
Phenylephrine
Epinephrine

_-Fluid adminstration, pressors:

Norepinephrine
Fhenylephrine
Epinephrine

Fluid administration,

pressors:
Nerepinephrine
Phenylephrine
Epinephrine

Fluid administration,
pressors, intra-aortic balloon
pump, inotropic agents,
vasodilators:

Horepinephrine

Phenylephrine

Epinephrine

Dopamine

Sodium nitroprusside
Fluid administration,
pressors, intra-acortic balloon
punp, inotropic agents,
vasodilators

Monitor characteristics

Accuracy ©f Heasurement

Bias
Precision _
Incorperation inte Clinical Reasoning
: Sensitivity .
Positive predictive value
Specificity

" Wegative praedicitive value
Cutoff point definition

Speed

Ttility in elinical reasoning process
piagnosisg
Survelllance
Patient management




ASSESSMENT OF VITAL CRGAN PERFUSIOHN 3

Systemic Systemic Cerebral

Perfusion Cxygenatien Cxygenation - s
Auscultatory Cyanosis " Neurologic

BP examination

Direct arteral Arterial blood systemic B8P

BP gases T

Indocyanine Ear oximetry Ice )
green dye Pulse oximetry

cardiac output '

Thernodilution Pteo, CBF

cardiac output .

Svo, Pulse oximetry Niroscopy

Lactic Oxygen

acidosis delivery

& consumption
Modified from D. Prough, Critical Care Vol 11, 1990

Honitoring cardiac output

Otility
Method Sensitivity Specificity Speed  sSurveillances Fatient
Hanagement
BP 1+ 2+ 4+ 3+ 34+
TEB 2+ 2+ 44 2+ ' 2+
Esophageal 3+ 3+ 4+ 2+ 2+
Doppler _ .
Thermedilution 3+ 3+ 3+ 2+
PA catheter 4
Continuous Sve, 3+ 3+ 4+ I+ i+

fodifled from D. Prough, Critical Care vel 11, 1990



Oxygenation monitoring in ICU 'T

Utility
Kethed Sensitivity Specificity Speed  Surveillance Patient
- ) - Yanagemezt

Pulse oximetry 3+ . L T
Ftce, 2+ 2+ 3+ 2+ .2+
In-line oxygen 2+ L S TR PO TS
analyzer - R -
Capnography 1+ i+ 3+ I+ . 1+
Qsp/Qt 4+ 4+ 2+ 3= 24
calculation

Continuous Svo, i+ 3+ 4+ 3+ 1+
Dual oximetry I+ 2+ i+ 44 4+
Modified from D. Prough, Critical Care Vol 11, 1890

Regional Ve, and distribution of oxygen trénsport

A . Oxygen Transpert  Fractional Oxygen
Tissue (% of total) (% of total)’ Extraction
Heart 11 ' 4 .60
Skeletal 30 21 .44
nuscle
Brain . 20 13 L33
Splanchnic 28 24 .22
circulation :

Kedney 7 13 -+ .07
Skin 2. £l .05

‘Note that column does not toal 100% because all organs are not included

G. Lister, Vol. 12, Critical Care, 1991



Pulse Oximetry

Conditions Adversely affecting Accuracy of oximetry

L Conditions resulting in poor signal:
* probe malposition, * motion, * hypothermia
* no pulse, * vasoconstriction,  * hypotension

IL Falsely lowers Sp@,
Nail polish,  Dark skin, infrared heating lamp

Elevated serum lipid, Methylene blue, Indocyanine dye
Indigo carmine, Presence of significant venous pulsation,
Severe Rt. Heart failurs, Obsruction to venous return,

Hi.  Falsely raises 8p(,

Elevated carboxyhemoglobin, Elevated methehemogiobin
Armnbient light, hypothermia



HEMODYNAMIC MONITORING
TABLE 1. INDICATIONS FOR PULMONARY ARTERY CATHETERIZATION

Assessment and Management of shock

* Differentiation of shock (preload, output, afterload failure)
* Cardiogenic,

* Septic,

* Hypovolemic

Monitoring : Hemodynamic instability due to any cause

Management of complicated myocardial infarction;
* Severe LV failure

* Low cardiac output syndrome

* Evaluation of ventricular function

* Rt Ventricular infarction

* Ventricular septal defect

Diagnostic Indications (along with monitoring)

* Valvular lesions such as acute mitral regulation

* Right ventricular dysfunction

* Chronic congestive heart failure (constrictive pericarditis, cardiomyopathy, etc.)
* Pericardial tamponade

Differentiation of pulmonary edema (cardiogenic versus permeability)
Pulmonary hypertension
Pulmonary embolism

Assessment of oxygen transport:
Optimizing oxygen transport and consuption

Monitoring Indications

* Shock or hemodynamic instability

* Trending response to titrated hemodynamic therapy:

* Intravascular volume and LVED Vassessment and manipulations.
* Inotropic therapy

Peri-operative monitoring

* Cardiothoracic, Vascular or major abdominal procedures

* Patient with significant cardio-pulmonary disease undergoing major surgery

* Aspiration of air emboli in neurosurgical patients during operation in sitting position
* Severe trauma

* Ventricular pacing via paceport PA catheter
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. Fig. / . . Center, Waveform tracirigs generated as the balléon-
“tipped catheter is acdvanced through the right heart-chambers into the
puimonary anery. RA = right amium; RV ="right venrricle; P4 =
pulmonary zrery; PAWP = pulmonary ariery wedge pressure, A
With the catheter tip in: tha RA, the balioor i infiated, B, The catheter
Is advanced into the RV with the baloon inflated dnd RV pressure
wacings are obtalned, C. The catheter is advanced through the pulme-
mwwm&wmma&&y.&rﬁeﬁidim@cmumwﬂi
be nowed. D, The cathéter i advanced io the PAWE Sasition. 4 typl-
cal PAWP tracing will be notad with A and V waves, £, The balioon js
deflated. Phasic PA pressiire should reappesr on the midnitor, (See
text for detiis,) (Center fgure adapted from Wiedinann HF: Cardio-
vascular-pulmonary moniroring in the iarensive &irs unit, I Chag
85:540, 1984, Witk permission.) WLy




_ HEMODYNAMIC MONITORING g
Table 2. RELATIVE CONTRAINDICATIONS FOR PULMONARY ARTERY CATHETER

Severe coagulpathy

Significant thrombocytopenia

Prosthetic right heart valve

Endocardial pacemaker .

Infection or tissue problem at proposed site
Severe vascular disease at proposed ‘site
Serious ventricular arthythmias

Pulmonary hypertension - moderate to severe

Tuble 3, COMPLICATIONS ASSOCIATED WITH PULMONARY ARTERY
CATHETERIZATION

Reporied
incldence (%}

L Associaled with cenlial venous cennwlalion

Arterial puncture 2-16
; Local thrombosis 56
: Prneumothorax . -
| Hydrothorax 2
] Hemothorax <t
Brachial plexus damage <
i Alr embofism 3
Phrenle and recurrent laryngeal nerve damage <}
‘Hemnorhage al punciure sfig . ... 2
I .&sseclafsd wilh advancement of PA calheler
_«-'Afrlaf and veniricuiar prematire beals 13-87
| Venlncular iachycazdla . ' 11-63
Yenlricular fiblation © 15-25
Yenlricular fibfalion, requiﬁng coun!arshock 0.4-0.88
Right bundie branch bbck _ | 2.8-58
“Lomplete heart block - SN <f
Cardiac paroration and 1amponada <4
‘Catheter knofling: = 1 <{
1 . Assoclated with mafnienanca of catheler _
Mural thrombus . 1401
"ln!ec! on (pcsxlzve ca’lheler fip ey tuw) 4,545 .
Infectlon (risk ol sepsisi - - : 0.3-0.5
Catheler-reialed-endocardlal lesions 33-81
Pulmonary inlarction ' §-7
Pulmonary arsry ruptureshemorrhags 0.08-2.0

Balloon ruplure




HEMODYNAMIC MONITORING

TABLEY RECOMMENDATIONS TOMINIMIZE CDMPLJC«T]OP\S OFHEMODYNAMIC \lO"{iTORj‘au

Formal outline of procedures, methods of dat coi.iccncn., significance and interprewasion-
Supervision of pbysician - operator by expen (one who knows)

Ip-service supervised programs for nursing and lechnical personnel,

Independent quality contorl of data collection and interpretation

Anlicipate polential complications
Read listing of potantial complications
Identify high-risk patient

Age

Short neck

Cervical Kyphoscoliosis

Obesity

Acuity of iliness -

Preexisting arrhythmizs

Cosduction abnormalities

Pulmonary bypertension

% & @ € & o & 0o

Insertion - never force catbeter through introducer

Full inflation of balloon in the right atdum, firm advancement approximately 2 cm/sae
Use fluorcscopy if available; if not, obtain chest film afier procedure

Daily z-ray examination for position and redundant loops

Withdmw catheters il ventricular ectopy or beant block ocoum

Avoid distal positioning of catheter tip; slow inflation if pesition of u;\ is unknown
Care in interpremation of damped records

Account for respimlory variation in pressure and fow

Remove catheter 25 soon as clinical situation warmants

Table HEMODYNAMIC-CLINICAL CORRELATIONS IN ACUTELY ILL PATIENTS

Hemodynamic Variables Clinical Correlates

Cardiac index

2.2-2.5 Lfm;'n/’m2 Subclinical or mild hypoperfusion
1.5-2.2 L/min/m? Organ hypoperfusion, moderate
<1.5 L/min/m® Shock

Pulmonary Capillary Wedge pressure

5-15mmHG Normal range

18-25 mm HG Pulmonary congestion, mnderata
>25 mm HG Pulmonary edema

Discrepancies may oceur in 20 to 30 percent of acutely ill patients and more frequently in the presence of longstanding cardiac
dysfunction.

R



DERIVED PARAMETERS. Useful hemodynamic parameter
that can be derived using dam with PA catheters inchide:

cardiac'ouzput (COD in L/min

L ¢ inciex = ‘body surface area (BSA) in o

cardize curput (/min)
heart rate (beats/min)
CO (L/min)
hear: rate (bears/min) X BSA (m®
{2 X diastolic) + systolic
2

3. Systemic vascular resistance (dyne/sec/om™5) =

2. Suoke Volume = -

3. Swoke index =

4. Mean areedal pressure (mm Hg) =

mean arterial pressure — mean right atrial pressure (mm I-ig)
cardiac curput (L/Min)

X 80

6. Pulmonary artedolar resistance (dyne/sec/em™%) =

mean PA pressure — mesn PCW pressure (mm I-ig)
CO (L/min)

7. Total pulmonary resistance (dyne/secfcm"’) =

mezn PA pressure (mm’ He
CO (Wmin)
€. Left ventricular siroke worlk index =
- 1.36 (MAP — PAWP) X I
00

5. Oygen delivery (DO (ml/mis/® = C L x Cally.

Cardiac index X arterial G, content

X E)

X 80

Norma! velues are listed in Table 4-5,



Table - i‘:’ , Selected Hemodynamic

Variabies Dertved from Rlght Heart Catheterizadon

Hemodynamic variabie Nomuel range
Agtecial venous content diference 2.5-5.5 ml/100 mi
Cardiac ndex 2.5-4.5 L/'min/m?
Cardiac cutpat - 3.0~7.0 Limin
Left ventricular stoke work index 4560 gm/beat/m?
Mixed venous oxygen content 18.0 ml/100 mil
Mixed venous saturation 75% (a;:pmm;.)
en consumpdon 200-250 mi/min
g:l};fomw vascular resistance 120-250 dyne/sec/cm™*
Stroke volume 70-130 ml/conmaction
Suoke volume index 40-50 ml/contraction/m?

Systemic vasculas resisiance

11001500 dyne/sec/and®

Adapred from Gore JM, Alpex: J5: Handbook of Hemodynamiz Monttaring. Bos- o
wn, Lime, Brows, 1984, wih permission.

oxygen mmration of 95 percent, and 2 mixed venous oxgyen
saruration of 70 percent, follows:

) 250 ml/min
Cardiac QUL = o S 3900 ~ 07DGAINA0
250 ml/min
=18 - 136 miL

= 5,55 L/min

Ca0,=0, content
= (HbX1.34") x % saturation + (Pa0,X0.0031) x 10,

=(19.5+0.5) x 10 }
=200 ml

1qbte '/ .. Nermal Resting Prassures
Obtained During Right Heart Cathetacization

Cardisc chamber Pressure (mm He) |
Right auiom
Rampe ) =5
Mean . 3,
Right ventricle
Systolic 17-30
Diastolic 0-6
Pulmenary arery .
Syswilic . 15230
Diagtolic A 5-13
Mean 10-18
Pulmoenary artery wedge . _
(mean) =12 '

Aaapmd&umeMAlper]S Handbook of Hemadymamic Momitoring. Bos-
ton, Ligle, Brown, 1984, with permission.

-

Table § . approximate Nommal
Oxygen Saturation and Content Values
Oxygen
Oxygen content  Safuration
- Chamber sampled {voltd) (o)

Superior vena cava 14 70

. Inferior vena cava . 16 &

Right atrium 15 75

Right ventricie 15 T
Pulmonary artery 15 75
Pulmonary vein 20 o8
Femoral artary 19 . =13
A=V oxygen coptent diffarance 3.5-5.5
Adapted from Cors M, Alpert 15: Handbook of Hemod) ing. Bas-
ton, Linle, Brown, 1984, with pemmission, e

The latter problem is more frequently encounterad in shorter
patents [43], .

Table ? ;Hmmmkpmmmcmynmmmqmmamw

. - RA RV .- PA PAWP AQ a SVR FVR
Notmal -6 2508 25/6-12 2
1 . -1 130/80 22
Thowr P EEer Eme x ae WO, =
Qudogeni 35 =50/60 <20 >1500, =250
Eary : ) 20-25/0-2 20-25/0-5 0§ =90/60 ;
= o4 25/4-10 25/4-10 10 sk <y S 00 o
massive pulmonasy embolism 8-12 50/12 50/12=15 =12 =%0/80 <20 >1500 3:50
M{;,,dgu wmz.ww 913515 25/12~18 25/12-18 12-18 =50/60 <20 >1500 32?3
s w“,._,ﬂ,?w.: . > 25/0~5 25/12-18 =18 140/90 =25 1500 =250
Bivenricular fafture 2° 1o LVF =6 M.{g%ﬁ $0-£0/25 “ ?8155 ;m >0 i 25
RVE 2° to RVI 12-20 30/12~20 30/12 <12 = i 2
=90/60 <20
gj&pulmoume o > 80/>6 B0/35 <12 120/80 -20 ifsﬁ :ﬁgg
iopim.lm: quhypem n g-ﬁ 80~100/0~6 80-100/40 <12 100/60 <20 >1500 >500
Acute 60/6-8 60/35 - 30 =50/80 <20 . >1500. 240

R4 = fghtgoium: RV w righe vestricle; PA, = PAWE = -
puimonary artery; pultonary arery wadge pressurs; AO Ro7tis; SVR = gymemic sesisance: FVE =

sulmonary vasculer resistanes; AMl = acute myceardtsl
tmmmmq—mm
Cenfitmed by sppropriate BA-PA cxygen
aprad from Gore M, Alpest J5; Henaboak of He

; LVF = Jeft venmiuler fullurs;

4y b 1g. Boswm, Lirdle, Srown, 1984, with permiasion,

vascular
RV = sght venmicuar iaredon; RVE = ight ventricular falure; VSR




HEMODYNAMIC MONITORING

-

TABLE 4 HEMODYNAMIC PROFILE OF SELECTED CLINICAL DISORDERS

il Syndmmc Salient bemodynzmic Altestions Additional Cb-:nmen!s
Cardicgenic (veatrievlopenic) shock ipcws.is’\f, %co,f SVR:EAP Reflex sipus wehycardia
: may be preseat
Hypovelemic shock i?C“r‘«’P.lSVrBCQvRSVR‘jAP Orthestatic tachycordia
Ischemic RYP dysfunctice [w 2PCWP, ;SV, ;-S\’R, f AP Steep"Y" descanton RAP

tracing, early diastolic dip and
plateau in RV? ricing may be

A present
Acute mitral regurgiaiion [PCWP, prominent =™ Transminied ~ V" waves may be
waves in POWP aiso be sean in PAP tracing
Acute ventricular septal ruprure O, saturation in PAP
and R VP exceeds Early recirculation o,
that in RAF (Q, step up) thermodiution curve,
forward cutpus RVP forward output exceeds LVP
Acute cardiae tamponade f RAF t PAP.; SVR, ; CO,{ AP Sysiemicanerial pulsus pardaxas;
’ blumted *Y*° 2nd prominens *3T
descent, Kussmaul sign rare
Systemic sepsis (early phase) iPV’R. ’PAP, ;SVR. fSV, ’ <o
Noncardiae i:u!msnary edems al POW Pulmonary edemy with 2
norrnal heas size
Acute massive pulmonary !PV’R, !PAP, of POWP, ; SV,! CO,iAP
embalism :
Constrictive pericarditis iRAP ] fPCWP, dip and plateau’in  Positive Kussimaul sign, pulsus
RVP pressure, steep “ Y~ desceatin peradexus is rave, may simulate
Y ‘ RAP pressurs  infarerion o2
resrictive cardiomyopathy
Restrictive cardiomyopathy Asabave | but offen PCWP>RAP Distincton from consirictive
pericarditis can be difficult and

additional studies are ofien peeded



Table §j. Does management with pulmonary artery catheters improve patient autcomes?

Randomized,
Controlled
Disease/Disorder and R Trial
Question Number Answer Grade Recornmended
Myoccardial Infarciion With
Hypotension or cardiogenic shock (T 4} Yes® E Yes
Mechanieal complication (7 B} Yes B Yeas
Right ventricular infarction (1 &) Yes ¥ Yes
Congestive heart faiture (7 1) Uncertain &) Ves
Pulmonary hypertensicn (I E) Uncertain® - E  Yes
Shock or hemodynamie instability ¢ F) =~ Uncertain i Yes
Cardiac Surgery (IZ'A) e — You
Low risk No . C -
High risk Uneertain o —
Peripheral Vascular Swrgery (I B) — Yes
BReduced complications Yee D —
Reduced morbidity Uncertain D :E
Aortic Burgery (I . - —— o)
Low nsu;g i ( 9 Uncertain B o
High rigk Yes i —
Ceriairic patients undergoing
surgery (I.D) _ No E Yes
Neurosurgery (I E) Uneertain B Yes
Ereeclampsis (I 7} Not routinely i Yes
Trauma (HT Ay Yes i Yes
Eepsis/septic shock (IV) Uaeertain 3] Veag
Supranormal Oxygen Delivery -— e Yos
BIRS (VA4) Tneertain B —
High-risk surgery (V B} . Uncertain C -
Raspiratory Tailure (VI B) Unecertain B Yes
. Pedistric patients (VII B). Yes® E Yes

Table {7 Grading of responses to questions and levels of evidencs

Grading of Responses {0 Questions

Supported by at least two level I investigations
Supported by only one level I investigation
Supported by level II investigations only
Supported by at least one level I investigation
Supporfed by level IV or level V evidencs

O

Lavels of Evidence

Level I Large, rendomized trials with clear-cut results; Jow risk of falae-pos:.twe
{c) error or false-negative (B) error

Level I Small, randomized trials with uncertain results; moderate to high nslc of
false-positive (@) end/or false-negative (B) error

Level ITT Nonrandomized, contemporsmesus controls

Level IV Nonrgndomized, historical controls and expert opinion

Level ¥V Case series, uncontrolled studies, and expert opinion

Adapted from Sackeit (31).



AEMODYNAMIC MONITORING

TABLE /3 THERAPEUTIC GUIDELINES BASED ON HEMODYNAMNIC PROFILE

Condition

Suggesied Immediate lniervention

‘Pulmonary congsstion or edema
wilh elevated POW

Low-output or shock syndrome
with low ar normal POWT and PAP

With high RAP, pormal POWP and
PAP with ECG evidence of
inferior infarction

With high PCWP and PAP

With high RAP, RAP=PCWP and
puisus parsdoxus and eche evidence
of pericardial edusion

With high RAP, high PAP but
nomznal PCWP

With bigh €O, Jow SVE

-

Divretics i
Vasodilators @ nitrates, nitroprusside
Copsider LABP if associated with
Continuiog of recurrent Ischemiz

Shock

Acule severe mitral regurgitstion or
venuricular septal reprure

Foor response 1o vasodilators and divrcties
Consider hemofliration or dislysis .
i associzted with severe renul
insufficiency or resistant oliguria

Rapid volume expansion till POWP of
15-13 mm Hg; If no response, add an

. inotropicestecholamine (dopamine or dobutamine)

Consider R VP infarction: use Inotropes with
or without sdditional volume

Vasodilators to reduce preicad and aiterload
Druretics to reduce prejoad

Inotropic vasopressors if patient is hyporensive
Consicer IABP 25 indiczted 2bove

Consider amporede, confinm with
schocardigraphy and periom pericardioceaiesis

Consider pulmonary embolism, conflirm with
angiograpby or fung sean, and treat accordingly
with thrombolyticand anticosgulant therapy. May
$i50 be caused by pulmoesry parenchymal oo
obliterative vaseular or sirway disease,

Consider earky sepsis, Jook forsowre aad oypeof
infecrion, sad wearscordingly.



