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Objective — To assess the hemodynamic profile of
cardiac surgery patients with circulatory instability in the
early postoperative period (POP).

Methods — Over a two-year period, 306 patients un-
derwent cardiac surgery. Thirty had hemodynamic
instability in the early POP and were monitored with the
Swan-Ganz catheter. The following parameters were
evaluated: cardiac index (CI), systemic and pulmonary
vascular resistance, pulmonary shunt, central venous
pressure (CVP), pulmonary capillary wedge pressure
(PCWP), oxygen delivery and consumption, use of vaso-
active drugs and of circulatory support.

Results — Twenty patients had low cardiac index
(Cl), and 10 had normal or high CI. Systemic vascular
resistance was decreased in 11 patients. There was no
correlation between oxygen delivery (DO,) and consump-
tion (VO,), p=0.42, and no correlation between CVP and
PCWP, p=0.065. Pulmonary vascular resistance was
decreased in 15 patients and the pulmonary shunt was
increased in 19. Two patients with CI < 2L/min/m’ recei-
ved circulatory support.

Conclusion— Patients in the POP of cardiac surgery
frequently have a mixed shock due to the systemic inflam-
matory response syndrome (SIRS). Therefore, invasive
hemodynamic monitoring is useful in handling blood volu-
me, choice of vasoactive drugs, and indication for circula-

tory support.
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IN1945, Leniz Dexter performedthefirst catheterization
of the pulmonary artery to diagnose congenital heart dise-
ase®. Thehistory of theclinical hemodynamic monitoring
began after the publication by Swan and Ganz introducing
theuse of theballoon catheter for the pulmonary artery, in
1970 2. The use of the Swan-Ganz catheter (SGC) has
increased each year throughout theworld, despitebeing an
invasive and expensive procedure®. In 1975, it wasemplo-
yedin7.2% of the patientswith acutemyocardia infarction
(AMI),increasingto19.9%in 1984+,

Sincethereport by Goreet a * ontheuseof the SGCin
patientswith AMI, whereahigher mortality wasshownin
patients monitored with the SGC as compared with those
monitored with the central venous catheter (CV C), there
has been great controversy intheliterature about the costs
and benefits of that type of monitoring>2.

Thedispute culminated with the publication of an edi-
torial by Dalen and Bone?® asking for the suspension of the
monitoringwith the SGC until randomized and comparetive
studiescould be performed to better definetherisks.

The objective of our study was to analyze, retros-
pectively, the hemodynamic profileof patientsundergo-ing
cardiac surgery with circulatory instability in the early
postoperative period (POP), discussour experienceandthe
benefitsobtained withthe SGCinthiscategory of patients.

Methods

A retrospective study was performed. We analyzed
themedical recordsof all patientswho underwent cardiac
surgery and were admitted to theintensive care unit of the
HC-UNICAMP, inthe years of 1995 and 1996, and who
required hemodynamic monitoring withthe SGC dueto he-
modynamicinstability intheearly POP.

Inall patientswith instability following cardiac sur-
gery, thefirst drug used for hemodynamic support was
dopamine. Those patients who remained hypotensive
(systolic pressure <90mmHg) with 10pg/kg/min of dopa:
mine underwent invasive hemodynamic monitoring with
the SGC. The need for a second drug (dobutamine, nora-

Arq Bras Cardiol, volume 73 (n° 2), 134-138, 1999

134


https://core.ac.uk/display/296617299?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Arq Bras Cardiol
volume 73, (n° 2), 1999

drenaline or sodium nitroprusside) or circulatory support
wasdetermined only after invasivemonitoring.

Thefollowing parameterswere assessed: cardiac index
(CI), pulmonary (PVR) and systemicvascular resstance(SVR),
pulmonary shunt, oxygen delivery and consumption, and
correlation between central venous pressure (CVP) and
pulmonary capillary wedge pressure (PCWP). The use of
vasoactivedrugsandtheir indicationsduetothemeasurements
obtained through monitoring were a so eva uated, aswasthe
useof circulatory supportinpaientswith Cl <2L/min/y.

The Pearson correlation coefficient was used for the
detigicd andysis, withaleve of Sgnificanceof 5% (p<0.05).