DIASTOLIC OR PULMOMARY ARTERY WHDME

fluld Challenge: ?FAH“ F?&D ma Hy 7= rdind
< 1 H el 72 1% =in
Observe ??AD"?'PH 12 mm Hg
for 10 =in < 18 wn Hg g o= oz 17 ain

<16 na Hg

During infusion &% main > 7 wm Hg

Tmmed{ztely [olleving > 17 m iy
18 min {nfusien > 1 om Hg
< 1o R

i ml oz N minp
STor
Wall if ein

Wit LTUP

T oeant fnue fafuslon

GUIDELINES FOR FLULD CHALLERGE

UTILIZISRG CENTRAL VERNOUS PRESSURE HONITORIHG

Fluid Challengze: CVF, e H 0 (5-2 rule}

Obsarve CVP for 10 aln <8 = H:0
<14 ea HyO

Buring infusfon ¢~% sin 5 o=
> o< ca

> ca
Licm

Fellewing Iinfusica

200 ®ml 2z 10 =in ’
100 =l & 10 ein eTipha:
50 =i x 10 min B

Wait 10 ein
Wait ST0P
Cont lnue infusion

Choice of Pulmonary Ariery Cathelers

* Variely of choices: Range 4-7.5 T, length

60 to 119 om,

3 lumen is standard. {las CVP, PA Balloon

& thermodilution for CO
¢ Lumen catheler (VIP)

5
® @

4 -5 lumenn fTheraptic

L

Ri Yentricutar lection Fraclion

4 lumen Pacing version {ventricular)

15






Pubnonary ariery
wedge

Right atriue

30

10 -

e o e

i

20 ) AR E
:} \ /j{ ng_

Right vesiricie

:/\p\/ \’\j

Pulmonary artery

Waveforms by location of the Swan-Ganz catheter tip Tracings obtained In the
right atrium or pulmonary capillary wedge position share similar morphology. The
transition from the right ventricte to the puimonary artery tracing can be identified by
the increase in diastolic pressure and the presence of a dicrotic notch. The diastolic
"step~up” results from the transducer crossing the pulmonic valve; the dicrotic noteh
reflects closing of the puimonie vaive. Redrawn from Maring, PL The ICU Boolk,
Philadelphia, Lea and Feliger, 1991, p. 103.




Generic/Trade Names

Crenerie nomes and reade names
(in parcneheses) of drugs mentioned
in this ardcle are clonidine
(Catapres), aminoglutethamide
(Cyvtadrent, and mewvrapong
{Metopirone).
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Introduction

In some critically ill patients,
hypotension, hypoxemia and
oliguria cannot be expiained despite
close monitoring of puise rate, cen-
tral and systemic blood pressure.
The fact that fluid overload.
hypovolemia, pulmonary edema and
tissue hypoperfusion can develop in
patients with normal systemic biood
pressure and arterial oxygen ten-
sion, indicates that some additional
hemodvnamic, respiratory, oxvgen
transport and OXYEEn consumption
variabies should be considered in
the diagnosis and treatment of high-
risk, critically ill patients.

The introduction in critical cace
of the puimonary artery catheter
and later development of the
"Automated Phyvsiologic Profile”
(APP) have provided the critical care

specialist with rapid and easy bed-
side measurement of some very
useful cardiovascular, respiratory
and metabolic parameters. This in-
formation can be obtained as fre-
quently 15 needed in order to guide
the therapy rationally with inotropic
and vasoactive drugs as well as fluid
administration.

The "Automated Physiologic Pro-
file” can be obtained with 2 simpie
pocket calculator, though a signifi-
cant amount of time can be saved

RVF -

A N I
{praioad ! lpump !} (atterioad)

CVP RVSWIi,SI PVR

with a “huilt-in,” programmable
caleubntor (Hewden-Packard, Clinge:
Dara Service, Inc.). In Addition,
most of the modern ICU bedside
monitors (Marquett Electronic, Inc.
Gould Electronics: Hewlett-Packare
and cardiac output computers
(Waters Instruments, Inc.) already
have a program incorporared whic
allows some hemodynamic variable
to be obtained.

Through the APP, the three com
ponents of .the cardiovascular
system (preload, afterload and car-
dizc pump) can be evaluated
separately (Figure 1). Further, somu
respiratory, oxygen transport and
OXYEen consumption variables can
also be determined. !

Indications
Obraining a physiologic profile i

indicated for the assessment of pa-

tients with 2 wide variety of

conditions:

1) management of hypotension an
circulatory shock

2) assessment of cardiac funcrion

in:

2) congestive heart failure

b} myocardial infarction

<) cardiomyopathies

d) valvular dysfunction

¢) pericardial tamponade

f) cardiovascular surgery

g2) monitoring of the surgical
patient with unstable cardio-
vascular status

fluid status in:

a) acute renal failure

b} shock

c) burn

d) sepsis

¢) liver failure

3

)

RA | I LA |

RV I £e Al -l:ij——-—-————-

SvC PA PV A
b cwp Lvswist svR "
{praicad) {pump} [=sftericad)

N yd N -
LYF

Figure 1. Cardiovascular compart and h dy ic variables repr =l

them. (See glossary for abbreviations.)




TABLE 1

Physiologic Profile (sce glossary for
abbreviations)

Hemadynamic Values

~Syst BP (M) _PA SystMy _CO (M)
Dias BP (M) _PA Dias (M} __CI (D)
__MAP (C) —MPAP(C)  _HR (M
_CVP M) _PCWP (M) .SV (C)
_SVRC} _PVR(Q) -S1{C)
_SVRI(C) —PVRI (C) _LVSWI ()
—BSA{C)
Blood Gases
@, (M) —A2DO, (T} Py (Q)
—AnpH (M) _PFvO, (M) . _Temp (M)
—Art BE (M) —MV pH (M) _Hgb (M)
~P3CO;, M) — MV BE (M) _F,0; (M)
—520; (M)  _3v0, () _Y¥O,(C)
—La0y(M) —Cv0, Q) V0,1 ()
DO, (©) vDO, (C) __OER (O)
_D0,I (C) —QsiQt (C)

(M) = measured parameters
(C) = calculated parameters

4) respiratory distress:
2) to differentiate cardiogenic
from non-cardiac causes
b) as an aid in diagnosis of
pulmonary hypertension
(pulmonary vs.
non-pulmonary)
5) monitor therapy:
a) vasodilators (CHF, dissenting
40rtic aneurysm)
b} inotropics (low cardiac outpur
states, shock)
<) fluid replacement
d) barbiturate coma

Methodology

In order to calculate the different
variables of a physiologic profile,
the measured parameters listed in
Table 1 are needed. This informa-
tion is collected at the bedside with
the use of pulmonary artery
catheter and cardiac output com-
puter. Cardiac cutputs are obtained
by thermodilution technique.

For blood gas analysis, two blood
samples are withdrawn
simultaneously, one from the
puimonary artery port-(mixed
venous), the other from a systemic
artery, The mixed venous sample
should be withdrawn slowiy (1
cc/20 sec) to avoid aspiration of
arterialized blood from the
puimonary capillary or pulmonary
vem 1emiory,

When the above data is fed into
one of the previously mentioned
computers, the calculated, derived
variables outlined in Table I will be
ubtained. These variables can be
scparated inlo two categories: A)
Hemaodynamics, refated 1o the car-
diovascular system: and B) "*Blood
Gases,” concerning gas exchange,
oxygen delivery and oxygen
consumption.

In addition, plotting the patient’s
left ventricular stroke work index
{LVSWT) and capillary wedge
pressure (CWP) over a Sarnoff's
ventricular function curve, the level
of myocardial performance can be
determined (Figure 2).

Derived Hemodynamic
Parameters
A) Cardiag Index (G = Cardiac Owpue |

BsA
Mamal 2.%4.% L min'm?

Cl is increased by: anemia, exer-
Cise, sepsis, hyperthyroidism,
positive inotropic drugs.

Cl is decreased in: cardiogenic
shock, hypovolemia, congestive
heart failure, large pulmonary em-
bolism, cardiomyopathies, pericar-
dial diseases, negative inotropic
drugs. :

B] Stroke Volume [5V]« CO
Mormai 60-R% mi HR »

Stroke Volume Index (50~ C1

HR»
Narrmal 15-48 mi.m*

Sl is increased in: sepsis,
bradycardia, positive inotropics,
hypervolemia, hypertension, aortic
regurgitation, physical fitness and
“high ourtput failure.”

S5 is decreased in: hypovolemia,

cardiogenic shock, cardio- .

myopathies, aortic stenosis, and

negative inotropics.

C) teht Venmicutar Stroke Work Index (LS -
LYSWI = iCIxMAPY x 13 G;

HR
Normal 44-70 gmm m *

LYSWI increases in hypervolemic
states and hypertension.

LVSWI decreases in: left ven-
tricular failure, cardiogenic shock,
severe aortic steposis, and late
stages of septic shock.

D) Svstemie Vatcular Resisianee (SVRE -
FVE  IMAP et VP y ",
ULy
Moremal KINKL2H) dene sec om

Swetemec Vascular Resstanee Index 15VRIY
NURE = (MAE =GV x T,

w
Nermal L 500-2600 dvae ser 'em ' m?

SYRI increases in: hypertension,
hvpovolemia, cardiogenic shock,
left ventricular failure, hypothermia
and vasoconstrictive drugs.

SVRI decreases in: sepsis,
arteriovenous fistulas, hyperthermia,
hypervolemia, liver failure, and
vasodilators.

E} Right Yemncular Sirake ®ork fndex (RVAT T =

RVE® -rG!MPAH LA LR

HE
Mormat 710 gmomm

RVSWI is increased in: pulmonary
hypertension. pulmonary embolism,
left ventricular failure, mitral
valvulopathies, and hypervolemia.

" RVSW1 is decreased in: right ven-
tricular failure, hypovolemia, car-
diogeriic shock, and severe
pulmonic valve stenosis.
F) rutmonary Vascutar Resisance indez (PVRI) =

PVRI = (MPAP-~CWE) x 79.9:

A
Mormzt w-z:l dynesce. 'em tm?

PVRI increases in: pulmonary
hypertension, pulmonary embolism,
left ventricular failure, mitral valve
disease, adult respiratory distress
syndrome (ARDS), congestive heart
failure, mechanical ventilation and
positive and expiratory pressure
(PEEP).

PVRI is decreased by therapy
with nitroprusside, isoproterenol
and nitroglycerine.

Interpretation of
Hemodynamic Profile

The variables obtained with
hemodynamic profiles can be
separated into three groups: values
representing pretoad, pump and
afterload (Figure 1).

The most frequent conditions af-
fecting the different cardiovascular
"compartments’ are listed in Table
2. A further evaluation of the right
and left myocardial performance
can be done independently: "right
heart” by CVP, RVSWI and PVR;
“left heart'” by CWP, LVSW! and
SVR.
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‘igure 3. Dlagram of oxygen transpori-consumption. See glossary for abbreviations.

nixed venous cxygen saturation
Sv(:) 70-75 per cent. Abnormal
ralues of O:ER,A-VO: Diff or PvO..
n the absence of peripheral
reriovenous shunting or abnormal
finity of oxvgen for hemoglobin.
vould indicate 2 mismatch between
issue demand for oxygen and its
upply.

Additional informartion about
wulmonary gas exchange is obtained
n this part of the profile with the
ntrapuimonary shunt (QJ/Q.) and
iveolar-arterial oxvgen gradient
A-aDOn).

The Pw or the oxygen tension at
which 50 per cent of hemoglobin is
saturated is also calculated. This
ralue would indicate the position of
‘he oxvgen hemoglobin dissociation
curve. Under normal conditions, the
?w is appraximartely 27mmbg: in
other words, normal aduit hemo-
globin is 50 per cent saturated at a
Pa0a of 27 mmHg. A higher Pw in-
dicates a shift to the right, and 2
lower value represents a shift to the
left.

Derived ‘Blood Gases'
Variabies

Once the information required in
Table | has been obtained and fed
into the computer, the calculated
physiologic parameters that we call-
ed "'Blood Gases" will be available.
These variables derived from the
following formulas:

A

Toaal Dievpen Deliwery { :’:l),] -

Sormal #1200 mi mn |
Oxvgen Lelivery Index (00,1 =
D1 -1,

[T
Hoemal SH-I00 mEman, 'm ¢

B

—

Total Ozvpen Consumpbon | C‘U.p -
VO, - COICI0, =i v ) 2 10

Mormal 120-280 mimn |

Cxwgen vonsumpuon index § V0,0 =
(NEN .
ASA

Sowmst 1 10-160 mimn ' m '

DO, =110 x HRb x 10 & L0 5 530,) 4 ?aﬂ)e‘b'aﬁ%

C) Anemovencus Oxvgen Difference (A0, DilF
ot vl p -
AV, DIff = C30,—Cet),;
Noemat 3% mibat '
a0, = Hgd = 1 36 x 530, « PaQ, x 0.00%
Co0), = ligh 2 1 M x Sv0, = Pal, x 0 003

D] Alvelnar—arteral Oxvgen Geadient (4300, =
A-aD0, = PAL), - Paf),;
Mowmal 515 mmHg on (oom s
This gradiemt increases wih 3 MIgREr CONCCRErANON
ul FO,

E) vy A ar
1900, -
Q- G, Ca:
oL, Gy
Mormal 3-5%

v Shunt

©, = alveolat oxvgen content
Cawaneral axygen content
C¥ = venous OXYREEN content

Interpretation of ‘Blood
Gases’ Profile

The data obained in this part of
the profile can be approached and
analyzed in 2 similar manner to the
steps taken above to interpret the
hemodynamic variables.

The "oxygen transport-
consumption system’ could also be
divided into three compartments,
each of them being represented by
certain variables (Figure 3):

A) Pre-tissue oxvgen load is
represented by the oxygen
delivery (DO:). A decreased DO:
resuits from low cardiac ourput,
anemia and hypoxemia. In-
creased DO: is characteristic of
hyperdynamic stares: sepsis,
stress, exercise, agitation, and ex-
cess catecholamines.

B) Tissue metabolic status is
determined by oxygen consump-
tion (VOu). Decreased VQ.l
results from hypothermia,
hypothyroidism, circulatory
shock, bartiburates, sedatives,
muscie relaxants, severe reduc-

tion in DO, late sepsis, cyanide,
carbon monoxide. and improper
mixed venous blood sampling.
Increased V.l is caused by
hyperthermia. agitation, c:&crcisc
carly sepsis. hyperthvroidism, '
and catecholamines,

C) Post-tissue oxvgen load is
represented by Pv(O: and SvOs.
Decreased values may result from
anemnia, hypoxemiz or low car-
diac output. They 2lso can be
caused by an increased oxygen
consumption, which is not
matched by increased DO,. In-
creased PvO: is seen when an ex-
cess of oxygen delivery in rela-
tion to demands exists; also by
left-shifted oxvgen hemogiobin
dissociation curve or by impaired
cell merabolism. Occasionally, the
high PvO: represents a mixed
venous sample “contaminated”
with arterialized blood due to 2
fast collection of the sample or
artc'rlovcnous fistuia.

Once the interpreration of the
“Blood Gases'' profile has been
compieted, any significant abnor-
mality of the oxygen transpori-
consumption system should be
corrected.

Clinical Applications

The following case illustrates the
diagnostic and therapeutic applica-
tions of serial physiologic profiles in
@ patient admitted o 1CU.

Case report; A S1-year-oid
stuporous female with o negative
medical histary for cardiac or
thyroid disease or intake of any
medicarion. On admission, the pa-
tient's temperature was 29.99C,
pulse 55/min. and regular. Her
respiratory rate was 8 breaths/min.,
and systemic blood pressure 90/65
mmHg. Skin was cooil. There was
no thyroid enlargement. Heart
sounds were distant. soft and
regular. No murmur, gallop or rub
were detected. Breath sounds were
diminished but there were no rales
or wheezes. A moderate bilateral
pieural effusion and significant car-
diomegaly were present on chest x-
ray. Electrocardiogram showed
junctional rhythm.




TABLE 2

Conditions Affecting Prcload, Pump and Afierload

Decrense

Hypovolemia
Nitroglveerine
Nitroprusside

increase

Prejoad Hypervolemia

1CVP, CWP) Congestive Failure
Cardiopenic Shack
Yalvular Heart Disease

Pump Hyperdynamic States

{SI, LVSW1, RVSWI, CI) Hypervolemiz
!notrnpics t+}

Exercise

Cardiomynpathies
Myocardial Necrosis
Valvulopathies
Pulmonary Embolism

High PEEP
Alfterload (SVR, SVR]) Hypertension Scpsis
Hvpovolemia Hyperthermia
Low Cardiac Qurpur- Anemia
Vasopressors A-V Fistula
Hypothermia Vasodilators
TABLE 3
Therapeutic Measures to Modify Preload, Pump and Afterioad
increased Decreesedd
Prefoad Fluids (Collnids or Grysealiokds) Diurctics
Trendelenherg Position Nitroglycerine
Straight Leg Eievation Fhlebotomy
MAST Garment Touvrniguets
Pump Beta, Sympathicomimetic Agents Betz, Blockers (Propranolol,
{Dopamine, Dobutaming) Meraprolol)
Phosphodiesterase Inhibitors Calcium Channe! Blockers
(Amrinone) (Verapamil)
Afterioad

MAST Garment

In most instances, the above
vajues will determine if the patient
has preload, pump or afterload
failure. The following aiteration
characterizes each of these groups:

CVP CWF I LVEWT &t Sval

Y meems + v b bt
eSS S
<) Aﬂzr‘lmd.F:ﬂur: —_ T L T i

{¥asogenic) T

Occasionaily, the values of the
hemodynamic profile, though zb-
normal, are not tvpical for any of
the above conditions. These
atypical profiles can be uhtained
from patients aiready under therapy
with vasoactive drugs, diuretics or
fluids as well as those with a combi-
nation of ejther poor left vermricular
function, sepsis and/or hvpovolemia,

Alpha, Sympathicomimetic Agonist
(Norepinephrine, Phenylephrine,
High Dose Dopamine)

Nitroprusside, Capropril,
Apresoline, Nifedipine,
Intra-aortic Balloon Pump

Management Through
Hemodynamic Monitoring

Upon obtaining and interpreting
the profile and reaching 2 diagnosis,
treatment shouid be started. The
need to correct any of the abnormal
vaiues will be determined by the
patient's clinical condition and the
goal of therapy. -

Therapeutic intervention can be
done by pharmacologic and
mechanical means following the ap-
proach in Tabie 3. Once therapy is
either established or readjusted, its
effect should be evaluated by serial
determinations of physiologic
profiles. . |

" Leoh cASES? PROFILE
urvival of criucai-care pnuﬂnls 15

closely related o optimal supply of
oxygen and nutriens o the dif-
ferent organ svstems. The main

function of the cardiopulmonary
sysiem is to maintain the amount ¢
oxvgen delivery necessary for issu
metabolic needs. When oxveen
supply does not match the demanc
a deficit of oxvgen at the cellular
level develops, causing aiteration o
normal cellular functions leading
anaerobic metabolism. cellular
degeneration and cellular death,
Calculating oxygen transport and
0xXygen consumption variables
enables the determination of the
balance between oxygen demand
and supplv.

In this part of the physiologic

. profile, information is_obrtained of

the oxvgen delivery (DO,) and cor
sumption { VO,}. Further, the rela-
tionship between oxygen demand
and oxygen supply can be deter-
mined by the oxygen extraction
ratio (O, ER) and aneriovenons ox-
yren content difference (A-VO,
Diff). Under normal metabaolic con
ditions, the O:ER is approximartely
25 per cent of the DO,, and the A-
VO, Diff 5 mi O,/dl. Therefore, if
the arterial bicod is fully saturated.
the mixed venous oxygen tension
(PvO,) should be 3644 mmHg anc
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Flgure 2. Sarnoff ventricuiar funcii
curve,

LYSWI—Left ventricuiar stroke work
index.