Results

During 1995 and 1996, 306 petientsinthe POPof cardiac
surgery were admitted to the intensive care unit of the HC-
UNICAMP

Thirty of these patients, withamean ageof 57.72+14.37
years, were monitored with the SGC due to hemodynamic
ingtability inthe early PORP, Twenty-one of these patientswere
maes Thertypesof surgery arelisgedintablel.

Thefallowinghemodynamicmeasureswereobtained: Cl —
20paientshad Cl <3.5L/min/im?, 7 patientshad Cl >4.1L/min/n?;
and 3 patientshadva uesof Cl withintheacceptablerange(3.5-4
L/min/m?). Theminimal valuefoundwas 1. 35L/minnt, themaxima
was6.34AL/minmeandthemeanwas 3.14+1.36L/min/m?(fig. 1).

Table I - Diagnosis of patients monitored with the Swan-Ganz
catheter

Mitral replacement

Second mitral replacent

Mitral valvoplasty

Mitral replacement + revascularization

Mitral replacement + tricuspid plasty

Aortic replacent

Aortic replacement + revascularization
Secondaortic replacement + revascularization
Second aortic-mitral replacement
Aortic-mitral replacement + revascularization
Aortic dissection

Myocardial revascularization

Total
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Ten patients had a normal systemic vascular resis-
tance (SVR); 11 patientshad SVR <800 dyn/sec/cm®and 9
patientshad SV R >1201 dyn/sec/cm®. Theminima valuewas
312 andthemaximal valuewas2425 dyn/sec/cm® (fig. 2).

In11 patients, thePV Rwasnormal; in 15 patients, PVR
was<150dyn/sec/cmP andin4 patients, PV R was>250 dyn/
sec/cm®(fig. 3).
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Fig. 2— Systemic vascular resistency. SVR- dyn/s/cm®.
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Fig. 3—Pulmonary vascular resistency. PV R- dyn/s/cn.
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Fig. 1—Cardiacindex CI L/min/m?. Meanvalue 3.14 + 1.36; min 1.35; max 6.84.

Fig. 4 — Pulmonary shunt. Pulmonary shunt %.
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One patient had an acceptable pulmonary shunt (up
to5%); in5 patientsit ranged from 6to 10%; in 11 patients
from 11to 20%; in 8 patientsfrom 21 to 30%; in 2 patients
from 31t040%; andin 1 patient >40%(fig. 4).

Themeanvaluefor DO, was656.07+231.9mL/min/ny
andfor VO, was 282.52+139.43mL/min/m?. Therewasno
correlaionbetween DO, andV O, (p=0.42) (fig. 5). Therewas
asonocorreation between CVPand PCWP(p=0.065) (fig. 6).

The vasoactive drugs used according to data ob-
tained during monitoring arelistedintablell.

Dobutaminewasused in one patient; dopaminein 4;
associ ation of dobutamineand dopaminein 10 patients; as-
sociation of dobutamine, dopamineand norepinephrinein9
pati ents; associ ation of dopamineand norepinephrinein 4;
association of dobutamine, dopamine and sodium nitro-
prussidein 2; and associ ation of dobutamineand sodiumni-
troprussidein onepatient.

Five patientshad Cl <2L/min/m?2and required circu-
latory support. Tablelll showsthevaluesfor Cl and SVR,
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Fig. 5—Correlation between DO, and VO, (ml/min). There was no significant
correlation between DO, and VO, (p = 0.42).
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Fig. 6 — Correlation between central venous pressure (CVP) and pulmonary
capillary wedge pressure (PCWP). There was no significant correl ation between
PVC and PCWP (p = 0.065).
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Table II - Vasoactive drugs used
Number of patients
Dobutamine 1
Dopamine 4
Dopamine + dobutamine 10
Dopamine + dobutamine + noradrenaline 9
Dopamine + noradrenaline 4
Dobutamine + dopamine + nitroprusside 2
Dobutamine + nitropusside 1
Total 30
Table III - Patients with cardiac index < 2.0 L/min/m?

CI/SVR Circulatory support Drugs Qutcome
1 1.9/1369 I1AB Db, D, SN
2 1.6/1134 Bleeding Db, D -
3 1.6/1653 IAB + CP Db, D, SN +
4 1.8/1140 Leriche's Db, D -

Syndrome

5 1,35/2425 - Db, SN +
CI/SVR- cardiac index / systemic vascular resistance; Db- dobutamine; D-
dopamine; SN- sodium nitroprusside; +: good outcome; -: death; 1AB:
intraaortic balloon; CP: centrifuge pump.

drugs used, type of circulatory support and outcome of
each patient. Mechanical circulatory support wasused in
only 2 patients.