PCWP—Pulmonary capiliary wedge
pressure.
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A pulmonary arterv catheter
{Swan-Ganz) was inserted and the
following profile wis obtained:

e BYRT Hp Iy PASYNST U HD LD
LRI ECN I o PATYAS el
TR oMaP iH MPAP 5 HR
e HUwWpe [E0 AN
156 SVR 20 PYR 12 SVt
Jal SVRL Ly PVRY L A |
I 0 RSA

QUESTION 1. Which one of the
tollowing conditions is least likely
to be compatible with the above
profiie?

aj Hvperosmolar coma

b} Ruptured abdominal agrtic

aneurysm

Cj Sepsis
d} Addisonian crisis
e} Hypothvroidism

QUESTION 2: A presumptive
diagnosis of myxedema coma was
made and Synthroid 500 mcg and
Hydrocortisorne 100 mg were ad-
ministered intravenously. The pa-
tient’s intravascular volume deficit
was corrected. Twenty-four hours
later the systemic blood pressure
was 95/65 mmHg and urine output
was less than 20 ml/hour. A new

profile was obtained which showed:

CWP 18 mmHg, CI 2.3 L.min.'m*
and SVR 1479 dyne.sec.'cm’. A
rhythm strip demonstrated a regular
sinus rhythm of 72 beats/min. Body
temperature was 36.5°C. At this
puint would vou consider?

2} Phenvlephrine

b) Fiuid challenge

c) Dobutamine

d} lsoproterenci

e) Norepinephrine

QUESTION 3: The admission
“"Blood Gases™ profiie is shown
below.

68 P20, 37 PvO2 29.9 TEMP
~.36 ART PH 7 35 MvPH ‘1§ HBG
2.1 ART BE  -05 MV BE u5 FO,
97 520, R6 SvO, 59 Vo),

13 Cauy, 1.5 Gy, 15 VO
Aud 1), 16 avien 012 0ER
ATHI |.1¢?,I b 1RIT LH R I,
41 Prag 247 han2

In general. the least likely ex-
pianation for a decreased oxygen
deliverv index { DC:i} wouid be?

3} Anemia

b} Carbon monoxide intoxication

¢) Adriamvycin roxicity

d) Thvrotoxicosis

QUESTION 4: The oxvgen
delivery was normalized. but the
axvgen consumption index remain-
ed below normal, The most likely
explanition for this abnormality
would be?

1) Hypothermia

1} Myxedema

v} Arteriovenous listula

d) Administration of muscle

refaxants with sedatives
e} All of the above

DISCUSSION: Though this patient
had a negative history of thyroid
disease, the presence of hypother-
mia, bradypnea and bradvcardia as
well as clinical findings of decreased
mental status, brittle hair, nonpitting
edema and slow relaxation phase of
the deep tendon reflexes, were in-
dications nf possible myxedema
coma. This was later confirmed by
a2 TTs 2 ug/dl and TSH 50 u[U/mi.

Answer 1o question 1 is C: Since
sepsis is generally characterized by
high cardiac output and low
sysiemic vascular resistance. The in-
itial profile was consistent with
hivpovolemia (low CWP, low CI and
high SVR). Hyperosmolar coma,
rupture of abdominal aortic
ancurysm. and Addisonian crisis
usuaily present with hypovolemia.
Hypothyroidism causes prolonga-
tion of the pre-ejection period,
pericardial effusion and bradyarryth-
mizs which can result in a de-
creased Cl. In additon, a deficient
int2ke of fluid during myxedema
may cause 3 decrease in preload,

Answer to question 2 is C
Hypovolemia can mask a depressed
myocardial function. This may only
become manifest after fluid correc-
tion, as it happened in our patient.
The low cardiac ourput will result
in 2 decreased glomerular filtration
rate and urinary output.
Dobutamine increases cardiac out-
put and decreases 3VR. The vaso-
constrictive effect of phenviephrine
mnd notepinephrine is unwanted in
tiits case because it could cause fur-
ther reduction in urinary and car-
dizc output. The arrhythmogenic
properties of Isoprotereno!, and the
diversion of biood flow 1o the
mesenteric and skeletal muscle terri-
tories caused by this drug, would

make its use 2 bad choice. Sinc
(Z'\}’/F is already optimal, further :
ministration of fiuids would be
contraindicated.

Answer to question 3 is d:
Thyrotoxicosis usually presents a
hyperdvnamic state with high DC
Reduction of any of the three m:
components of oxygen delivery
(€O, ligh and arterial oxygen
saturation} could affect this varia
Theretore, anemia and carbon
monoxide intoxication could de-
crease DOl Adriamycin, 2
chemotherapeutic agent, can caw
cardiomvopathy with z significan
decrement in cardiac output and
DOl

Answer (o question 4 is e: The
OXyYgen consumption obtained in
the "Blood Gases" profile is
cialculated: therefore, in the
presence of an arterio-venous
fistula, the high oxygen saturatio
of the mixed venous sample wou
underestimate the degree of
metabolic rate. Hypothermia and
hypothyroidism decrease the tiss:

‘metabolic activity and VQal. In I

patients are occasionally
iatrogenically sedated and paralv:
during mechanical ventilation.Th
results in 2 decrease in muscle zc
tivity and oxygen consumption.
In conclusion, the care of the
critically ill patient can be
significantly improved with the 5
ple determination of physiciogic
profiles. These variables can
markedly expand the diagnostic :
therapeutic horizons of physiciar

Gloslsary

A = Aorta

AaDo: or A-aDO: = Alveolar arte
oxyvgen difference

Art BE = Arerial bases excess

avDO: or A-VO: Diff =
Arteriovenous oxygen differen

BSA = Body surface area

Ca0: = Arterial oxygen content

Cl = Cardiac index

CO = Cardiac output

Cv(O: = Mixed venous oxygen
conient

CVE = Central venous pressure

CWP or PCWP = Pulmonary

. capillary wedge pressure

DO: = Oxvgen delivery

DO:l = Oxygen delivery index

Fi0: = Fraction of inspired oxy

HR = Heart Rawe

LA = Left atrium




LV = Left ventricle

LVF = Left ventricular function

LVSW = Left ventricular stroke
work

LVSW! = Lelt ventricuiar stroke
work index

MAP = Mean arterial pressure

MPAP = Mean pulmonary artery
!IH"’}".I’!H'

MV NE
L. ¥ I

L1, R DIRyvgen exiracton v

PA = Pulmonuary artery

PaCO; = Arterial carbon dioxide
tension

PC = Pulmonary capillary

PV = Pulmonarv vein

PvQ, = Mixed venous oxvgen
tension

PVR = Pulmonary vascular
resistance

PVRI = Pulmonary vascular
resistance index

M e venon e

QJQ = Pulmonary shunt fraction

RA = Right atrium

RV = Right venrricle

RVF = Right ventricular function

RVSW = Right ventricular stroke
work

RVSWT - Right venrricular stroke
wionk indey

WO Naer il o pen sttt ion

Sor sV

SV = Siroke volume

SVC = Superior vein cava

SvQ, = Mixed venous oxvgen
saturation

SVR = Systemic vascular resistance

SVRI = Systemic vascular resistance
index

VO, = Oxygen consumption
VO, = Oxygen consumption
index

Sthroke volume ey
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EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

Emanugs RIVERS, M.D., M.P.H., BayanT Nauven, M.D., Suzanne Havstap, M.A., Julie Resster, B.S,,
ALexanDRIA Muzzin, B.S., BernHarp KnosticH, M.D., Ebwanro PETERsON, Pr.D., AND MIcHAEL TomLanowvick, M.D.,
FOR THE EARLY GoalL-DIRECTED THERAPY COLLABORATIVE GROUP¥

ABSTRACT

Background Goal-directed therapy has been used
for severe sepsis and septic shock in the intensive care
unit, This approach involves adjustments of cardiac
prefoad, afterload, and contractility to balance oxygen
delivery with oxygen demand. The purpose of this
study was to evaluate the efficacy of sarly goal-direct-
ed therapy before admission to the intensive care unit.

Methods We randomiy assigned patients who ar-
rived at an urban emergency department with severe
sepsis or septic shock to receive either six hours of
early goal-directed therapy or standard therapy (as a
control) before admission to the imensive care unit.
Ciinicians who subsequently assumed the care of the
patients were hiinded 1o the treatment assignment.
in-hospital mortality {the primery efficacy outcome),
end points with respect to resuscitation, and Acute
Physiotogy and Chronic Heaith Evaluation {APACHE Ii)
scores were obtained serialty for 72 hours end com-
pared between the study groups.

Resulzs  Of the 263 enrolied patients, 130 were ran-
domly assigned to early goai-directed therapy and 133
to standard therapy; there were no significant differ-
ences between the groups with respect to base-line
characteristics. In-hospital mortality was 30.5 percent
in the group assigned-to early goal-directed therapy, as
cormpared with 48.5 percent in the group assigned to
standard therapy {P=0.009), During the interval from
7 to 72 hours, the patienis assigned to early goal-
directed therapy had a significantly higher mean {==8D)
central venous oxygen saturation (70.4x10.7 percent
vs. 66.3%11.4 percent}, a lower lactate concentration
{3.0+4.4 vs, 3.914.4 mmal per fiter), a lower base def-
feit {2.0:£8.6 vs. 5.1x8.7 mmol per fiter}, and a higher
pH (7402012 vs. 7.36:20.12) than the patients assigned
to standard therapy (P<0.02 for all comparisons). Dur-
ing the same period, mean APACHE Hl scores were sig-
nificantly lewer, indicating less severe organ dystunc-
tion, in the patients assigned to early geal-directed
therapy than in those assigned fo standard therapy
{13.0%6.3 vs. 16.89x6.4, P<(.001).

Conclusions Early goai-directed therapy provides
significant benefits with respect to outcome in patients
with severe sepsis and septic shock. (N Engl J Med
2001,345:1368-77.)

Copyright @ 2001 Massachusetts Medical Saciety.
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HE systemic inflammatory response syn-

drome can be self-limited or can progress to

severe sepsis and septic shock.! Along this

continuum, circulatory abnormalities (intra-
vascular volume depletion, peripheral vasodiatarion,
myocardial depression, and increased merabolism) lead
to an imbalance between systemic oxygen delivery and
oxygen demand, resulring in global tissue hypoxia or
shock.? An indicator of serious iliness, global tissue
hypoxia is a key development preceding multiorgan
failure and death.? The transition to serious illness oc-
curs during the critical “golden hours,” when defin-
itive recognition and treatment provide maximal ben-
efit in terms of outcome. These golden hours may
elapse in the emergency department,? hospital ward,?
or the intensive care unit.’

Early hemodynamic assessment on the basis of phys-
ical findings, viral signs, central venous pressure,® and
urinary ourput” fails to detect persistent global tissue
hypoxia. A more definitive resuscitation strategy in-
volves goal-oriented manipulation of cardiac prejoad,
afterload, and conrractility to achieve a balance be-
tween systemic oxygen delivery and oxygen demand.?
End points used to confirm the achievemnent of such
2 balance (hereafter called resuscitation end points) in-
clude normalized values for mixed venous oxygen sat-
uration, arterial lactate concentration, base deficit, and
pH.8 Mixed venous oxygen saturation has been shown
to be a surrogate for the cardiac index as a target for
hemodynamic therapy.f In cases in which the insertion
of a pulmonary-artery catheter is impractical, venous
oxygen saturation can be measured in the central cir-
culatrion .}

Whereas the incidence of septic shock has steadily
increased during the past several decades, the associ-
ated mortality rates have remained constant or have
decreased only slightly.! Studies of interventions such
as immunotherapy,'* hemodynamic optimization,’3
or pulmonary-artery cathererizarion™ enrolled patients
up to 72 hours after admission to the intensive care
unit. The negative results of studies of the use of he-
modynarmic variables as end peints (“hemodynamic

From the Deparuments of Emergency Medicine (E.R., B.N,, LR, A.M,,
B.K., MJT), Surgery (E.R.}, Internal Medicine (B.N.}, and Biostaristics and
Epidemioiogy {5.H., E.I'), Henry Ford Heaith Systems, Case Western Re-
serve University, Detrolt, Address reprint requests o Dr. Rivers ar the De-
parement of Emergency Medicine, Henry Ford Hospital, 2799 West Grand
Blvd., Detroir, M1 48202, or at eriversl@hihs.org.

*The members of the Early Goal-Direcred Therapy Collaborative Group

are listed in the Appendis,
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optimization™), in particular, prompred suggestions
thar furare studies involve patients with similar causes
of discase!® or with global tissuc hypoxia (as reflecred
by clevated lactate concentrations)!s and that they ex-
amine interventions begun at an earlier stage of dis-
ease 16,07

We cxamined whether carly goal-dirccred therapy
before admission to the intensive care unit effectively
reduces the incidence of multiorgan dysfunction, mor-

tality, and the use of health care resources among pa-
tients with severe sepsis or septic shock.

METHODS

Approval of Study Design

This prospective, randomized study was approved by the instity-
tional review board for human research and was conduceed under
the auspices of an independent safery, efficacy, and dat moniroring
committee, :

lood pressure 90

SIRS criteria and systolic
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mm Hg
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and
‘conseant
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Figure 1. Overview of Patiant Enrollment and Hemodynamic Support.

SIRS denotes systemic inflammatory response syndrome, CVP central venous pressure, MAP mean arterial pressure, SevQ, central
venous oxygen saturation, Sa0, arterial oxygen saturation, and VO, systemic oxygen consumption, The criteria for 3 diagnosis of

SIRS were temperature greatar than or equai to 38°C or less than

36°C, heart rate greater than 90 beats per minute, respiratory rate

greater than 20 breaths per minute or partial pressure of arterial carbon dioxide less than 32 mm Hg, and white-ceil count greater
than 12,000 per cubic millimeter or lessthan 4000 per cubic millimeter or the presence of more than 10 percent immature band forms.
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Eligibility

Eligible adult patients who presented 1o the emergency depart-
ment of an 850-bed academic tertiary care hospital with severe sep-
sis, septic shock, or the sepsis syndrome from March 1997 through
March 2000 were assessed for possible enrollment according 0
the inclusion’®® and exciusion criteria {Fig. 1). The criteria for in-
clusion were felfillment of two of four criteria for the systemic in-
flammatory response syndrome and a systolic blood pressure no
higher than 90 mm Hg {after 2 crystaioid-fuid challenge of 20 o
30 ml per kilogram of body weight over a 30-minute period) or
a blood lactate concentration of 4 mmol per fiter or more, The eri-
teria for exchusion from the study were an age of less than 18 years,
pregnancy, or the presence of an acute cerebral vascular event, acure
coronary syndrome, acute pulmonary edema, stwtus asthmaticus,
cardiac dyschythmias (as a primary diagnosis), contraindication to
central venous catheterization, active gastrointestinal hemorrhage,
seizure, drug overdose, burn injury, trauma, a requirement for im-
mediare surgery, uncured cancer (during chemotherapy), immune-
suppression {because of organ transplantation or systemic disease),
do-not-resuscitate status, or advanced directives restricring imple-
mentation ‘of the protocol.

The clinicians who assessed the patientts ac this stage were unaware
of the patients’ treatrment assignments; After written informed con-
sent was obtained {in compliance wirh the Helsinki Declararion?),
the patents were randomly assigned either to early goai-directed
therapy or wo standard (control) therapy in computer-generated
biocks of two to eight. The study-group assignments were placed
in sealed, opague, rendomiy assorted envelopes, which were opened
by a hospital staff member who was not one of the study investi-
parors.

Treatment

The patients were treated in 2 nine-bed unit in the emergency
deparzment by an emergency physician, two residents, and three
aurses.’ The study was conducred during the routine weatment of
other patients in the emergency department. After arterial and cen-
wal venous carheterization, patients in the standard-therapy group
were treated at the clinicians” discretion. according to = protocol for
hemodynamic sapperc?* (Fig, 1); with criticai-care consultation, and
were admirted for inpatient care as soon as possible. Blood, urine,
and other relevant specimens for culture were obrained in the emer-
gency department before the administration of andbiotics. Antibi-
otics were given at the discretion of the treating clinicians. Anti-
snicrobial therapy was desmed adeguate if the in vitro sensitivities
of the identified microorganisms matched the partcular antibiotic
ordered in the emergency deparrment.®?

The patients assigned to carly goal-direcred therapy received a
central venous catheter capable of measuring central venous oxygen
saturation {Edwards Lifesciences, Irvine, Califl); it was connected
to a computerized spectrophotometer for continucus MORILOTINE.
Patients were treated in the emergency department according to
a protocol for carly goal-directed therapy (Fig. 2} for at least six
hours and were transferred to the first available inparient beds.
Monitoring of centrai venous oxygen saturarion was then discon-
tinued. Critical-care cliniclans (intensivists, fellows, and residents
providing 24-hour in-house coverage) assurned the care of all the
pacients; these physicians were unaware of the patients’ study-group
assignments. The study investigarors did not influence patient care
in the intensive care unit.

The protocol was as follows. A 500-ml boius of crystalioid was
given every 30 minutes to achieve a central venous pressure of 8 1o
12 mm Hg. If the mean arterial pressure was less than 65 mm Hg,
vasopressors were given to maintain a mean arterial pressure of at
least 65 mm Hg. If the mean arterial pressure was greater than
90 mm Hg, vasodilators were given unil it was 90 mm Hg or be-
low. If the centra! venous oxygen saturarion was less rhan 70 per-
cenr, red cells were transfused to achieve a hematocrit of ar jeast
30 percent. After the central venous pressure, mean arterial pressure,
and hematocrit were thus optimized, if the central venous oxygen
saturation was less than 70 percent, dobutmamine administration was

1370 - N Englj Med, Vol 345, Na. 19 -

started at 2 dose of 2.5 pg per kilogram of body weight per min-
ute, a dose that was increased by 2.5 pg per kilogram per minure
every 30 minutes until the central venous oxygen saturation was
70 percent or higher or unril a maximal dose of 20 ug per kilogram
per minute was given, Doburamnine was decreased in dose or discon-
tinued i the mean arterial pressure was less than 65 mm Hg or if
the heart rate was above 120 bears per minure. To decrease oxygen
consurnption, patients in whom hemodynamic optimization could
not be achieved received mechanical ventilation and sedatives.

Dutcome Measures

The patients’ temperarure, heart rate, urine output, blood pres-
sure, and ¢central venous pressire were measured continuously for
the first 6 hours of treatment and assessed every 12 hours for 72
hours, Arterial and venous biood gas values (including central
venous oXygen saturation measured by in vitro co-oximerry; Nova
Biomaedical, Waltham, Mass.), lactare concentrations, and coagu-
fatiori-refated variables and clinical variables required for derermi-
nation of the Acute Physiology and Chronic Health Evaluation
{APACHE II) score (on a scake from 0 wo 71, with higher scores
indicating more severe organ dysfunction},? the Simplified Acute
Physiology Score II (SAPS 11, on a scale from 0 to 174, with higher
scores indicating more severe organ dysfunction),? and the Mul-
tiple Organ Dysfunction Score (MODS, on a scale from 0 to 24,
with higher scores indicating more severe organ dysfunction ) were
obtained at base line (0 hours) and ar 3, 6, 12, 24, 36, 48, 60,
and 72 hours.22 The results of laboratory tests required only for
purposes of the study were made: known only to the study inves-
tigators. Patients were followed for 60 days or until death. The
consumption of health care resources (indicated by the duration of
vasopressor therapy and mechanical ventitation and the iength of
the fospital stay) was also examined.

Statistical Analysis

In-hospital mortality was the primary efficacy end point, Second-
ary end points were the resuscitation end points, organ-dysfunction
scores, coagulation-related variables, administered trearments, and
the consumption of health care resotrces. Assuming a rate of refusal
or exclusion of 10 percent, a two-sided type I error rare of 5 percent,
and a power of 80 percent, we calculated that a sample size of 260
patients was required to permit the detection of 2 15 percent re-
ducrion in in-hospital mortalizy. Kaplan—Meier estimates of mortal-
ity, along with risk ratios and 95 percent confidence intervals, were
used to describe the relative risk of death. Differences between the
two groups at base line were tested with the use of Student’s t-test,
the chi-square test, or Wilcoxon’s rank-surr test. Incremental analy-
ses oof the area under the curve were performed to quandfy differ-
ences during the interval from base line 1o six hours after the start
of weatment. For the data at six hours, analysis of covarlance was
used with the base-line values as the covariares. Mixed models were
used to assess the effect of weatment on prespecified secondary var-
iables during the interval from 7 to 72 hours after the start of
rreatment.? An independent, 12-member exxernal safety, efficacy,
and data monitoring committee reviewced interim analyses of the
data after one third and two thirds of the patients had been enrolled
and at both times recommended that the tial be continued. To ad-
just for the rwo interim analyses, the alpha spending function of
Deiders and Lan®® was used to determine that a P value of 0.04 or
less wouid be considered to indicate statistical significance.

RESULTS
Base-Line Characteristics

We evaluated 288 patients; 8.7 percent were exciud-
ed or did not consent to participare. The 263 patients
enroiled were randomly assigned to undergo either
standard therapy or early goal-directed therapy; 236
patients completed the initial six-hour srudy period.

November 8, 2001 + www.nejm.org
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Supplementai oxygen =
endotracheal intubation and
mechanical ventilation

!

Central venous and
arterial catheterization

Sedation, paralysis
(if intubated),
or both

8-12 mm Hg

Crystalioid e

Colioid  —

=65 and =90 mm Hg

>80 mm Hg

Vasoactive agents

Hospital admissicn

=70%
<70%

| Transfusion of red celis
until hematoerit =30%

Inotropic agents e

Figure 2. Protocol for Early Goal-Directed Therapy.

CVP denotes central venous pressure, MAP mean arterial pressure, and SevQ, central venous oxygen saturation.

All 263 were included in the intention-to-trear analy-
ses. The patients assigned to standard therapy stayed
a significantly shorter time in the emergency depart-
ment than those assigned to carly goal-directed ther-
apy (mean [£8D], 6.3=3.2 vs. 8.022.1 hours; P<
(L001}, There was no significant difference berween
the groups in any of the base-line characteristics, in-
cludmg the adeguacy and duration of antibiotic ther-
apy (Tabie 1), Vital signs, resuscitation end points,
organ-dysfuncrion scores, and coagulation-relared var-
iables were also similar in the two study groups at base
line {Table 2).

Twenty-seven patients did not complete the inital

M Engl [ Med, Vol, 345, No. 19 - November 8, 2001

six-hour study period (14 assigned to standard ther-
apy and 13 assigned to carly goal-directed therapy),
for the following reasons: discontinuation of aggres-
sive medical treatment (in 5 parients in each group),
discontinuarion of aggressive surgical trearment (in
2 patients in cach group), a need for immediate sur-
gery (in 4 patients assigned to standard therapy and in
3 assigned to carly goal-directed therapy), a need for
intervencional urologic, cardiologic, ar angiographic
procedures (in 2 patients in cach group), and refusal
o continue participation (in I patient in each group)
(P=0.99 for all comparisans). There were no signif-
icane differences between the patients who completed
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TaBLE 1. Base-LiNg CHARACTERISTICS OF THE PATIENTS.

Sranparp THERary  Eanly Goal-DmECTED

VaniasLe {N=133} Trerary (N=130)
Age {yr) 6442171 671217 .4
Sex (%)
Femiale 49.6 49.2
Malz 504 50.8
Time from arrival ar emergency department (o
enrollment
Mean {hr) 1517 1.3%15
Median (min) 50.5 39.0
Entry criteria
Temperature (“C) 36.6%2.3 35.9%32
Heart rare {bears/min} 114=27 117=31
Systolic blood pressure (mm Hg) 109+34 106236
Respiratory rate {breaths/min) 30.2=10.6 31.8=10.8
Partial pressure of carbon dioxide {mm Hg) 30.6%15.1 31.5x15.7
Whire-cel! count {per mm?} 14,200x9,600 13,600+8,300
Lactate {mmol/liter) 6.9x4.5 77447
Base-line laboratory valucs
Anion gap (mmol/liter] 214x8.5 21.7+7.6
Creatinine (mg/dl) 2.6%2.0 2.6=2.0
Blood urea nitrogen {mg,/dl} 45.4x33.0 47.1=31.3
Tota! bilirubin (mg,/dl) 1.9£3.0 1317
y-Gluramyloransferase {U/licer) 123£130 117x159
Alsumin (g/dl) 28207 2.8x0.7
Chronic coexisting condidons (%)} :
Alcohol use 38.7 38.5
Congestive heart failure 30.2 367
Coronary artery dissase 235 155
Chronic obstructive pulmonary diseass or 13.¢ 18.0
emphysema
Diaberes 319 30.8
Human immunadeficiency viras infecton L7 4.3
Hyperrension 66.4 68.4
Liver discase 235 23.1
History of cancer 10.1 12.8
Neurclogic disease 319 34.2
“Renal insufficiency 219 il.4
Smoking 311 . 299
Driagnosis {%)7
Medical condidion 93.3 20.6
Prneumonia 9.5 385
Urosepsis 7.7 25.6
Peritonitis 43 - 3.4
Other 19 231
Surgical condition 6.7 94
Intraabdominal procsss 59 7.7
Abscess of the arms or legs 0.8 1.7
Types and fearures of sepsis (%)
Severe sepsis 43.7 45.3
Septic shock 51.3 547
Sepsis syndrome 714 75.2
Culture positive ) 765 76.1
Culture negative 235 239
Blood culture positve 36.1 3.2
Antibionic therapy -
Antibiotics given in the Grst 6 hr (%) 924 86.3
Antibiotics adequaie (%) 94,3 26.7
Duration (days) 11.2£158 11.7x16.2

*Plus=minus values wre means =8D, There were no significant differences berween groups in any
of the variabies. To convert the values for creatinine o mic les per liter, muldply by 88.4; 1o
eonvert the values for blood urea nimogen w millimolss per fiter, multiply by 0.357; and 1o convert
the vaiues for wokal bilicubin to micromoles per licer, mulriply by 171,

1Values sum to mors than 100% because parients could have more than one condidon.

1372 - N Engl ] Med, Vol. 345, No. 19 - November 8, 2001 - www.ncjm.org



EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS AND SEPTIC SHOCK

TapLe 2. VITAL SIGNS, RESUSCITATION END POINTS, ORGAN-DYSFUNCTION SCORES, AND COAGULATION VARIABLES.

VARIABLE AND Base Line
TreavmenT Grour [0 hr) Houns AFTER START OF THERARY
[ 0-6t 7-71%
Hearr rate (beats/min)
Standard therapy 1142327 10525 108223 99+18
EGDT 117£31 10319 105£1¢ 96x18
P value 045 0.12 0.25 0.04
Ceniral venous pressure
(mm Hg)
Standard therapy 6177 11.8x6.8 10568 1l.6=6.1
EGDT 5.3:9.3 i3.8x44 117%51 119=56
P value 0.57 0.007 .22 0.68
Mean arterial pressure
(mm Hg)
Srandard therapy 76214 8118 8lxle an=x15
EGDT 74x27 95=19 8816 8715
P value 0.60 <0.001 <0.001 <0.001
Central venous oxygen
saturation (%)
Sundard therapy 49.2+13.3 6602155 65.4%14.2 65.3x11.4
EGDT 48.6x11.2 77.3x100 TiLe=10.2 704=107
P value 0.49 <0.001 <0.001 <0.001
Lacrare {mmol /liter)
Standard therapy 69x45 4.9=4.7 5.9x4.2 39+4.4
EGDT TIe47 4£3x42 55=42 3.0x44
P value 017 001 D.62 0.02
Base deficic {(mmol/liter)
Standard therapy 8.9=75 BOz6.4 B.6E6.0 5.1%6.7
EGDT 8.9=8.1 4.7z5.8 6.7%5.6 2.026.6
P vaiue 0.81 <0.001 0.006 <0.001
Arrenial pH
Standard therapy 7.32£0.19 7.231z0.15 731=0.12 7.36=0.12
EGDT 7.31+0.17 7.35x0.11 7.33*0.13 7.40%0.12
P value 040 <0.001 Q.26 =<0.001
APACHE 1I score
Standard therapy WALT 4 17.626.2 —_— 15964
EGDT 214x68 16.0=6.9 - 13.0%6.3
P value _bar <0.001 <0.001
SAPS II y
Standard therapy 48.8=111 455=12.2 —-— 42.6=11.5
EGDT 51.2=111 42.1x13.2 _ 36.9x11.3
P vaine 0.08 <0.001 <0.001

VARIABLE AND Bast Line
TAEATMENT Group 10 br) HoURS AFTER START OF THERAPY
6 0=-6f  7-72%
MODS
Standacd therapy 7.3x3.1 68237 -— 6440
EGDT 76x3.1 59x3.7 - 5.1x3.9
P value 0.44 <(0.001 <0.001
Hematocrit (%) ’
Standard therapy 34785  32.0%6.9 —  30.1z4.1
EGDT 34633 — 31l=x42
P value 081 <0601
Prothrombin time
{sec)
Standard therzpy  16.5=6.3 17.5=8.1 — 17.3x6.1
EGDT 158250 16.0z3.6 — 15426
P vaine 0.17 0.02 0.001
Partial-thromboplas-
tn time {sec)
Standard therapy  32.9%12.0 37.6x21.0 — 37.0zl4.2
EGDT 33.3=204 32687 — 346141
P value 0.17 .01 0.06
Fibrinogen {mg,/dl)
Standard therapy 361198 319=%l142 — 358zx134
EGDT 370205 300157 — 342=x134
P value 0.51 0.01 0.21
Fibrin-split products
(pg/dl) -
Smandard therapy  39.0x61.6 54.9=84.0 —  620%714
EGDT 44.8271.3 458x66.0 2 — 3921712
P value 0.76 0.13 <0.001
b-Dimer {pug/ml) .
Standard therapy  3.66=845 S§A48%1195 - 5452906
EGDT 44621070 3982941 - — 3.34x902
P ovalue 0.71 0.05 0.006
Plateler count
(per mm?)
Seandard therapy 205,000+ le4, 000t —  144000%
110,000 24,000 84,000
EGDT 220,000 156,000 —~  139,000x
135,000 90,000 82,000
P valoe 0.65 0.001 0.51

* Plus—minus values are means £5D. EGDT denotes early goal-dirccred therapy, APACHE 11 Acure Physiology and Chronic Health Evaluation, SAPS
11 Simplified Acure Physiology Score 11, and MODS Muitiple Organ Dysfunction Seore,

{For the period from base line (0 hours) to 6 hours, the arca under the curve was caculated, except for noncontinuous varabies (a5 indicared by dashes).
tFor the period from 7 to 72 hours, the adjusced mean value was obrained from 2 mixed mode!,

the initial six-hour study period and rhose who did
not in any of the base-line characteristics or base-line
vital signs, resusciration end points, organ-dysfunc-
ton scores, or coagulation-related variables {data not
shown),

Vital Signs and Resuscitation End Points

During the initial six hours after the start of ther-
apy, there was no significant difference berween the
two study groups in the mean heart rate (P=0.25)
or central venous pressure (P=0.22} (Table 2). Dur-
ing this period, the mean arterial pressure was signif-
icantly lower in the group assigned to standard ther- |
apy than in the group assigned to early goal-directed |
therapy (P<<0.001), bur in both groups the goal of l
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65 mm Hg or higher was mert by all the patients. The
goal of 70 percent or higher for central venous oxygen
saturation was met by 60.2 percent of the patients in
the standard-therapy group, as compared with 94.9
percent of those in the early-therapy group (P<0.001).
The combined hemodynamic goals for central venous
pressure, mean arterial pressure, and urine outputr
(with adjustment for patients with end-stage renal
failare} were achieved in 86.1 percent of the stand-
ard-therapy group, as compared with 99.2 percent of
the carly-therapy group (P<0.001). During this pe-
riod, the patients assigned to standard therapy had a
significantly lower central venous oxygen saruration
(P<0.001) and a greater base deficit {P=0.006) than
those assigned to carly goal-directed therapy; the two
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groups had similar lactate concentrations (P=0.62)
and similar pH values (P=0.26).

During the period from 7 to 72 hours after the
start of treatment, the patients assigned to standard
therapy had a significantly higher heart rate (P=0.04)
and a significantly lower mean arterial pressure (P<
0.001) than the patients assigned to early goal-directed
therapy; the two groups had a similar central venous
pressure (P=0.68}. During this period, those assigned
to standard therapy also had 2 significantly lower cen-
tral venous oxygen saturation than those assigned to
carly goal-directed therapy (P<0.001), as well as a
higher lactate concentration (P=0.02), a greater base
deficit {P<0.001), and a lower pH (P<0.001).

Organ Dysfunction and Ceaguiation Variables

During the period from 7 to72 hours, the
APACHE 11 score, SAPS II, and MODS were signif-
icantly higher in the patients assigned to standard ther-
apy than in the parients assigned to early goal-directed
therapy (P<<0.001 for all comparisons) (Table 2). Dur-
ing this period, the prothrombin time was significant-
ly greater in the patients assigned to standard therapy
than in those assigned to ¢arly goal-directed therapy
(P=0.001), as was the concentration of fibrin-split
products (P<0.001) and the concenrration of b-dimer
(P=0.006). The two groups had a similar partial-
thromboplastin time (P=0.06), fibrinogen concentra-
tion (P=0.21), and piarelet count (P=0.51) (Table 2).

Mortality

In-hospital mortality rates were significantly higher
in the standard-therapy group than in the early-thera-
py group (P=0.009}), as was the mortality at 28 days
(P=0.01) and 60 days (P=0.03) (Table 3). The dif-

ference berween the groups in mortality at 60 days
primarily reflected the difference in in-hospital mor-
tality. Similar results were obtained after dara from
the 27 patients who did not complete the initial six-
hour study period were excluded from the analysis
{data not shown). The rate of in-hospiral death due to
sudden cardiovascular collapse was significantly high-
er in the standard-therapy group than in the early-
therapy group (P=0.02); the rate of death due to mul-
tiorgan fallure was similar in the two groups (P=0.27),

Administered Treatments

During the initial six hours, the patients assigned
to early goal-directed therapy received significantly
more flud than those assigned to standard therapy
(P<0.001) and more frequently received red-cell rrans-
fusion (P<0.001) and inotropic support {P<0.001),
whereas similar proportions of padents in the two
groups required vasopressors (P=0.62) and mechan-
ical ventlation (P=0.90) (Table 4). During the period
from 7 to 72 hours, however, the patients assigned to
standard therapy received significantly more fluid than
those assigned to early goal-directed therapy (P=0.01)
and more often received red-cell wansfusion (P<
0.001) and vasopressors {P=0.03) and underwent
mechanical venrilation (P<<0.001) and pulmonary-
artery catheterization (P=0.04); the rate of use of in-
otropic agents was similar in the two groups (P=0.14)
(Table 4). During the overall period from base line
to 72 hours after the start of trearment, there was no
significant difference berween the two groups in the
total volume of fluid administered (P=0.73) or the
rate of use of inotropic agents {P=0.15), although a
greater proportion of the patients assigned to stand-
ard therapy than of those assigned to early goal-direct-

TaBLE 3. KAPLAN-MEIER ESTIMATES OF MORTALITY AND CausES OF IN-HOSPITAL DEATH.

EanLy
GOAL-DIRECTED
ETANDARD THERAPY THERAPY ReLamive Risk
VARIABLE [N=133) (N=130) 195% Ci) P VaLue
no. (%]

In-hospital mortiityt

All patients 59 (46.5) 38 (30.5) 0.58 (0.38-047) 0.009

Tatients with severe scpsis 19 (30.0) 9 (14.9) 0.46 {0.21~1.03) .06

Patients with sepric shock 40 {56.8) 29 (42.3} 0.60 (0.36-0.98) .04

Tatients with sepsis syndrome 44 (45.4) 35 (35.1) 0.66 (0.42~1.04) 0.07
28-Dray morralityt 61 (49.2) 40 (33.3} 0.58 (0.39-0.57) 0.01
60-Day moriityt 70 (56.9) 50 {44.3) 067 (0.46-0.96) 0.03
Causes of in-hospital deathi

Sudden cardiovascular coliapse /119 (2L.0) 12/117 (10.3) —-— 0.02

Multiorgan failure 26/119 (21.8) 19/117 {16.2) —_ 0.27

*C] denores confidence intecval. Dashes indicare that the relative risk is not applicable.
+Pereentages were calculated by the Kaplan-Meier product-limic method,
+The denominavors indicate the numbers of patients in cach group who complered the inidal six-hour study period.
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TABLE 4, TREATMENTS ADMINISTERED.

TREATMENT HOURS AFTER THE START OF THERAPY
0-6 7-72 072

Toral fiuids {mi)

Standard therapy 3409+2438 10,60226,216 13,35827,729

EGDT 498122084 §,625x5,162 13,443x6,390

P value <0.001 001 0.73
Red-cell mransfusion (%)

Srandard therapy 18.5 32.8 44.5

EGDT 64,1 111 68.4

P value <0.001 <0001 <0.001
Any vasopressor (%)

Srandard therapy 30.3 429 813

EGDT 274 29.1 868

P value 0.62 0.03 0.02
Inotropic agent (dobuta-

mine} {%)

Standard therapy 0.8 8.4 9.2

EGDT ’ 13.7 14.5 15.4

P value . <0.6C1 0.14 0.15
Mechanical ventilation (%)

Standard therapy 53.8 6.8 70.8

EGDT 53.0 26 55.6

P value 450 <{.001 0.02
Puimonary-artery cathe-

terization (%)3

Stanclard therapy 8.4 28.6 319

EGDT .0 180 - 80

P value 0.12 0.04 0.01

*Plus—minus values are means £5D. Because some patients received &
specific wearment both-during the -petiod from 0 to 6 hours and during
the period from 7 to 72 howrs, the cunalative totals for those two periods
do nat necessarily. equal the values for the period from 0 10 72 honrs.
EGDT denotes carly goal-directed therapy,

tAdministered vasopressors included norepinephrine, epinephrine, do-
pamine, and phenylephiine hydrochloride. )

$AIl puimonary-artery catheters were inserred while parients were in the
intensive care unit, -

ed therapy received vasopressors (P=0.02) and me-
chanical ventilarion (P=0.02) and underwent pulmo-
nary-artery catheterization (P=0.01), and a smaller
proportion required red-cell rransfusion (P<0.001).
Though similar berween the groups at base fine (P=
0.91}, the mean hematocrit during this 72-hour pe-
riod was significanty lower in the standard-therapy
group than in the early-therapy group (P<<0.001).
Despite the transfusion of red cells, it was significantly
tower than the value obtained at base line in each
group (P<0.001 for both comparisons} {Teble 2).

Consumption of Health Care Resources

There were no significant differences berween the
two groups in the mean duration of vasopressor ther-
apy (2.424.2 vs. 1.9%3.1 days, P=0.49), the mean
duration of mechanical ventilation (9.0%13.1 vs. 9.0%
11.4 days, P==0.38), or the mean length of stay in the
hospital (13.0%13.7 vs. 13.2%13.8 days, P=0.54).
However, of the patients who survived to hospital dis-
charge, those assigned o standard therapy had stayed
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a significantly longer time in the hospital than those
assigned to early goal-direcred therapy (1842150 vs,
14.614.5 days, P=0.04).

DISCUSSION

Severe sepsis and septic shock are common and are
associated with substantial mortalicy and substantial
consumption of health care resources. There are an
estimated 751,000 cases {3.0 cases per 1000 popu-
lation) of sepsis or septic shock in the Unired States
each vear, and they are responsible for as many deaths
each year as acute myocardial infarction (215,000, or
9.3 percent of all deaths).?® In elderly persons, the
incidence of sepsis or septic shock and the related
mortality rares are substantially higher than those in
younger persons. The projected growth of the eld-
erly population in the United States will contribute
to an increase in incidence of 1.5 percent per year,
yielding an estimated 934,000 and 1,110,000 cases
by the years 2010 and 2020, respectively.?® The
present-annual cost of this disease is estimated to be
$16.7 billion.?®

The transition from the systemic inflammatory re-
sponse syndrome to severe sepsis and septic shock
involves 2 myriad of pathogenic changes, including
circulatory abnormalities that result in global tissue
hypoxia.b? These pathogenic-changes have been the
therapeutic rarget of previous cutcome studies.1? Al-
though this transition eccurs ever time, both our of
the hospital and in the hospital, in outcome studies
interventions have usually been initiated afier admis-
sion to the intensive care uniti? In studies of goal-
directed hemodynamic optimization, in particular,
there was.no benefit in-terms of outcome with respect
to normal and supranormal hemedynamic end points,
as well as those guided by mixed venous oxygen sat-
uration.®*3 In contrast, even though we enrolled pa-
tients with lower central venous oxygen saturation and
lower central venous pressure than those studied by
Garrineni et al.® and with a higher lactate concentra-
tion than those studied by Hayes et al..}¥ we found
significant benefits with respect to outcome when
goal-directed therapy was applied at an earlier stage
of disease. In patients with septic shock, for example,
Hayes et al. observed a higher in-hospital mortality
rate with aggressive hemodynarmic optimization in the
intensive care unit (7] percent) than with control ther-
apy (52 percent), whereas we observed a lower mor-
tality rate in patients with septic shock assigned to ear-
ly goal-directed therapy {42.3 percent) than in those
assigned to standard therapy (56.8 percent).