One patient had significant bleeding, another had
L eriche's syndrome, and another patient improved after
using vasoactive drugs. In these cases, therefore, circula
tory support was not empl oyed.

Therewereno complicationsderiving fromtheuse of
theSGC.

Among the monitored patients, 16 died and 14 had a
good outcome.

All patients without initial hemodynamic stability,
whodidnot usethe SGC, did not die. Inthewholegroup, the
mortdity ratewas’5.25%. Of all patientswith hemodynamic
instability monitored with the SGC, 3 had preoperative
gjectionfraction (EF) <40% and 2 died; fromthe 7 patients
with EF between 40% and 55%, 5 died; fromthe 20 patients
with EF >55%, 9 died. Among the 16 patientswho died, 2
had coronary heart diseasein 2 arteries, 5 patientsin 3 arte-
ries, and 3 patientshad coronary heart disease asso-ciated
withvalvular heart disease. Fromthepatientswith valvular
heart diseasewho died, 4 had single-val ve diseaseand one
patient had adouble-val vedisease. Onepatient with cardio-
myoplasty evolved with severe systemic inflammatory
responsesyndrome (SIRS) inthePOPand died. Seven pati-
entswho died had chronic obstructive pulmonary disease,
4 had diabetesmellitusand 2 had chronicrenal failure.

Discussion
I nvasive hemodynamic monitoring withthe SGC hasa

broad use in situations of hemodynamic instability in
criticaly ill patients.
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In the United States, around 1 million cathetersare
used per year for hemodynamic monitoring at acost of 2 bi-
[liondollars®.

Goreet a* inastudy publishedin 1987 onthe use of
SGCin patientswith complicated AMI, observed ahigher
mortality inthegroup monitored with the SGC ascompared
with the group monitored with the CVC. That study was
neither prospectivenor randomized, allowing usto assume
that the pati entsmonitored with the SGC wereinamorecri-
tical condition. After that study, many otherswere publi-
shedinthesearchfor theanswer to the question: isit worth
spending so much money on amonitoring procedure that
does not increase the patient’ s survival 758

We retrospectively evaluated 30 patients who had
undergone cardiac surgery. These patients had hemody-
namicinstability intheearly POPand underwent invasive
hemodynamic monitoring with SGC. Our study showed
that inthe POP of cardiac surgery, most of the patientshad
hemodynamicinstability resulting from mixed or hyperdy-
namic shock dueto SIRS.

M easurementsobtai ned by hemodynamic monitoring
defined our therapeutical management and, in 13 patients,
norepinephrine was used to enhance the vascular tonus.
Sodium nitroprussidewasusedinonly 3 patients(tablell).

Another point to be stressed isthat we did not find
the correlation between CVP and PCWP It isknown that
the control of the blood volume based only in the measu-
rement of CVPisnot safe.

Hemodynamic monitoring also guided usin the
indication for mechanical circulatory support in patients
with CI <2L/min/m?. Circulatory support withthecentrifuge
pump associated with the intraaortic balloon wasused in
onepatient and, in another patient, only theintraaortic ba-
[loon was used.

Davieset a° also concluded that monitoring with the
SGCwasuseful for orienting the control of theblood volu-
me, the use of vasoactive drugs and even the choice of the
anesthesiaemployedin 220 surgical patients.

Wefound no correl ation between DO, and VO,, aspre-
viously observed by Routse et a *°.

As the hemodynamic monitoring with the SGCisa
very invasive and expensivemethod, lessinvasiveand ex-
pensive methods are currently being investigated.

Transesophageal Doppler echocardiography might
beasolutiontothisproblem; however, thevaluesobtained
with this method vary greatly when compared with those
obtained withthe SGC*.

Thoracichioimpedancehassimilar limitations. Thomas
et a 2 compared cardiac output (CO) measurement with
bioimpedanceand SGCin 28 patientsafter myocardia revas:
cularization. Inintubated patients, bioimpedanceshowed up
to 30% smaller val uesthan those obtained with the SGC.