The benefits of early goal-directed therapy in terms
of ourcome are multifactorial. The incidence of death
due to sudden cardiovascuiar collapse in the standard-
therapy group was approximately double that in the
group assigned to early goal-directed therapy, suggest-
ing that an abrupt transition to severe disease is an im-
portant cause of early death. The early identification
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of patients with insidious iliness (global rissue hypoxia
accompanied by stable viral signs) makes possible the
early implementation of goal-directed therapy. If sud-
den cardiovascular collapse can be prevented, the sub-
sequent need for vasopressors, mechanical ventilation,
and pulmonary-artery catheterization (and their asso-
ciated risks) diminishes. In addition to being a stimu-
lus of the systemic inflammarory response syndrome,
global tissue hypoxia independently contributes to
endothelial activation and disruption of the homeo-
staric balance among coagulation, vascular permeabil-
ity, and vascular tone.3® These are key mechanisms
leading to microcirculatory failure, refractory rissue
hypoxia, and organ dysfunction.2*® When early ther-
apy is not comprehensive, the progression to severe
disease may be well under way at the time of admis-
sion to the intensive care unit.'¢ Aggressive hemody-
namic optimization and other therapy!? underraken
thereafter may be incompletely effective or even del-
eterious.!?

The value of measurements of venous oxygen sat-
uration at the right atrium or superior vena cava (cen-
tral venous oxygen saturation) instead of at the pul-
monary artery (mixed venous oxygen saturation) has
been debated,?! in particular, when saturation values
are above 65 percent. In padents in the intensive care
unit who have hyperdynamic septic shock, the mixed
Venous oxygen saturation is rarely below 65 percent.®?
In contrast, our parients were examined during the
phase of resuscitation in which the delivery of sup-
plemental oxygen is required (characterized by a de-
creased mixed venops oxygen saturation and an in-
creased lactate concentration), when the cenmral venous
oxygen saruration generally exceeds the mixed venous
oxygen saturation.?3¢ The initial central venous oxy-
gen saturation was less than 50 percent in both study
groups. The mixed venous oxygen saturation is esti-
mared to be 5 to 13 percent lower in the pulmonary
artery® and 15 percent lower in the splanchnic bed.3

“Though not numerically equivalent, these ranges of
values are pathologically equivalent and are associat-
ed with high mortality.322¢ Among all the patients in
the current study in whom the goals with respect to
central venous pressure, mean arterial pressure, and
urine ourput during the first six hours were met, 39.8
percent of those assigned to standard therapy were
still in this oxygen-dependent phase of resusciration
at six hours, as compared with 5.1 percenr of those as-
signed to early goal-direcred therapy. The combined
56.5 percent in-hospital mortality of this 39.8 per-
cent of patients, who were at high risk for hemody-
namic compromise, is consistent with the results of
previous studies in the intensive care unit.336

In an open, randomized, partially blinded trial,
there are unavoidable interactions during the initial pe-
riod of the study. As the study progressed, the patients
in the standard-therapy group may have reccived some
form of goal-directed therapy, reducing the trearment
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effect. This reducton may have been offset by the
slight but inherent bias resulting from the direct in-
fluence of the investigators on the care of the patients
in the trearment group. The potential period of bias
was 9.9219.5 percent of the overall hospital stay in
the standard-therapy group and 7.2=12.0 percent of
that in the group assigned to early goal-directed ther-
apy (P=0.20), This interval was minimal in compar-
ison with those in previous studies®t? because the cli-
nicians who assumed responsibility for the remainder

. of hospitalizarion were completely biinded to the ran-

domization order.

We conclude that goal-directed therapy provided
at the earlicst stages of severe sepsis and septic shock,
though accounting for only a brief period in com-
parison with the overall hospital stay, has significant
short-term and long-term benefits. These benefits
arise from the early identification of patents at high
risk for cardiovascular collapse and from early thera-
peutic intervention to restore a balance between oxy-
gen delivery and oxygen demand. In the furure, inves-
figarors conducting outcome trials in patients with
sepsis should consider the quality and timing of the
resuscitation before enrollment as an important out-
come variable.
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APPENDIX

The following persons participated in the study: External Safery, Effi-
cacy, and Data Monitoring Committes: A, Connors (Charotwesville, Va.),
§. Conrad {Shreveport, La.j, L. Dunbar (New Orleans), S, Fagan (Atanca),
M. Haupt (Portland, Oreg.), R. Ivarury {Richmond, Va.), G. Martin (De-
troit}, D. Milzman (Washington, D.C.}, E. Panacek (Palo Alto, Calif), M.
Rady (Scottsdaic, Arz.), M. Rudis {Los Angeles), and 5. Stern (Ann Arbor,
Mich.); the Early-Goal-Dirccted-Therapy Collaborative Group: B. Dere-
chyk, W. Rittinger, G. Hayes, K. Ward, M. Muilen, V. Karriem, ]. Urruna-
ga, M. Gryzbowski, A. Turde, W. Chung, P Uppal, R. Nowak, D. Powell,
T Tyson, T. Wadley, G. Gallerra, K. Rader, A. Goldberg, D. Amponsah,
0. Morris, K. Kuemasi-Rivers, B. Thompson, D. Ander, C. Lewandowski,
]. Kahler, K. Kralovich, 2. Horst, 5. Harpatoolian, A. Ladmer, M. Schuberr,
M. Fallonc, B. Fasbinder, L. Defoe, ]. Hanlon, A. Okuansanya, B. Sheridan,
Q. Rivers, H. Johnson, B. Sessa-Boji, K. Guanerson, D. Fritz, X. Rivers,
5 Moore, D. Huang, and J. Farrerer (Henry Ford Hospital, Detroit).
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2. Central Venous Catbeters

Michael Seneff

Cenual venous catheterization remains an integral skill for the
practice of critical care medicine, Continued technological ad-
vancements in catheter design and increased insight from ani-
mal and human research into the causes of catheter-related
complications have made central venous catheterization easier
.and safer for physicians and patients. This chapter reviews the
art and science of central venous catheterization, with special
attention to the techniques and complications of the various
routes of cannulation.

Historical Perspective

Although isolated experiments with central venous cannulation
were performed in the early twentieth century [1), Aubaniac is
credited with the first description of infraclavicular subclavian
venipuncture in humans in 1952 [2], A major advance in intra-
venous catheter technique came the following vear, when Sel-
dinger described the replacement of 2 catheter needle using 2
guidewire, z technique that now bears his name [3]. During the

mid-1950s percutaneous cztheterization of the inferior vena
cava via 2 femoral vein approach became popular until reports
of a high incidence of complications were published [4,5].

Axn important development occurred in 1959, when Hughes

and Magovern described the clinical use of central venous pres-
sure (CVP) measurements in humans undergoing thoracotomy

6]

. In 1962, Wilson and associates extended the practicality of

CVP monitoring by using percutaneous infraclavicular subcia-
vian vein (SV) catheterization {7}. This technique achieved wide
clinical acceptance, but enthusiasm was tempered when var-
ious, sometimes fatal, complications were reported. Subse-
quently, Yoffa reported his experience with supraclavicular
subclavian venipunciure, claiming a lower incidence of com-
plications, but his results were not uniformily reproduced 8],

Motivated by the search for a “golden route” [9], Nordiund

and Thoren [10] and then Rams and associaes {11] performed
external jugular vein (EJV) catheterization zand advocated 2
more extensive use of this approach. Although EJV catheteriza-
tion met the goal of causing fewer complications during veni-
puncture, positioning of the catheter tip in 2 ceniral venous
location was sometimes impossible.



The first large series on internal jugular vein (ITV) catheter-
ization appeared in 1969, when English et al. [12,13] reported
their series of 500 percutaneous IJV catheterizations, Reports
confirming this route's efficiency and low complication rate
followed, and it has remained a popular site for central venous
access.

The best route 1o establish central venous access remains
controversial, and the search for the golden route continues.
New techniques and concepts of central venous catheterization
(CVC) are regularly introduced, but the four traditional routes
are adequate to manage virtually all critically ill patients. Phy-
sicians must be aware of each route’s advantages and disad-
vantages 1o be able to choose an appropriate site for the clinical
situation.

Indications and Site Selection

Technical advances and a_betier understanding of anatomy
have made insertion of central venous catheters easier and
safer, but there stll is an underappreciation of the nherent
Tisks. Like any medical procédure, CVC has specific indications
and should be reserved for the patient who has the potential
truly to benefit from it (Table 2-1). Afier determining that CVC
is necessary, inexperienced physicians often proceed with sub-
clavian vein catheterization withourt a thoughtful consideration
of the risk-benefit ratio for that route in that particular patient,
The consequences of this cavalier approach can be disastrous
{14). It is the responsibility of all critical care physicians to con-
duct a scientific consideration of the risks and benefits of CVC
for every patient who requires it. This will minimize the number
of preventable complications and clinically justify those that do
occur as 2 necessary risk of caring for the critically ill.

Volume resuscitation alone is not an indieation for CVC. A
2.5-inch, 16-gauge catheter used to cannulate a peripheral vein
can infuse two times the amount of fluid as an 8-inch, 16-gauge
central venous catheter [15]. However, peripheral vein cannu-
lation can be impaossible in the hypovolemic, shocked individ-
ual. In this instance, the SV is the most reliable central site
because it remains patent due to its fibrous attachments to the
clavicle {16]. Depending on the clinical situation, the femoral
vein (FV) is a reasonable alternative.

Central venous access is often required for the infusion of
irritant medications (concentrated potassium chloride) or va-
soactive agents, certain diagnostic or therapeutic radiologic pro-
cedures, and, obviously, in any patent in whom peripheral
access is not possible. For these indications, the TV is an ideal
route because of its reliability and low rate of major complica-
tions with insertion. For experienced operators, the SV is an
excellent alternative, as the risk of pneumothorax is low, The
FV has many advantages as a primary alternative site but re-
mains underutilized because of concern about the risk of com-
plications from long-term (>>72 hr) cannuiation,

Long-term total parenteral nutrition with hyperosmolar so-
lutions is best administered through SV catheters, which should
be surgically implanted if appropriate. Acute hemodialysis is
best accomplished with a subclavian catheter, Flow is more
prediciable, the catheter less prone to kinking, overall mainte-
nance easier, and complications are rare [17,18]. There are in-
creasing reports, however, of SV thrombosis and stenosis fol-
lowing temporary hemodialysis, causing some centers to switch
to the [JV for temporary dialysis access in ambulatory patients
[19,20]. The FV is also suitable for acute short-term hemodialysis
or plasmapheresis in nonambulatory patients [21].

Table 2-1. indication for CVC

Site Selection
1st 2nd 3rd
Pulmonary artery catheterization RV L Lsv
With coagulopathy RETV LEJV RIJV
With pulmonary compromise or ~ RIJV v Efv
high-level PEEP
Total parenteral nutrition 5V v
Long-term SV (surgically implanted)
Acurehemodialysis/plasmapheresis SV FV
IV (ambulatory)
Cardiopulmonary arrest Fv sv v
Emergency ransvenous pace- RIfV SYorl]lV FV
maker
Hypovalemia, inability to perform SVeorFVv IV
peripheral catheterization
Preoperative preparation v BV 5V
Neurosurgical procedure AV Fv sV
General-purpose venous access, v SVorFV EJv
vasoactive agents, caustic medi-
cations, radiological procedures .
With coagulopathy FVerEv IV AV
Emergency airway management FV sV ov
Inability to lie supine’ Fv ETV AV

§V, subclavian vein; IV, internal jugular vein; EJV, external jugular vein; FV,
fernoral vein; R, right; L, left,

Emergency transvenous pacemakers are best inserted
through the right ITV because of the direct path to the right
ventricle. This route is associated with the fewest catheter tip
malpositions. For the same reason, the right [JV is the primary
route for insertion of flow-directed pulmonary artery catheters,
In patients with coagulopathy, the EJV, if part of the surface
anatomy, is a good alternative, When the SV is used for pul-
monary artery catheterization, the left SV is the appropriate
choice, for two reasons. First, in many parents, the tip of a
standard introducer inserted into the right SV extends into the
superior vena cava (SVC), requiring the pulmonary artery cath-
eter to make a sharp bend when it exits the introducer, Mal-
positioning or kinking of the catheter may result [22]. This does
not occur with left SV insertion because of the greater distance
from the venipuncture site to the SVC. Second, catheters in-
serted from the left SV follow a natural curve, traversing the
right ventricle into the right pulmonary artery. The reader is
referred to Chapter 4 for additional information on the insertion
and care of pulmonary artery catheters.

Preoperative CVC is desirable in a wide variety of clinical
situations. If fluid status requires close monitoring, a pulmonary
artery catheter should be inserted, since CVP is an unreliable
predictor of left heart filling pressures (23-26). In most preop-
erative patients, the IJV or EJV is the best route, since pneu-
mothorax is very rare with these approaches and even a small
preumothorax is at risk of expanding under general anesthesia
[27]. One specific indication for preoperative right ventricular
catheterization is the patient undergoing a posterior craniotomy
or cervical laminectomy in the sitting position, These patients
are at risk for air embolism, and the catheter can be used to
aspirate air from the right ventricle [28]. Neurosurgery is the
only common indication for an antecubital approach, as IV
catheters can obstruct blood return from the cranial vault and
increase intracranial pressure,

Venous access during cardiopulmonary resuscitation de-
serves special comment. Peripheral vein cannulation in circu-
latory arrest may prove impossible, and circulation times of
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drugs administered peripherally are prolonged when compared
to central injection. Drugs injected through femaral catheters
also have a prolonged circulation time unless the catheter tip
is advanced beyond the diaphragm, although the clinical sig-
nificance of this is controversial. Effective drug administration
is an extremely important element of successful cardiopuimo-
nary resuscitation, and all physicians should understand the
appropriate techniques for establishing venous access. 1t is log-
ical to establish venous access as quickly as possible, either
peripherally or centrally if qualified personnel are present. Pro-
longed atternpts at arm vein cannulation are not warranted, and
under these circumstances the FV is 2 good alternative. If cir-
culation is not restored after administration of appropriate drugs
and defibrillation, then central access should be obtained by
the most experienced operator available with 2 minimum in-
terruption of cardiopulmonary resuscitation (CPR) [29,30,31,
Generally, SV cannulation can be achieved most rapidly during
CPR, but IJV catheterization requires less interruption of exter-
nal chest compressions and may be preferable if airway man-
agement is secured {30).

General Considerations and
Complications

General considerations for CVC independent of the site of in-
sertion are catheter tip location, vascular erosions, catheter-
associated thrombosis, air and catheter embolism, and coagu-
lopathy, which are discussed below. Catheter-associated infec-
tion is a complicated topic that is discussed separately.

CATHETER TIP LOCATION. Catheter tip location is a very
important but often ignored consideration in CVC. The ideal
location for the catheter tip is the distal innominate or proximal
SVC, 310 5 cm proximal to the caval-atrial junction. Positioning
of the catherer tip within the Hight afum or Hght ventricle must
be avoided. Cardiac tamponade secondary to catheter tip per-
foration of the cardiac wall Is Ot Tare, and two-thirds of patients
suffering this complication.die [32-35). Perforation resuits from
catherer tp migration that occurs from the motion of the beating
heart as well as patient arm and neck movements. Migration of
catheter tips can be impressive: 5 to 10 an with antecubital
catheters and 1 to 5 em with ITV or 8V catheters [36-39]. Other
complications from inrracardiac catheter tip position include
provocation of arrhythmias from mechanical irritation or infu-
sion of caustic medicarions or unwarmed blood 40].

Correct placement of the catheter tip is relatively simple,
beginning with an appreciation of anatomy. The caval-atrial

eter insertion to ascertain catheter tip location and to detect
complications. Although a cost-benefit analysis of this ap-
proach, especially with non-5V insertions, may not be favora-
ble, the importance of correct placement of the catheter tip
cannot be overstated.

VASCULAR EROSIONS. Large-vessel perforations secondary
to central venous catheters are uncommon and often naot im-
mediately recognized, Vessel erosion typically occurs 1 to 7
days after catheter insertion, Patients usually present with sud-
den onset of dyspnea and often with new pleural effusions on
chest_radiograph [44]. Catheter stiffness, position of the tip
within the vessel, and the site of insertion are probably impor-
tant factors in causing vessel perforation. The relative impor-
ance of these variables is unknown. Repeated irritation of the
vessel wall bv a stiff catheter tip or infusion of hyperosmolar
solutions may be the injtiating event. Vascular erosions are
more_common with left IV and E[V_catheters, because for

‘Znatomic reasons the catheter tip is mare likely to be positioned
laterally under tension against the SVC wall [42 44 47]. Posi-
tioning of the catheter tip within the vein paraliel to the vessel
wall must be confirmed on chest radiggraph. Free aspiration of

blood from the catheter is not always sufficient to rule out 2
vascular perforation {44].

AIR AND CATHETER EMBOLISM. Significant air and cath-
eter embolism age rare and preventable complications of CVC.
Catheter embolism can occur at the time of insertion when a
catheter-through- or over-needle technique is used and the op-
erator withdraws the catherer without simultaneously retracting
the needle. It gor\e commonly occurs with antecubital or fem-
oral catheters after insertion, because they cross joint lines and
are prone to breakage when the agitated patient vigorously
bends an arm or leg. Prevention, recognition, and management
of catheter embolism are covered in detail elsewhere {48].

Alr embolism is of greater clinical importance, often goes
undiagnosed, and may prove fatal [49,50,51). Theoretically, it is
totally preventable with compulsive attention to proper catheter
insertion and maintenance, Factors resulting in air embolism
durning insertion are well known, and methods to increase ve-
nous pressure, such as use of the Trendelenburg position,
should not be forgotten. Catheter disconnect, typically occur-
ring after insertion, is 2 more common cause. Air embolism
should be suspected in any patient with an intrathoracic cath-
eter tip who develops sudden unexplained hypoxemia or car-
diovascular collapse, often after being moved between streich-
ers. A characteristic mill wheesl sound mav be auscultated over
the precordium. Treatment involves placing the patient in the
left lateral decubitus pasition and using the catheter 1o aspirate

junction_is approximately 13 to 16 cm from right-sided SV or
[V skin punctures and 15 to 20 cm from Teft-sided insertions.
Insertion of a standard triple-furnen catheter to its full 20 cm
almost always places the tip within the heart, especially with
right-sided insertions. Catheters should therefore be secured at
the 13- to 18-cm mark prior to obtaining a chest radiograph
f41,42).

An accurate way 1o _ensure proper catheter tip locarion is
intravascuiar electrocardiography. Using an adapter, the cath-
eter is inserted while monitoring lead II on a standard ECG.
Advancement of the catheter tip into the right atrium is heralded
by large P waves on the lead II tracing. Subsequent withdrawal
of the catheter tip 3 to 5 cm usually ensures correct positioning
[43]. Regardless of the technigque used, a chest radiograph
should be obtained following every initial central venous cath-

air from the right ventricle. Hyperbaric oxygen therapy to re-
duce bubbie size has a controversial role in treatment [51]. The
best treatment is prevention, including use of Luer-Lok equip-
ment at all catheter connections [52],

COAGULOPATHY, Central venous access in the patient with
2 bleeding diathesis is problematic. The SV and I[JV routes have
increased risks in the presence of coagulopathy, but it is not
known at what degree of abnormality the risk becomes unac-
ceptable. A coagulopathy is generaily defined as a prothrombin
time greater than 15 seconds, plateler count less than 50,000,
or bleeding time greater than 10 minutes. Although it is clear
that safe venipuncture is possible with greater degrees of coag-
ulopathy, the literature is fraught with case reports of serious
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hemorrhagic complications [53-561. In patients with coagulo-
pathy, the EJV is an excellent aiternative for central venous
access, especially pulmonary artery catheterization [57), while
the FV offers 2 safe aliernative for general-purpose venous
access. If these sites cannot be used, the IJV is the best alter-
native, since it is a compressible site and there is positive ex-
perience with this route in patients with coagulopathy [58]. The
SV is not a directly compressible site and is contraindicated
except under unusual circumsiances.

Although the antecubital veins can be safaly cannulated in
the presence of coagulopathy, this route is ofien not as practical
as the alternatives, Triple-luman catheters do not reach a central
location when placed through antecubital veins, and the ad-
vantages of multilumen catheters in the patient at high risk for
venipuncture are apparent; long single-lumen catheters are sim-
ply not as versatile. Conseguently, antecubital vein CVC is 2
good option only in the patient with severe coagulopathy (i.e.,
disseminated intravascular coagulation with multiple sites of
clinical bleeding).

THROMBOSIS, Catheter-related thrombosis is very common
but usually of litde clinical significance. The spectrum of throm-
baotic complications ranges from z sleeve of fibrin that sur-
rounds the catheter from its point of entry into the vein distal
to the tip, to mural thrombus, a clot that forms on the wall of
the vein secondary to mechanical or chemical irritation, or oc-
clusive thrombus, which occludes flow and may result in col-
lateral formation [59]. All of these lesions are usually clinically
silent, therefore studies that do not use venography to confirm
the diagnosis are irrelevant. Using venography, fibrin sleeve
formation can be documented in 2 majority of catheters, mural
thrombi in 10 to 30 percent, and occlusive thrombi in 0 to 10
percent [55-65]. In contrast, clinical symptoms of thrombosis
occur in only 0 to 3 percent of patients {59,63,66]. The incidence
of thrombosis. probably increases with duration of catheteriza-
tion [62] but does not appear related to the site of insertion [59—
65). Recent studies have not confirmed the long-held impres-
sion that thrombosis is more common and/or more clinically
relevant following FV catheterization than at other sites [67,68].

Catheter design and composition impact on the frequency of
thrombotic complications. The ideal catheter material is non-
thrombogenic and relatively stiff at room temperature to facili-
tate percutaneous insertion, yet soft and pliable at body tem-
perature 1o minimize intravascular mechanical trauma, The
catheter materials currently in use include polyethylene, poly-
vinylchloride, polyurethane, Teflon, and silicone elastomer (Si-
lastic). All catheter materials are thrombogenic, but catheters
with smooth surfaces are less prone to platelet aggrepation [69].
Although not all studies are consistent, polyurethane, especially
when coated with hydromer, appears 1© be the best material
available for bedside catheter insertions. Silastic catheters have
low thrombogenicity but must be surgically implanted, and
pressure monitoring is usually not possible [38,70~73]. Heparin
bonding of catheters decreases thrombogenecity, but the clin-
ical importance of this remains uncertain [52,74,75,76]. Very-
low-dose warfarin therapy also decreases the incidence of ven-
ogram-proved and clinically apparent thrombosis (77]. This ap-
proach holds promise, but since clinical sequelae from catheter-
associated thrombosis are rare and warfarin has several relevant
drug interactions in the critically ill patient, further study is
needed.

Many physicians underappreciate the potential for catheter-
associated thrombosis and are unaware of current catheter tech-
nology and research, but it is not a trivial issue, Physicians
should be aware of the type of catheter in use in their hospital
and be ablie to justify its use on a benefit-risk-cost basis.

Routes of Central Venous
Cannulation

ANTECUBITAL APPROACH

Anatomic Considerations. Since the introduction of multilu-
men catheters and greater experience with the EJV and FV
approaches, the antecubital veins are not commonly used for
CVC. Advantages 1o this approach are 2 Jow incidence of major
complications with insertion and the ability to use it in the
presence of clotting abnormalities. Disadvantages include the
fact that it is more time-consuming, the relative success rate is
lower, the 2natomy is less predictable, and catheters must be
removed within 72 hours because of a high incidence of phle-
bitis and infection, These considerations have generally limited
use of the antecubital veins to preoperative preparation of the
neurosurgical patient at risk for intracperative air embolism and
as an alternarive site in patients with severe coagulopathy.

The antecubital venous channels used for CVC are the basilic,
cephalic, and brachial veins (Fig, 2-1). The basilic and cephalic
veins are usually part of the surface anatomy and are cannulated
percutanecusly. A cutdown approach to the antecubital veins
is not recommended because of a prohibitively high incidence
of complications, especially infection, Although the brachial
vein is occasionally cannulated percutaneously, it is rarely used
for CVC,

Anatomy. The basilic vein is formed in the ulnar part of the
dorsal venous network of the hand (Fig. 2-1). It may be found
in the medial part of the antecubital fossa, where it is usually
joined by the median basilic vein. It then ascends in the groove
between the biceps brachii and pronator teres on the medial
aspect of the arm to perforate the deep fascia distal to the
midportion of the arm, where it joins the brachial vein 1o be-
come the axillary vein, The basilic vein is almost always of
substantial size and the anatomy is predictable; since the axil-
lary vein is a direct continuation of it, the basilic vein provides
an unimpeded path to the central venous circulation [78-81].
The cephalic vein begins in the radial part of the dorsal
venous network of the hand and ascends around the radial
border of the forearm (Fig. 2-1). In the lateral aspect of the
antecubital fossa, it forms an anastomosis with the median bas-
ilic vein and then ascends the lateral part of the amm in the
groove along the lateral border of the biceps brachii, It pierces
the clavipectoral fascia in the deltopectoral triangle and empties
into the proximal part of the axillary vein caudal to the clavicie.
The variability of the cephalic vein anatomy renders it less
suitable than the basilic vein for CVC, It joins the axillary vein
at nearly a right angle, which can be difficult for a catheter o
traverse. Instead of passing beneath the clavicle, the cephalic
vein may pass through the clavicle, compressing the vein and
making catheter passage impossible. Furthermore, in a signifi-
cant percentage of cases, the cephalic does not empty into the
axillary vein but divides into smaller branches or a venous
plexus, which empties into the ipsilateral external jugular vein.
The cephalic vein may also simply terminate or become aten-
uared just proximal to the antecubital fossa [78-811, i

Technique of Cannulation. Several kits are available for an-
tecubital CVC; the technique using a 24-inch, 16-gange catheter-
through-needle device is described here, but other devices have
comparable efficacy [82),

The right basilic vein should be selected for the initial atternpt
at CVC because of anatomical considerations and clinical stud-
ies that confirm a higher success rate with the basilic than the
cephalic vein [83,84,85], The success rates from either arm are
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Fig. 2-1. venous anatomy of the upper extremity. The internal
" jugular, external jugular, and subclavian veins are also shown.

comparable, although the catheter must traverse a greater dis-
tance when inserted via the left arm, which may result in 2
slightly higher rate of malposition [86].

With the patient’s arm at his or her side, the antecubital fossa
is prepared and draped, adhering to strict aseptic technique. A
tourniquer is placed proximally to distend the vein, which is
then entered at a 45-degree angle with the needie bevel point-
ing up and cephalad. When free backflow of blood is con-
firmed, the toumiquet is released and the catheter carefully
threaded into the vein. The catheter should advance easily with-
out undue resistance until the operator estimates the tip to be
in the distal innominarte or SVC. The length of insertion is esti-
mated by measuring the distance from the venipuncture site tq
the manubriosternal junction; a2 more accurate method is intra-
vascular electrocardiograhy (as discussed above) (871,

If resistance 10 advancing the catheter is met, options are
limired. Techniques such as abducting the arm are of limited
value. With a catheter-through- or over-needle device, the cath-
eter must never be withdrawn without simuitaneously retract-
ing the needle to avoid catheter embolism. If the catheter can-
not he advanced easily, another site should be chosen,

Once the catheter has advanced the estimated distance, the
stiff inner wire is removed and the catheter connected 1o an
intravenous solution. Air embolism can occur with antecubital
catheters; prophylactic measures are necessary. After the IV is
infusing freely, the wbing should be placed in 2 dependent
position to check for backflow of blood. The catheter is then
sutured securely, the arm placed on an arm board to prevent
bending at the elbow, and the insertion site bandaged in stand-
ard fashion. A chest radiograph is indicated to ascertain catheter
tip position. :

Success Rate and Complications. Using the above tech-
nique, a central venous catheter is placed successfully on the
first attempt in approximately 70 percent of cases with the
basilic vein and 40 to 50 percent with the cephalic vein [80-
85,88,89,901. In 5 percent or less, the failure is a result of an
inability to perform venipuncture, but the major cause of failure
is an inability 1o advance the catheter tip into the proper posi-
tion, Several measures—abducting the arm to 90 degrees, rum-
ing the head to the ipsilateral side, and infusing intravenous
solutions during cannulation—are advocated to improve the
success rate; the efficacy of these measures is unproved.

Important complications resulting from antecubital CVC in-
clude sterile phlebitis, thrombosis (especially of the SV and IJV),
infection, limb edema, and pericardial tamponade. Phlebitis is
more common with antecubital central venous catheters, prob-
ably due to less blood flow in these veins as-well as the prox-
imity of the venipuncture site to the skin [91]. The risk of per-
cardial tamponade may also be increased because of greater
catheter tip migration occurring with arm movements [38,92],
Complications are minimized by strict adherence to recom-
mended techniques for catheter placement and care.

INTERNAI-EXTERNAL JUGULAR APPROACH. The [V
provides one of the most favorable sites for access to the great
thoracic veins. Internal jugular vein cannulation offers a high
success rate with few complications. Pediatricians used the [V
for venous access [93] long before Hermosura and colleagues
described the technique and advocated its use in adults in 1966
[94]. In 1969, English et al. reported the first large series of [JV
cannulations [12]; subsequently the procedure became com-
monplace, and in many centers the preferred method of CVC.
In 1974, Blitt et al. described a technique of CVC via the EJV
employing a | wire [95]. Although the success rate of this route
is lower than with the IJV, a “central” venipuncture is avoided,
and in selected cases catheterization via the EJV is an excellent
alternative.

Amnatomy. The [JV emerges from the base of the skull through
the jugular foramen and enters the carotid sheath dorsally with
the internal carotid artery (ICA) (Fig. 2-1). It then courses pos-
terolaterally to the artery and runs beneath the sternocieido-
mastoid (SCM) muscle, The vein lies medial 10 the anterior
portion of the SCM muscle in its upper part, then runs beneath
the triangle formed by the two heads of the muscle in its medial
portion before entering the SV near the medial border of the
anterior scalene muscle beneath the sternal border of the cla-
vicle. The junction of the right JV (which averages 2-3 cm in
diameter) with the right 5V and then the innominate vein forms
a straight path to the SVC. As a result, malpositions and looping



of a catheter inserted through the right IJV are unusual. In
contrast, a catheter passed through the left IJV must negotiate
a sharp wrn at the left juguiosubclavian junction, which results
in 2 greater percentage of catheter malpasitions [96,97]. This
sharp tumn may also produce tension and torque at the catheter
tip, resulting in a higher incidence of vessel erosion [44-47 981,

Knowledge of the structures neighboring the IJV is essential,
because they may be invaded by a misdirected needle. The ICA
runs medial to the IJV but, rarely, may lie directly posteriorly.
Behind the ICA, just outside the sheath, lie the stellate ganglion
and the cervical sympathetic trunk. The dome of the pleura,
which is higher on the left, lies caudal to the junction of the [JV
and SV. Posteriorly, at the root of the neck, course the phrenic
and vagus nerves [78-81}, The thoracic duct lies behind the left
IJV and enters the superior margin of the SV near the jugulo-
subclavian junction. The right Iymphatic duct has the same
anatomical refationship but is much smaller, and chylous effu-
sion occurs only with lef-sided IV cannulations [96,971.

ng. 2-2. Surface anatomy and various approaches o cannulation
of the internal jugular vein. A. Surface anatomy. B. Anterior approach.
C. Central approach. D. Posterior approach.

Techniques of Cannulation, Internal jugular venipuncture
may be accomplished by a variety of methods; a5 many as 14
variations have been described [99)]. All methads use the same
landmarks but differ in the site of venipuncture or orientation
of the needle. Defalque grouped the methods into three general
approaches: anterior, central, and posterior [100] (Fig. 2-2). I
prefer the central approach for the inidal aempt, but the
method chosen varies with the instirution and operator's ex-
perience, All approaches require identical equipment, and the
operator may choose from many different catheters and pre-
packaged kits. Multilumen catheters are now in common use,
and the insertion of a triple-lumen catheter is described below.
Insertion of an introducer for pulmonary artery catheterization
follows the same basic technique and is described in detail in
Chapter 4, ' .

Standard triple-lumen catheter kits include a 7 Fr. triple-u-
men catheter with 20 or 30 cm of usable length, 2 0.035-inch
diameter guidewire with straight and J tip, 18-gauge thin-wall
needle, a 16-gauge catheter-over-needle, 2 7 Fr. vein dilator, a
22-gauge “finder” needle, and appropriate syringes and surure
material. Preparation of the guidewire and catheter prior to

insertion is important all lumens should be flushed with saline
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and the cap to the distal lumen removed. The patient is placed
in a 15-degree Trendelenburg position to distend the vein and
minimize the risk of air embolism, with the head tumed gently
1o the contralateral side. The surface anatomy is identified, es-
pecially the angle of the mandible, the two heads of the SCM,
the clavicle, the EJV, and the trachea (Fig. 2-2). The neck is
then prepared with an iodine-containing solution, which is al-
lowed to dry, and draped, with care to avoid covering the
patient's eyes to minimize anxiety. For the central approach
[13,100-103], skin puncture is at the apex of the triangle formed
by the two muscle bellies of the SCM and the clavicle. The ICA
pulsation is usually felt 1 1o 2 cm medial to this point, beneath
or just medial to the sternal head of the SCM. The skin at the

apex of the triangle is infiltrated with 1% lidocaine using the -

22-gauge needie, which is then used to locate the [JV. Use of 2
small-bore finder needle to locate the [JV should prevent in-
advertent ICA puncture and unnecessary probing with a larger-
bore needle. The operator should maintain slight or no prassure
on the ICA with the left hand and insert the finder needle with
the right hand at the apex of the wiangle (or slightly more
caudal) at a 30- to 45-degree angle with the frontal plane, di-
rected at the ipsilateral nipple. After expulsion of any skin plug,
the needle is advanced steadily with constant back pressure
and venipuncture occurs within 3 to 5 cm. Deeper penetration
is not recommended. If venipuncture does not occur on the
initial thrust, back pressure should be maintained and the
needle slowly withdrawn, as venipuncture frequently occurs
on withdrawal, If the first attempt is unsuccessful, the operator
should reassess patient position, landmarks, and techniques to
ensure that he or she is not doing anything 1o decrease [JV
Jumen size (see below). Subsequent attempts may be directed
slightly laterally or medially to the initial thrust, as long as the
plane of the ICA. is not violated. If venipuncture does not occur
afier three 1o five attempts, further anempts are likely to be
unsuccessful and only increase complications [58,104,105l
“When venipuncture has occurred with the finder needle, the
operator can either withdraw the finder needle and introduce
the large-bore needle in the identical plane or leave the finder
needle in place and introduce the larger needle directdy above
it. If using the latter technique, the operator or assistant must
be careful not to exert tension on the finder needle, as this may
decrease the lumen size of the IJV and make catheterization
more difficult. Many kits provide both an 18-gauge thin-wall
. needle through which a guidewire can be directly introduced
and a 16-gauge catherer-over-needle device. With the lamer
apparatus, the catheter is threaded over the needle into the
vein, the needle withdrawn, and the guidewire inserted through
the catheter. Both techniques are effective; the choice is strictly
a matter of operator preference., With the 18-gauge thin-wall
needle, the operator must be sure to secure the needle in place
with one hand while removing the syringe with the other, so
that the needle does not migrate out of the vein prior to guide-
wire insertion, Many operators prefer the catheter-over-needle
device for IJV catheterization because standard intravenous
technique is used and the catheter is less likely to migrate from
the vein before guidewire insertion. However, this technique
requires that the catheter and needle be inserted and withdrawn
simultaneously to avoid catheter embolism, and often the cath-
eter does not pierce the tissue planes easily, Regardless of
which large-bore needle is used, once venipuncture has oc-
curred the syringe is removed during expiration or Valsaiva
maneuver and the hub occluded with 2 finger after ensuring
that the backflow of biood is not pulsatile. The J tip of the
guidewire is then inserted and should pass freely up to 20 cm,
at which point the thin-wall needle or catheter is withdrawn.
The tendency to insert the guidewire deeper than 15 t0 20 cm
should be avoided, 2s it is the most common cause of ventric-

ular arrhythmias during insertion and also poses a risk for car-
diac perforation. Occasionally, the guidewire does not pass
easily beyond the tip of the thin-wall needle (especially) or
catheter, The guidewire should then be withdrawn, the syringe
attached, and free backflow of blood reestablished and main-
tained while the syringe and needle are brought 1o a2 more
parallel plane with the vein. The guidewire should then pass
easily. If resistance is still encountered, rotation of the guidewire
during insertion often allows passage, but extensive manipu-
lation and force only lead to complications.

With the guidewire in place, a scalpel is used to make two
generous 90-degree stab incisions at the skin entry site to facil-

* itate passage of the 7 Fr. vein dilator. The dilator is inserted

down the wire to the hub, ensuring that control and sterility of
the guidewire is not compromised. The dilator is then with-
drawn and gauze used at the puncrure site to control -aozing
and prevent air embolism down the needie tract. The triple-
lumen catheter is then inserted over the guidewire, ensuring
that the guidewire protrudes from the distal lumen hub before
the catheter tip penetrates the skin, The catheter is then ad-
vanced 15 to 17 cm (17-19 cm for left TV} into the vein, the
guidewire withdrawn, and the distal lumen capped. The cath-
eter is sutured securely 1o limit tip migration and bandaged in
2 standard manner, A chest radiograph should be obtained to
detect complications and tip locarion.

Alternative. Approaches. The anterior and posterior ap-
proaches are identical in technique, differing only in venipunc-
ture site and plane of insertion. For the anterior approach (Fig.
2-2) [99, 100,106,107,108], the important landmark is the mid-
point of the sternal head of the SCM, approximately 5 cm from
both the angle of the mandible and the sternum. At this point,
the carotid artery can be palpated 1 em inside the lateral border
of the sternal head. The index and middle fingers of the left
hand gently palpate the artery, and the needle is introduced 0.5
to 1 cm lateral to the pulsation. The needle should form a 30-
to 45-degree angle with the frontal plane and be directed cau-
dally parallel to the carotid artery toward the ipsilateral nipple.
Venipuncture occurs within 2 to 4 cm, sometimes only while
the needle is slowly withdrawn. If the initial thrust is unsuc-
cessful, the next attempt should be at a S-degree lateral angle,
followed by a cautious attempt more medially, never crossing
the plane of the carotid artery.

The posterior approach (Fig. 2-2) [99,100,109,110,111] uses
the EJV as a surface landmark. The needle is introduced 1 cm
dorsally to the point where the EJV crosses the posterior border
of the SCM or 5 cm cephalad from the clavicle along the clavi-
cular head of the SCM. The needle is directed caudally and
ventrally toward the suprasternal notch at an angle of 45 de-
grees to the sagittal plane, with a 15-degree upward angulation.
Venipuncture occurs within 5 to 7 em. If this arempt is unsuc-
cessful, the needle should be aimed slightly more cephalad on
the next attempt.

Success Rates and Complications.. Internal jugular vein
catheterization is associated with 2 high rate of successful cath-
eter placement regardless of the approach used, Elective pro-
cedures are successful more than 90 percent of the time, gen-
erally within the first three attempts, and catheter malposition
is rare [96,97,100,101,102,104,106,107). Operator experience
does not appear to be as important a factor in altering the
success rate of venipuncrure as it is in increasing the number
of complications [104,112]. Emergent IJV catheterization is less
successful and is not the preferred technique during airway
emergencies or other situations that may make it difficult o
identify landmarks in the neck [104,112]. Some authors advo-
cate the use of ultrasound localization 1o aid in IJV cathereriza-



tion {113}, bur routine use of ultrasound is unnecessary for a
procedure with such a high success rate, In special circum-
stances, ultrasound or Doppler localization is helpful in per-
forming difficult or previously unsuccessful IJV catheterization
(114,115],

Ultrasound studies have been useful in delinearing factors
that improve the efficiency of [JV cannulation. The abiiity to
perform IJV venipuncture is directly proportional to its cross-
sectional lumen area {CSLA), thus maneuvers that increase or
decrease the veins' caliber impact on the success rate
[41,113,115,116,117). Maneuvers that decrease the CSLA include
hypovolemia, carotid artery palpation, and excessive tension
on 2 finder needle. Predictably, Valsalva maneuver and Tren-
delenburg position increase CSLA, as does high-level positive
end-expiratory pressure (PEEP). There is also a progressive
increase in CSLA as the IV nears the SV. Overrotation of the
neck may place the vein beneath the SCM muscle belly {115].