Monitoringwiththe SGChasitsrisksandcomplications. In
our study, however, the patients monitored with the SGC
showed no complicationsrelated totheuse of thecatheter.

Nishikawa et al 2 divided the complicationsinto two
groups: those caused by the venous puncture and those
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dueto the SGC. Pneumothorax had anincidence of 1%to
6% and arrhythmiasof 30%to 60%. Inthe1970s, pulmonary
infar-ction had anincidence of up to 7.2%; after the use of
intra-flow, however, therisk was practically abolished.

Theincidenceof thrombosisinsidethe cardiac cham-
bers, where the catheter passes, was 30%, in the postmor-
tem studies. Rupture of the pulmonary artery occurredin
0.1%1t00.2% and sepsisin 1% of the patients.

During themeasurement of the CO, several errorscan
occur due to temperature, injected volume, time of in-
jection, administration of fluids, hypotension, slow flow,
incorrectly positioned catheter, shuntsand other problems.

Wallaceet a “*found great differencesin thevaluesof
CO measured withtheuseof salinesolutionat roomtempe-
rature, when compared with the values obtained using a
coldsalinesolution.

In 1989, Tuman et al ' assessed morbidity and morta-
lity in 1,094 patients with complicated AMI, comparing
monitoring with CV C and SGC and found no difference.
Zion et al ** compared both modalitiesof monitoringin 371
patientsand observed ahigher mortality in patientswith se-
vereventricular failuremonitored with SGC. Out of our 30
patientsmonitored with the SGC, 16 died and 14 survived.

Fromthe patientswho died, 9 had anormal EFinthe
preoperative period. They developed hemodynamic
instability dueto SIRSor mixed shock, whichledtomultior-
ganfailureand death. Patientswithtriplecoronary heart di-
seaseor association of coronary heart diseasewith valvular
heart diseasewereat ahigher risk. Withregardto previous
diseases, chronic obstructive pulmonary disease (COPD)
had the highest risk and almost half of the patients(7) who
died, had COPD associated with cardiac disease.

Pearson et al & evaluated the cost/benefit ratio of three
modalities of monitoring after cardiac surgery, in 226
patients: CV C, SGC, and SGC pluscontinuousvenoussa-
turation. This randomized study showed a much higher
costin patientsmonitored withthe SGC, with no differences
inmortality; however, patientsmonitoredwith CV Candwith
higher instability wererandomized againfor thetwo other
modalitiesof monitoring. Attheend of theresearch, only 28
patientsout of 226 weremonitoredwiththe CVC.

Inthereview by Matthay et al 3, the successrate of the
valuesof the PCWPand CO, through theclinical evaluation
of intensive careunit patients, did not reach 50%. Thiscon-
firmed our opinion that in casesof cardiac surgery with he-
modynamic instability, it isimpossible to manage the
patient without invasivemonitoring, which definesthetype
of hemodynamic alteration and the appropriatevasoactive
drugsto be used.

The Ontario group organized a prospective and ran-
domized study *” comparing monitoring with the SGC and
CVC, but they could only gather 33 patients, because the
physiciansrefusedtoleavethecriticaly ill patientswithout
invasive monitoring due to ethical reasons. Guyatt et al
published theresultsobtai ned in these 33 patients showing
thesamemortality with thetwo modalitiesof monitoring.

Discussion about the use of the SGC called so much
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attention to the intensivists, that the journal Chest publi-
shed aseriesof letterswiththetitle: “ Defendersof thepul -
monary artery catheter” 2,

The consensus statement about the use of the SGCin
cardiac surgery published by the journal Critical Care
Medicine, in 1997 %, defined that invasive hemodynamic
monitoringwith SGC could beuseful in patientsundergoing
high-risk car-diac surgery, withimpairment in ventricular
function, con-cluding that therewere no scientific basesto
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justify thetemporary suspension of the use of the SGC. The
discus-sion, however, continues 22,

We concludethat hemodynamic monitoring with the
SGCisfundamental inpatientsundergoing cardiac surgery,
who havehemodynamicinstability inthe POP. Thevalue of
PCWP isimportant to assess the blood volume of the pa-
tient; measurement of SV Risfundamental for the choice of
vasoactivedrugs, and the Cl isfundamental intheindica-
tionfor circulatory support.
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