Ofien, a difficult IV cannulation is successful on the first
attempt by optimizing CLSA through attention to the above
measures. If the IV is still not punctured after one or two
attempts, it is usually because of anatomical variation, not be-
cause of the absence of jugular flow [116,117], In this siruation,
use a Doppler device (Smart-Needle) 1o locate the [V, because
of its portability, overall convenience, and need for less oper-
ator experise [118], Others use ultrasound in an analogous
fashion [119]. Whatever technique is-empioyed, prolonged at-
tempits at catheterization after optimization of ITV CSLA are only
likely to increase complications.

Complications. The incidence and types of complications are
similar regardless of the approach. Operator inexperience ap-
pears to increase the number of complications, but to an un-
defined extent, and probably does not have as grear an impact
as it does on the incidence of pneumothorax in subclavian
venipuncture [100,120,121].

The overall incidence of complications in IJV catheterization
is 0.1 to 4.2 percent{12,100,109,120,122], with a few studies
reporting higher rates [58,104,123]. Important complications in-
clude ICA puncture, pneumothorax, vessel erosion, thrombaosis,
and infection. Vessel erosion, thrombosis, and infectious com-
plications are common to:all routes of CVC and are reviewed
separately in this chapter.

By far the most common complication is ICA puncture, which
constitutes 80 to 90 percent of all complications. In the absence
of a bleeding diathesis, arterial punctures are benign and are
managed conservatively without sequelae by applying local
pressure for 10 minutes. Even in the absence of clotting abnor-
malities, a sizable hematoma may form, frequently preventing
further catheterization atiempts or, rarely, exerting pressure on
vital neck structures [124-128]. Unrecognized arterial puncture
can lead to catheterization of the ICA with a large-bore catheter
or introducer and can have disastrous consequences, especially
when heparin js administered [122). Management of carotd
cannulation with & large-bore catheter, such as a 7 Fr. introdu-
cer, is controversial. Some experts advise administration of an-
ticoagulants 1o prevent thromboembolic complications, while
others advise the opposite. My approach is to remove the cath-
eter and avoid heparinization if possible, as hemorrhage ap-
pears to be a greater risk than thromboembolism [122].

Chronic complications that rarely complicate ICA puncture
include hematomas reguiring surgical excision {129}, arterio-
venous fistula [130], and pseudoaneurysm [131].

Coagulopathy is a relative contraindication to IJV catheteriza-
tion, and the EJV or FV shouid be considered as primary alter-
natives, If these routes cannot be used, 1 proceed with the IjV
approach. Under these circumstances, 2 finder needie tech-
nigue is mandatory, because carotid puncrure by a 22-gauge

needle is still unlikely to cause complications. Goldfarb and
Lebrec {58] performed IJV cannulation in 1000 patients with
liver disease and coagulopathy, defined as prothrombin activity
less than 50 percent and/or bleeding time longer than 10 min-
utes and/or plateler count under 50,000, Despite 2 7 percent
incidence of arterial puncture, a cliniczally detectable hematoma
formed in only 10 patients, one of whom required surgical
drainage. The coagulopathy associated with liver disease can-
not be equated 1o all coagulation abnormalities, but this expe-
rience suggests that the IJV can be used safely as an alternative
to the EJV or FV in the presence of coagulopathy.

Pneumothorax is an unusual adverse consequence of IJV
cannulation, with an average incidence of 0 to 0.2 percent
{12,99,104,110,120]. It usually results from a skin puncture oo
close to the clavicle or, rarely, a guidewire inserted through 2
needle that has inadventently migrated from the IV lumen (58],
Pneumothorax may be complicated by heme, infusion of intra-
venous fluid, or rension [58,104,132,133],

An extraordinary number of case reports indicate that any
complication from IJV catheterization is possible, even the in-
trathecal insertion of a Swan-Ganz catheter [134]. In reality, this
route is reliable, with 2 low incidence of major complications.
Operator experience is not as impornant a factor as in SV cath-
eterization, the incidence of catheter tip malposition is low, and
patient acceptance is high, It is best suited for elective cathe-
terizations in volume-repleted patients, especially pulmonary
artery catheterizations and insertion of temporary transvenous
pacemakers. It is not the preferred sita during airway emergen-
cies, for administration of parenteral nutrition, or long-term
catheterization. Anticoagulation is not an absolute contraindi-
cation, but EJV or FV catheterization may be more 2ppropriate
for initial attempts.

EXTERNAL JUGULAR VEIN APPROACH., The main advan-
tages to the EJV route for CVC are that the EJV is part of the
surface anatomy, it may be cannulared in the presence of clot-
ting abnormalities, and the risk of pneumothorax is avoided.
The main disadvantage is the unpredictability of passage of the
catheter to the central compartment.

Anatomy. The EJV is formed anterior and caudal to the ear at
the angle of the mandible by the union of the posterior auricular
and retromandibular veins (Fig, 2-3). It courses obliquely across
the anterior surface of the SCM, then pierces the deep fascia
just posterior 1o the SCM and joins the 5V behind the medial
third of the clavicle. In 5 to 15 percent of patients, the EJV is
not a distinct structure but 2 venous plexus, in which case it
may receive the ipsilateral cephalic vein. The EJV varies in size
and contains valves throughout its course. Its junction with the
5V may be at a severe, narrow angle that can be difficult for a
catheter 1o traverse.

Technique. The EJV should be cannulated using the 16-gauge
catheter-over-needie, since guidewire manipulations are often
necessary and secure venous access is preferable with a cath-
cter. On occasion, especially after unsuccessful attempts 2nd
hematoma formation, an 18-gauge thin-wall needle must be
used. The patient is placed in 2 slight Trendelenburg position,
with arms to the side and head tumned gently to the contralateral
side. The right EJV should be chosen for the initial awempt and
can be identified where it courses over the anterior portion of
the clavicular belly of the SCM. The Valsalva maneuver may
help identify the vein in the dehydrated patient, but because of
venous valves, thoracic pressure is not consistently transmitted
to the EJV. After sterile preparation, venipuncture is performed
with the 16-gauge catheter-over-needle using the left index
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Fig. 2-3. External jugular vein.

finger and thumb to distend and anchor the vein. Skin puncture
should be well above the clavicle and the neeadle advanced in

- the axis of the vein at 20 degrees to the frontal plane. The EJV
may be more difficult to cannulate than expected bacause of
its propensity to roll and displace rather than punciure in re-
sponse to the advancing needle. A firm, quick thrust is often
required to effect venipuncture. When frae backflow of blood
is established, the needie tip is advanced a few millimeters
further into the vein and the catheter is threaded over the
needle, The catheter may not thread its entire length because
of valves, tortuosity, or the SV junction but should be advanced
at least 3 to 5 cm 1o -Secure venous access. The syringe and
needie can then be removed and the guidewire, J tip first,
threaded up to 20 cm and the catheter removed. Manipulation
and rotation of the guidewire, especially when it reaches the
SV junction, may be necessary but should not be excessive.
Various arm and-head movements are advocated to facilitate
guidewire passage. I have found abduction of the ipsilateral
arm and anterior-posterior pressure exerted on the clavicle to
be helpful. Once the guidewire has advanced 20 cm, two 90-
degree skin stabs are made with 2 scalpel, and the vein dilator
is inserted to its hub. Control of the guidewire should never be
lost while the vein dilator is removed. The tiple-lumen catheter
is then inserted an appropriate length (16-17 cm on the right,
18 cm on the left). The guidawire is withdrawn, the carherer
bandaged, and a chest radiograph obtained to screen for com-
plications.

Success Rates and Complications. Central venous catheter-
ization via the EJV is successful in 80 percent of patients (range
75-95% 195,135,136,137]. tnability to perform venipuncture ac-
counts for up to 10 percent of failures [96,135,138,139] and the
remainder are 2 result of catheter tip malpositioning, Failure to
position the catheter tip is 2 result of an inability to negotiate

the EJV-8V junction, loop formarion [96,139], or retrograde pas-
sage down the ipsilateral amm [112,135]. ’

Serious complications arising from the B[V approach are rare
and almost always associated with catheter maintenance rather
than venipuncture, A local hematoma forms in 1 to'§ percent
of patients at the time of venipuncrure [96,135,139,140] but has
little consequence unless it distorts the anatomy leading to cath-
eterization failure. External jugular venipuncture is safe in the
presence of coagulopathy. Infectious and thrombotic:compli-
cations are no more frequent than with other central routes.
Phlebitis is potentially more common because of lower blood
flows, but this is unproved. Vascular erosions may occur more
commonly with lefi-sided EJV catheters for the rezsons dis-
cussed above [141}. A chest radiograph should be obtained 1o
confirm catheter tip location within the SVC, parallel to the
vessel wall.

There is considerable disagreement regarding the true use-
fulness of EJV catheterization in critical care practice. The rea-
sons for the wide disparity in success rates reporied in the
literature are not apparent, but experience and enthusiasm for
the route may play a role. My own experience with EJV cath-
eterization is similar to the 80 percent success rate reported
above, and I find it a valuable altarnative to the IV in anticoag-
uiated patients or those with severe lung disease or on high-
level PEEP. All critical care physicians shouid gain expertise
with this route, 25 its success rate is 2t ieast comparable to that
of the antecubital approach and major complications are rare.

FEMORAL VEIN APPROACH. The FV is an appealing site for
CVC because it is directly compressible, it is remote from the
airway and pleurs, the technique is relatively simple, and the
Trendelenburg position is not required during insertion. Fem-
orzl vein cathererization was a common site for CVC in the
1950s but was largely abandoned after 1959 when Moncrief 4]
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and Bansmer et al. [5] reported a high incidence of complica-
tions, especially infection and thrombosis. In the subsequent
wo decades, FV cannulation was restricted to specialized clin-
ical situations. Interest in short-term (<48 hr) FV catheterization
was revived by positive experiences during the Vietnam conflict
[142] and with patients in the emergency department [143,144],
More recent reports on long-term FV catheterization in children
[145] and adults [67,68,146,147] suggest 2 complication rate no
higher than that with other routes.

Anatomy. The FV (Fig. 2-4) is a direct continuation of the
popliteal vein and becomes the external iliac vein at the in-
guinal ligament. At the inguinal ligament the FV lies within the
femoral sheath a few cendmeters from the skin surface, Within
the intermediate compartment of the sheath, the FV lies medial
to the femoral artery, which in turn lies medial to the femoral
branch of the genitofemoral nerve. The medial compartment
contains lymphatic channels and Cloguer's node. The external
ilizc vein courses cephalad from the inguinal ligament aiong
the anterior surface of the iliopsoas muscle to join its counter-
part from the other leg and form the interior vena cava (IVC)
anterior to and to the right of the fifth lumbar vertebra [78-81],

Technique, Femoral vein cannulation is the L of all cen-
tral venous procedures o leam and perform [143,148,149). Ei-
ther side is suitable, and the side chosen is based on operator
convenience. The patient is placed in the supine position (if
tolerated) wjth the leg extended and slightly abducted ar the
hip. Excessive hair should be clipped with scissors and the skin

prepped with an iodine-containing solution and wiped with
alcohol or allowed to dry. The FV lies 1 1o 1.5 crn medial to the
arierial pulsation, and the skin should be infitrated with 1%
lidocaine at this point. in a patient without femaral artery pul-
sations, the FV can be located in the following manner (142],
The distance berween the anterior superior iliac spine and the
pubic tubercle is divided into three egual segments. The fem-
oral artery is usually found where the medial segment meets
the two lateral ones, and the FV lies 1 to 1.5 cm medial. An 18-
gauge thin-wall needle is inserted at this point,_ 2 © 3 cm inferior

1o the inguinal ligament, so that venipuncture occurs caudal o
{;J‘.Wmmgzaﬁ%%ﬁﬁ—mjnmm the risk of fetroperionea!
hgmatoma in the event of arterial puncture. While maintaining
constant back-pressure on the syringe, the needle, tip pointed
cephalad, is advanced at 2 45- to 60-degree angle to the fronral
plane, Insertion of the needie aimost to its hub is sometimes
required in obese patients. Venipuncture may not occur until
slow withdrawal. If the initia} awempt is unsuccessful, land-
marks should be reevaluated and subsequent thrusts oriented
slightly more medial or lateral. A common error is to direct the
needle tip medially, toward the umbilicus. The femoral vessels
lie in the sagittal plane at the inguinal ligament (Fig. 2-4), and
the needle should be directed accordingly. If inadverient arte- )
rial puncture occurs, pressure is applied for 5 to 10 minutes,

When venous blood return is established, the syringe is de-
pressed to skin level and free aspiration of blood reconfirmed.
The syringe is removed, ensuring that blood return is not pul-
satile. The guidewire should -pass easily and never be forced,
although rotation and minor manipulation are sometimes re-
quired. The needle is then withdrawn, two scalpel blade stab
incisions made at 90 degrees above the guidewire insertion site,
and the vein dilator inserted over the wire 1o the hub. The
dilator is next withdrawn and a catheter appropriate to clinical
requirements inserted, taking care never to lose control of the
guidewire. The catheter is secured with a suture and antiseptic
ointment and bandage applied.

Success Rate and Complications. Femoral vein catheteriza-
tion is successful in 90 10 95 percent of patients, including those
in shock or cardiopulmonary arrest [142,143,145,146,149,150].
Unsuccessful catheterizations are usually a result of venipunc-
ture failure, hematoma formation, or inability to advance the
guidewire into the vein, Operator inexperience rnay increase
the number of attempts and complication rate but does not
significantly decrease the overall success rate [146].

Only three complications occur regularly with FV catheter-
ization: arterial puncture with or without local bleeding, infec-
tion, and thromboembolic events. Other reporied complica-
tions are rare and include scrotal hemorrhage [151], right lower
quadrant bowel perforation [152], retroperitoneal hemorrhage
(153], puncture of the kidney [154], and perforation of IVC trib-
utaries. These compiications occur when skin puncture sites
are cephalad 1o the inguinal ligament or when long catheters
are threaded into the FV,

Femoral artery puncture occurs in 5 to 10 percent of adults
(142,143,146,148,150], with a slightly higher incidence in chil-
dren (145]. Most arterial punctures are uncomplicated, but major
hematomas may form in 1 percent of patients {142,146]. Even
in the presence of coagulopathy, arterial puncture with the 18-
gauge thin-wall needle is usually of no consequence, with only
rare reports of life-threatening thigh or retroperitoneal hemor-
rhage {149,155]. The long history of femoral vessel cannulation
in the seuing of renal failure atests 1o its safety in patients with
bleeding tendencies [156]. Arteriovenous fisrula and pseudo-
aneurysm are rare chronic complications of arterial puncrure;
the former is more likely to occur when both femoral vessels
are cannulated concurrently [157].
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Infectious complications from FV catheters are no more fre-
guent than with other routes. The perception that FV catheters
are more prone 1o infection derives from studies in the 1950s
already cited, as well as the proximity of the site to the pubic
area. All recent series involving both short- and long-term FV
catheterization in adults and children have reported catheter-
related infection rates of 5 percent or less [142,143,145,146,158).
Further evidence that the inguinal area is not an inherent “dirty”
site is provided by experience with femoral artery catheters,
which have an infection rate comparable to that with radial
artery catheters {159,160].

The most feared complication of FV catheterization is deep
‘venous thrombosis (DVT) of the lower extremity. Moncrief, in
1958, reported an incidence of awopsy-proven thrombosis of
13 percent with catheters left in place an average of 7 to 10
days in burn patients [4]. Bansmer and co-workers, also in 1958,
reported a 29 percent incidence of IVC or ileofemoral throm-
bosis in patients with femoral catheters in place an average of
13 days [51. These findings were largely responsible for the
abandonment of FV catheters, but for several reasons these
studies are probably not indicative of the true risk of throm-
boembolic complications from FV catheters. Both studies re-
ported mainly autopsy findings from a small series of chroni-
cally ill patients, which is not a representative patient sample.
Due to technological improvements in catheter design and ma-
terial, catheters are not as thrombogenic as they were in the
-1950s, Most important, these reports involved no comparative
studies with catheters inserted at other central routes. Catheter-
associated thrombosis is a risk of all central venous catheters,
regardless of the site of insertion, and comparative studies using
contrast venography ‘are needed to better assess the relative
risk of FV catheters. The available data suggest that FV catheters
are no more prone to thrombosis than SV or JJV catheters
160,61,63,64,65,67,68]. However, thrombosis of the ileofemoral
sysiem is potentially more serious than upper extremity throm-
bosis, and the potential thromboembolic complications of FV
catheters cannot be discounted [161,162]. Studies using serial
impedance plethysmography or Doppler ultrasound to assess
the incidence of DVT from FV catheters are in progress.

In summary, available evidence supports the view that the
FV may be cannulated safely in critically ill adults. It is partic-
ularly useful for inexperienced operators because of the high
rate of success and lower incidence of major complications.
Femnoral vein catheterizations may be performed during airway
emergencies and cardiopulmonary asrest, in patients with co-
agulopathy, and in patients who are unable 10 lie flat. The only
major complication during venipuncture is arerial puncture,
which is usually easily managed. Infection is no more common
than with other routes, and expanding clinical experience sug-
gests that thromboembolism is not as clinically significant as
once believed.

SUBCLAVIAN VEIN APPROACH. Since Aubaniac (2] de-
scribed the use of subclavian venipuncture in humans, contro-
versy has surrounded this route of access to the central circu-
lation. Wilson et al’s 1962 report (7] generated much
enthusiasm for SV catheterizaton, but soon the large number
of serious complicauons, some fatal, resulted in some investi-
gators urging 2 moratorium on the procedure {163]. The contro-
versy involving SV catheterization probably derives from the
significant impact of operator experience on the incidence of

complications. Experienced operators (see below) experience
@ pneumothorax rate of 1 percent or less and can justify use of
the SV as primary central venous access in almost all patients.
Inexperienced operators have a far greater rate of pneumo-
thorax; therefore, in settings where relatively inexperienced

physicians perform the majority of CVC, the SV should be used
more seiectively (164,165]. The advantages of this route include
consistent identiiable landmarks, easier long-term catheter
maimenance, and relatively high patient comfort. The 5V is the
preferred site for CVC in patients with hyvpovolemis, for long-
term total parenteral nputrition (TPN), for acute_hemodialysis
and in patients with elevated intracranial pressure who require
hemodynarnic monitoring.

Anatomy. The SV is a direct continuation of the axillary vein,
beginning at the lateral border of the first rib, extending 3 to 4
cm along the undersurface of the clavicle and becoming the
brachiocephalic vein where it joins the ipsilateral [JV at Piro-
goff's confluence behind the siemoclavicular articuiation (Fig.
2-5) [76-81,160]. The veinis 1 to 2 cm in diameter, contains a
single set of valves just distal to the EJV junction, and is fixed
in position directly beneath the clavicle by its fibrous attach-
ments. These anachments prevent collapse of the vein, even
with severe volume depletion. Anterior to the vein throughout
its course lies the subclavius muscie, clavicle, costoclavicular
ligament, pectoralis muscles, and epidermis. Posteriorly, the SV
is separated from the subclavian anery and brachial plexus by
the anterior scalenus muscle, which is 10 to 15 mm thick in the
adult. Posterior to the medial portion of the SV are the phrenic
nerve and internal mammary artery as they pass into the thorax.
Superorly, the relationships are the skin, platysma, and super-
ficial aponeurosis, Inferiorly, the vein rests on the first rib, Sib-
son's fascia, cupola of pleura (0.5 cm behind the vein), and
pulmonary apex [19,42,167,168]. The thoracic duct on the left
and right lvmphatic duct cross the antenior scalene muscle to
jom Ele superior aspect of the SV near its union with the IJV.
Technique. Although there are countless variations, the SV
may be cannulated by rtwo basic techniques, the infraclavicular
{2,7,9,16,99,166-172} or supraclavicular[16,99,166,167,173-177]
approach (Fig. 2-6). The differences in success rale, catheter tip
malposition, and complications berween the two approaches
are negligible, although catheter tip malposition and pneumo-
thorax may be less likely with supraclavicular cannulation
[178,179,180]. In general, when discussing the success rate and
incidence of complications of SV catheterization, there is no
need to specify the approach used., The 18-gauge thin-wall
needle is preferable for 5V cannulation. The gatheter-over-
needle device tends 10 be less effective for two reasons. First,
the catheter often hangs up on the clavicle and does not ad-
vance easily over the needle, This may result in kinking or
breakage of the catheter. Second, the catheter has a tendency
to rebound out of the SV lumen after the needle is withdrawn
because of tension exerted on it by the clavicle and tssue
planes. Vascular access is then lost before insertion of the
guidewire,

The patient is placed ig a 15- 1o 30-degree Trendelenburg
position, with a small bedroll between the shoulder blades. The
head is tumed gently to the contralateral side and the arms are
kept to the side. The pertinent landmarks are the clavicle, the
two muscle bellies of the SCM, the suprasternal notch, and the
manubriosternal junction. For the infraclavicular approach (Fig.
2-G), the operator is positioned next to the patient’s shoulder
on the side to be cannulated. For reasons cited earlier, the left
SV should be chosen for pulmonary artery catheterization;
otherwise, the success rate appears to be equivalent regardless
of the side chosen. Skin puncture is 2 10 3 cm caudal to the
midpoint of the clavicle, corresponding to the area where the
clavicie turmns from the shoulder to the manubrium, and should
be distant enough from the clavicle to evoid a downward angle
of the needle in clearing the inferior surface of the clavicle,
which also obviates the need to bend the needle. The path of
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Fig, 2-G. A. Patient positioning for subclavian cannulation. B.
Cannulation technique for supraciavicular approach.
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the needle is toward the suprastemnal notch or the medial end
of the _contralateral clavicie. Afier skin infiliration and Liberal
injection of the clavicular periosteum with 1% lidocaine, the 18-
gauge thin-wall needie is mounted on 2 10-ml syringe filled
with saline. Skin puncture is accomplished with the needle
bevel up, and a small amount of saline is expressed to eliminate
any possibie skin plug. The needle is advanced in the plane
described above untl the tip abuts the clavicle, The needle is
then “walked" down the clavicle until the inferior edge is
cleared. As the needle is advanced, the inferior surface of the
clavicle should be felt hupging the needle. This ensures that
the needle tip is as superior as possible to the dome of the
pleura. The needle is advanced toward the suprasternal notch,
during breath holding or expiration, and,venipuncture occurs
when the needie tip lies beneath the medial end of the clavicle.
This may reguire.insertion of the needie 1o its hub. Venipunc-
wre may not occur until slow withdrawal of the needle. If
venipuncture is not accomplished on the initial thrust, the next
atempt should be directed slightly more cephalad. If veni-
puncture dogs not occur by the third or fourth atempt, another
site should be chosen, as additional attempts are unlikely to be
successhul and may result in complications {112,165]. When
blaed return is established, the bevel of the needle is rotated

90 degrees toward the heart. The needie is anchored firmly
with the left hand while the syringe is detached with the right.
Blood return should not be pulsatle, and air embolism pro-
phylaxis is necessary at all umes. The guidewire is then ad-
vanced through the needle to 15 cm and the needle withdrawn,
The remainder of the procedure is as previously described.
Triple-lumen catheters should be sutured at 13 to 15 cm on the
right and 15 cm on the left 10 avoid intracardiac tip placement,

For the supraclavicular approach (Fig. 2-6), the important
landmarks are the clavicular insertion of the SCM muscle and
the sternoclavicular joint. The operator is positioned at the head
of the patient on the side to be cannulated. The site of skin
puncture is the claviculosternocleidomastoid angle, just above
the clavicle and lateral to the insertion of the clavicular head of
the SCM. The needie is advanced toward or just caudal 1o the
contralateral nippie just under the clavicle. This corresponds to
a 45-degree angle to the sagittal plane, bisecting a line between
the sternoclavicular joint and clavicular insertion of the SCM
{42,178]. The depth of insertion is from just beneath the SCM
clavicular head at a 10- to 15-degree angle below the coronal
plane, The needle should enter the jugulosubclavian venous
bulb after 115 4 cm, and the operator may then proceed with
catheterization.

Success and Complication Rates. Subclavian vein catheter-
ization is successful in 90 to 95 percent of cases, generaily on
the first attempr [96,142,171,172,175,176,178,181]. The presence
of shock does not alter the success rate as significantly as it
does during [JV catheterization [142,181). Unsuccessful cathe-
terizations are a result of venipuncture failure or inability to
advance the guidewire or catheter [96,171]. Catheter tip mal-
position occurs in 5 10 20 percent of cases [96,171,179,181] and
tends 10 be more frequent with the infraclavicular approach
{96,130,171,182]. Malposition occurs most commonly to the ip-
silateral IJV and contralateral SV and is usually correctable with-
Out repezat venipunciure.

The overall incidence of complications varies depending on
the operator’s experience and the circumstances under which
the catheter is inserted. Large series involving several thousand
SV catheters have reported an incidence of major complications
of 1 1o 3 percent, with an overall rate of 5 percent [16/—171).
In smaller, probably more clinically relevant studies, the ma-
jor complication rate has ranged from 1 w 10 percent
[96,142,178,181,183,184,185]. Factors resulting in 2 higher com-

plication rate are operator inexperience, muitiple attempts at
venipunciure, emergency conditions, and variance from stand-
ardized technique. Major complications include pneumothorax,
arterial punciure, thromboembolism, and catheter-related in-
fection. There are many case reporns of isolated major compli-
cations invoiving neck structures or the brachial plexus; the
reader is referred elsewhere for a compiete listing of reported
complications [99,167,186). Infectious complications are re-
viewed later in this chapter; pneumothorax, arterial puncture,
and thromboembolism are discussed in more derail below.
Pneumothorax accounts for one-fourth to one-half of re-
ported compilications, with an incidence of 1 to 5 percent
[142,171,172,175,176,178,181,183,187-191]. The incidence var-
ies inversely with the operator's experience and the number of
“breaks" in rechnique [112,179,180,181,184,185]. There is no
magic figure whereby an operator matures from inexperienced

! to experienced. Fifty catheterizations is cited frequently as a
¢ cutoff number, but it is reasonable to expect an operator to be

satisfactorily experienced after having performed fewer {164).
For the experienced operator, 2 pneumothorax incidence
< 0.5 percent is expected (7,142,167,171,176,178]. Most pneu-
mothoraces are a result of lung puncture at the time of the
procedure, but late-appearing pneumothoraces have been re-
poried, and it is good practice to obtain a chest radiograph the
day after the procedure.

One-fourth to one-half of pneumothoraces may be managed
conservatively, without thoracostomy tube drainage [171,
181,183). Rarely, a pneumothorax is complicated by tension
(181,188}, heme [175,192], infusion of intravenous fluid (im-
mediately or days or weeks after catheter piacement) [193-195],
chyie, and massive subcutaneous emphysema [187). Bilareral
pneumothoraces can occur from unilateral atempts at veni-
puncture [196]. Pneumothorax can result in death, especialiy
when it goes unrecognized [187,197,198].

Subciavian artery puncture occurs in 0.5 © 1.0 percent of
cases, constituting one-fourth to one-third of all complications
[96,142,171,175,176,185). Arterial puncture is usually managed
easily by applying pressure above and below the clavicle,
Bleeding can be carastrophic in patients with coagulopathy. As
with other routes, arterial puncture may result in arteriovenous
fistula or pseudoaneurysm [199],

Clinical evidence of central venous thrombosis, including
SVL syndrome, development of collaterals around the shoulder
girdle, and pulmonary embolism, occurs in 0 to 3 percent of
SV catheterizations [59,60,63,64,200], but routine phiebography
performed at catheter rernoval reveals a much higher incidence
of thrombotic phenomena. The importance of the discrepancy
between clinical symptoms and radiologic findings is unknown,
but it exists for all routes of CVC. Duration of catheterization,
catheter material, and patient condition may have an impact on
the frequency of thrombosis, but to an uncertain degree, De-
tection and treatment of catheter-associated thrombosis remains
2 controversial issue, discussed in detail elsewhere [38].

Infectious Complications

Infectious sequelas of central venous catheters include local
phenomena, such as cellulitis, abscess formation, and suppur-
ative thrombophlebitis, and systemic manifestations of bacte-
remia, septic shock, and metastatic infection. Catheter-related
infection is a broad and complicated topic, and 2 review of the
literature can be confusing, Many large series include peripheral
intravenous catheters, peripheral arterial catheters, and central
venous catheters of all types. Even in studies limited to central
venous catheters, the duration of catheterization, site of veni-
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puncrure, condition of the patiens, indication for placement,
and medical decision-making about removal are uncontrolled
or poorly recorded. Many frequently cited series are neither
randomized nor prospective and include too small a patient
sample to generate statistically significant results. The previous
edition of this text identified several controversies surrounding
infectious complications of central venous catheters. In the few
years since publication of that text, human and animal research
has provided considerable insight into many of these areas.This
discussion will focus on much of these new data and how they
impact on areas of particular interest to the critical care physi-
cian. Controversial topics that need clarification include the
following: What type of site bandage is best? Do triple-lumen
catheters have a higher rate of infection than conventional cath-
eters? What is the role of new catheter technology? Are catheter
changes over a guidewire an effective method of infection con-
rol? How long should catheters remain in place? Are there
differences in infection rates among the different insertion sites?
There are reasonably good answers to most of these questions,
but controversy continues over others. Future prospective, ran-
-domized studies—utilizing standardized definitions of catheter-
related infection—are needed 1o develop true consensus. The
interested reader is referred to a recent excellent discussion of
many of these topics (2011,

Consensus regarding the definition and diagnosis of catheter-
related infection is 2 necessary initial step in discussing catheter-
related infectious complications [202,203]. The serniquantitative
culture method described by Malki et al. [204] for culturing cath-
eter segments is the most accepted technique for diagnosing
catheter-related infection (205,206} and is one way 10 standard-
ize results between institutions, Which catheter segment to cul-
ture routinely is controversial, and I do not believe zvailable
evidence swongly favors use of the intradermal segment over
the catheter tip {201,202,205,200], most centars routinely culrure
the catheter tip. Regardless of which segment is cultured, semi-
quantitative results are used to define catheter contamination
as less than 15 colony-forming units (CFU) per culture plate.
Catheter-related infection is defined as grearar than 15 CFU and
is idemtified as colonization (all other cultures negative); local
or site infection (skin site with erythema, celiulitis, or purul-
ence); catheter-related bacreremia (systemic blood cultures
positive for identical organism on catheter segment and no
other source); and catheter-related sepsis or septic shock.

PATHOPHYSIOLOGY OF CATHETER INFECTION, Cath-
eters can become infected from four potential sources: the skin
insertion site; the catheter hub(s); hematogenous seeding; and
infusate contamination, which generlly results in epidemic no-
socornial bacteremia, 2 distinet entity reviewed elsewhere [207).
Animal and human studies have shown that catheters are most
commonly infected from bacteria colonizing the skin site, fol-
lowed by invasion of the intradermal catheter tract. Once the
external surface of the catherer in the tract is infected, bacteria
can quickly traverse the entire length and infect the catheter
tip, usually encasing the catheter in a slime layer known
as a biofilm. From the catheter tig, bacteria may shed into the
bloodstream, potentially creating metastatic foci of infection
{201,208,209,210]. The pathophysiology of most catheter infec-
tions explains why guidewire changes are not effective in pre-
venting or treating catheter-reiated infection: the colonized tract
and, in many cases, biofilm remain intact and quickly reinfect
the new catheter [211,212,213].

The catheter hub(s) also becomes colonized but contributes
1o catheter-related infectious complications less frequently than
the insertion site [201,214-217). Likewise, hematogenous seed-

ing of catheters from bacteremia is an infrequent cause of cath-
erer-related infection.

SITE PREPARATION AND CATHETER MAINTENANCE.
That the maijcrity of catheter-related infections are caused by
skin flora highlights the importance of site sterility during in-
sertion and catheter maintenance. Organisms that colonize the
insertion site originate from the patient's own skin flora or the
hands of operators [210], lodine-containing disinfectants, such
as 10% povidone-iodine, are the most commonly used skin
disinfectants and provide a wide range of antibacterial activity,
Proper application includes liberally scrubbing the site and
allowing it 1o dry for 30 1o 60 seconds before wiping with
aicohol; defatting the skin with acetone is not necessary
(210,218,219,220]. Excessive hair should be clipped with scis-
sors prior to application of the antiseptic, as shaving can cause
minor skin lacerations and disruption of the epidermal barrier
to infection.

Iodine-conlaining solutions may not be the best antisepiic
for site preparation. One recent study showed that when 3 2%
agueous solution of chiorhexadine was used for site prepara-
tion and maintenance, the incidence of catheter-associated in-
fection was reduced fourfold compared o povidone-iodine
(2211, Chiorhexadine is 2 potent germicide, with a broad spec-
trum and longer duration of action. It is available in the United
States primarily as a handwashing preparation. Further studies
are needed before this agent can be recommended for site
preparation and maintenance,

The hands of medical personnel are 2lso a potential source
of organisms for infecting intravascular devices [222,223], Thor-
ough handwashing and wearing sterile gloves are mandatory
for persons involved in catheter insertion or care. Cap, masks,
gowns, and a large drape (maximal sterile barriers) were shown
to reduce the infection rate in one recent study {224]. If a break
in steriie rechnique occurs during insertion, termination of the
g;ocedure and replacement of contaminated equipment is man-

Lory. .

Care of the catheter after insertion is perhaps the single most
inmportant step in minimizing infection, and all medical person-
nel should follow standardized protocols [225,226]. The number
of piggyback infusions and medical personnel handling tubing
changes and manipulation of the catheter site should be mini-
mized. Tubing changes every 48 to 72 hours are adequate; more
frequent changes are unnecessary [227]. The use of transparent,
semi-occlusive dressings is prevalent, but these may actually
increase the risk of site colonization because of moisture trap-
ping, and no dressing has been proved to be superior to gauze
and rape [228,229,230). Application of ivdophor or polymicro-
bial ointment to the insertion site during dressing changes does
not convincingly reduce the overall incidence of catheter infec-
tion, and certain polymicrobial ointments may increase the pro-
portion of Candida infections [215,231).

FREQUENCY OF CATHEYER-ASSOCIATED INFECTION.
Observing the above recommendations for catheter insertion
and maintenance will minimize but not eliminate catheter-as-
sociated infection. Colonization of the insertion site can begin
within 24 hours and increases with duration of catheterization;
20 to 40 percent of catheters evenmally become colonized (214,
232~236]. Catheter-associated bacteremia and sepsis occurs in
2 to 8 percent of catheters [145,146,158,225,232,234-245], al-
though some recent studies incorporating nawer catheter tech-
nologies have demonstrated rares of catheter-associated bac-
teremia of 2 percent or less (see below) [214,246]. Bacteremia
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is a significant complication, extending hospitalization and re-
sulting in metastatic infection and death in a significant per-
centage of patients [207,210,228,244]. Gram-positive organisms,
especially Staphylococcus species, are the most common in-
fecting agents, but gram-negative enteric organisms are not
rare. Candida species are less important today than in the past
bur still cause considerable morbidity, particularly in diabetic
patients with prolonged catheterization and on broad-spectrum
antibiotics.

TYPE OF CATHETER. The data presented gbove are derived
from large studies and are not necessarily applicable to any
given catheter because of variations in definitions, types of
catheters, site of insertion, duration of catheterization, types of
fluid infused, and policies regarding routine guidewire changes,
all of which have been implicated at some point as important
factors in the incidence of catheter-associated infection. The
duration of catheterization ‘in combination with the type of
catheter are major factors; the site of insertion and type of fluid
infused have a minor, if any, role. Guidewire changes have an
important role in evaiuation of the febrile catheterized patient,
but routine guidewire changes do not prevent infection or ex-
tend the acceptable duration of catheterization at any given site
(see below), Under ideal conditions, all of these factors are less
important. Long-term TPN catheters can be maintained for
months with low rates of infection, and there is no cutoff time
at which colonization and clinical infection accelerate. Today,
when the need for long-term catheterization is anticipated, sur-
gically implanted silicone elastomer (Silastc) catheters are
used. These catheters have Jow infection rates and are never
changed routinely [247). Catheters inserted percutaneocusly in
the critical care unit, however, are not subject to ideal condi-
tions and have a finite life span. For practical purposes, triple-
lumen catheters have replaced single-lumen catheters for many
indications for centra) venous access. Since catheter hubs are a
potential source of infection and triple-lumen catheters can
require three times the number of tubing changes, it was widely
believed thart they would have a higher infection rate. Studies
have presented conflicting results, but overall the data support
the view thart triple-lumen catheters have a slightly higher rate
of infection [234,238,242-245,248,249]. If used efficiently, how-
ever, they provide greater intravascular access per device and
can decrease the total number of catheter days and exposure
to central venipuncture. A slight increase in infection rate per
catheter is therefore justifiable from an overall risk-benefit anal-
ysis, if wiple-lumen catheters are used only when multiple in-
fusion porns are truly indicated [244],

DURATION OF CATHETERIZATION. How long to leave a
triple-lumen catheter in place is controversial and recommen-
dations are changing. Based on older data, many institutions
routinely move them to a new site or change over a guidewire
every 72 to 96 hours. I have never recommended guidewire
exchanges as an effective infection control measure, and two
recently completed prospective controlled trials support this
view [211,212]. Changing triple-lumen catheters to a new site
every 72 to 96 hours minimizes infection but also increases
mechznical complications associated with insertion. The inten-
sivist is thus faced with balancing the risk of infection with the
risks associated with insertion at a new site. Not surprisingly,
the literature is interpreted differently and practices vary be-
rween and even within institutions; fexibility in management
protocols is necessary. My approach is to leave triple-lumen
catheters in place an average of 6 to 7 days before changing to

2 new site, based on recent series and other data for daily risk
of catheter colonization {211,236]. For selected patients, espe-
cially those at increased risk of complications from central ven-
ipuncture, I do not hesitate 1o leave triple-lumen catheters in
place longer than a week.

The above recommendations do not necessarily apply 1o
other special-use catheters, which can be exposed to different
clinical situations and risk. Pulmonary artery catheters (PACs)
should ideally be removed after 72 to 120 hours because of the
increased risk of infection after this tme, (234,239 250-255).
These catheters are at more risk for infection because patients
are sicker, the introducer used for insertion is shorter, and cath-
eter manipulations are frequent [256]. When PACs are removed
to evaluate for infection, the introducer sheath must aiso be
removed, as this, not the PAC, is in contact with the intradermal
tract. Likewise, inserting a triple-lumen catheter through the
introducer does not alter the risk of infection. Pulmonary artery
catheter sheaths do not reduce the infection rate {257] but are
clinically important because they allow frequent repositioning
of the catheter if necessary. Catheters inserted for acute tem-
porary hemodialysis historically have 2 risk of infection of ap-
proximately 3 percent per week [258,239]. Logically, patient
factors influence the incidence of infection more than the type
of catheter or site of insertion [21). For acutely ill, hospitalized
patients, these catheters should be managed similarly to other
multiple-lumen catheters. For ambulatory outpatients, they can
be left in place longer, akin to single-Jumen catherters used for
long-term parenteral nutrition.

New catheter technology (see below) is promising and may
lead to changes in zll of the above recommendations. For the
present, every physician caring for the critically ill needs to be
cognizant of existing data and infection rates in their own in-
stitution so that rational policies can be implemented.

SITE OF INSERTION. The condition of the site is more im-
portant than the location. Whenever possible, sitas involved by
infection, burns, or other dermatologic processes, or in close
proximity to 2 heavily colonized area (e.g., tracheostomy)
should not be used as primary access. The site of insertion is a
relatively minor factor in infection rates, with the exception of
antecubital fossa catheters. Catheters inserted through antecu-
bital veins should be treated as peripheral catheters and re-
moved at 72 hours, or a high incidence of phiebitis and infec-
tion results, [91,202,210,239]. Otherwise, there are relatively few
and conflicting data demonstrating any difference between the
EJV, [JV, FV, and 8V. A few studies have reported a trend toward
higher colonization rates with FV and IJV catheters and lower
rates with SV catheters, but this has not convincingly translated
into a higher incidence of clinical infection {236,240,241,254].
Once again, prospective, randomized studies are needed to
clarify the issue.

GUIDEWIRE EXCHANGES. Guidewire exchanges have al-
ways been theoretically flawed as a form of infection control,
because although a new catheter is placed, the site, specifically
the intradermal tract, remains the same. Recent animal and
human studies have shown that when the tract and old catheter
are colonized, the new catheter invariably also becomes in-
fected [213,260,261,262]. Alternatively, if the initial catheter is
not colonized, there is no reason the new catheter will be more
resistant 1o subsequent infection than the original one. In nei-
ther sitwation will 2 guidewire change prevent infection
[211,212). However, guidewire changes continue to have a val-
uable role for replacing defective catheters, exchanging one



