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Right ventricular dysfunction in septic shock:
assessment by measurements of right ventricular
ejection fraction using the thermodilution

technique
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Right ventricular ejection fraction (RVEF) was measured by the thermodilution technique in a series of 127
consecutive critically ill patients monitored with a modified pulmonary artery (PA) catheter equipped with
a fast response thermistor. Thermodilution RVEF was significantly lower in septic shock (23.8 + 8.29, 93
measurements) than in sepsis without shock (30.3 + 10.19,, 118 measurements) or in the absence of sepsis or
cardiopulmonary impairment (32,5 + 7.19(, 62 measurements), Both myocardial depression and pulmonary
hypertension could account for this impairment of RV function. RVEF decreased from 35.1 £ 9.8 w0
24.2+ 10.4%, (P<0.01) duning development of septic shock and increased from 25.0 +7.6 10 29.8 + 8.5,
(P<0.05) duning recovery (14 patients). Initial RVEF in septic shock was 27.8 + 8.6%, in 11 patents who
survived but only 20.9+ 6,79, (P<0.02) in the 23 paticats who eventually died. Thus, RV dysfunction is
common during septic shock, s directly related to its severity, and can easily be recognized in patents

monitared with a PA catheter.
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Decreased venous return and depressed myocardial
contractility commonly alter cardiac function in septic
shock (1-5). Myocardial failure has been largely in-
criminated in the development of low cardiac output
and high filling pressures which can complicate septic
shock and characterize its downhill course (1, 2). More
recent studies have indicated that myocardial de-
pression can occur very early in the course of septic
shock, even when cardiac output is normal or high
(3-5). In these conditions, left ventricular dysfunction
can be demonstrated early by measurement of left
ventricular e¢jection fraction (LVEF) using radio-
nuclide techniques (3, 4). In survivors, repeated LVEF
determinations show a progressive return of LVEF to
normal values (3).

Assessment of right ventricular (RV) function in
septic shock might be more attractive for two reasons.
First, RV dysfunction can be amplified by an increase
in RV afterload, represented by the pulmonary hyper-
tension frequently observed in severe sepsis (6-9). This
is in contradistinction to the usual decrease in LV
afterload associated with low systemic blood pressure
and systemic vascular resistance. Moreover, the right
ventricle is very sensitive to afterload increases (10,

11). Using radionuclide techniques, Hoffman et al.
(12) and Kimchi et al. (13) have observed that RV
function could be selectively altered in patients with
septic shock.

Secondly, while measurements of ventricular ejec-
tion fraction by radionuclide techniques require so-
phisticated equipment precluding its routine use in the
intensive care unit, recent technological advances have
allowed the accurate measurement of right ventricular
ejection fraction (RVEF) by the thermodilution tech-
nique using slightly modified pulmonary artery
(Swan-Ganz) catheters equipped with fast response
thermistors (14-16). Since pulmonary artery (PA)
catheters are routinely used in the management of
critically ill patients during septic shock, this adap-
tation may represent a widely available and uncom-
plicated adjunct to hemodynamic monitoring. More-
over, RVEF determinations can easily be repeated at
any time along with other pressure and flow measure-
ments, The RVEF values obtained by thermodilution
correlate well with values obtained by other tech-
niques (14-17), although the normal values are
usually lower, probably because of a catheter-mount-
ing effect of the thermistor (18). Thermodilution
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RVEF measurements have recently been used to assess
RV function during various therapeutic interventions
in acutely ill patients (19-22).

During evaluation of these modified PA catheters
in a series of 127 critically ill patients consecutively
monitored in our Department of Intensive Care, we
observed that RVEF was significantly decreased in
septic shock and that this measurement represented a
valuable prognostic sign in these conditions.

PATIENTS AND METHODS

Patients

The study included 127 consecutive adult patients (77 men, 30
women) ranging in age from 19 to 86 years (mean 60 + 16 years) in
whom invasive monitoring with & PA catheter was deemed necessary
during their stay in our department of medico-surgical intensive care.
Sixty-six patients (52%,) left the department alive,

Patients were divided into four groups,

Group 1 included 56 septic patients who developed fever (T > 38.5°
C) and abnormal white blood count (above 13000/mm® or below
4000/mm’) in the presence of a documented source of sepsis or
bacteremia, The sources of bacteria recovered were lungs and pleura
in 22 patients, gut and biliary tract in 15 patients and other sources
in 8 patients, In 11 patients, blood cultures were positive, and several
sources of sepsis were considered.

Growp 2 included 32 patients with cardiac failure related to ad-
vanced cardiomyopathy (14 patients), complicated myocardial in-
farction (9 patients), recent CPR (5 patients) or after cardiac surgery
(4 patients).

Group 3 included 15 patients with pulmonary hypertension (mean
PA pressure > 20 mmHg (2.7 kPa)) in the absence of heart failure
or sepsis. This group included 8 patients with pulmonary edema due
to the adult respiratory distress syndrome (6 patients) defined by the
usual eritena (23) or to fluid overload (2 patients), 4 patients with
decompensated chronic obstructive pulmonary disease and 3 patients
with documented pulmonary embaolism.

Group 4 included 29 patients invasively monitored essentially for
difficult fluid management related to trauma, hemorrhage, extended
surgery or renal failure. These critically ill patients were taken as
controls because they did not present evidence of sepsis or cardiopul-
monary failure.

Five patients were included in more than one group when they
were monitored at clearly different times during their course.

Methods

Each patient was monitored with a modified PA catheter (Swan
Ganz catheter 93A-431 H-7.5 F, Edwards Laboratories, Santa Ana,
CA) equipped with a fast response (50 ms) thermistor, a modified
proximal lumen ending in a 3-hole port at 21 cm from the catheter
tip, and two electrodes for intracardiac ECG recording. The use of
this catheter has been approved by the institutional human study
committee. The PA catheter was inserted until the proximal lumen
ended in the right ventricle just below the tricuspid valve, and was
then withdrawn by 2-3 cm. The appropriate position of the tip of
the PA catheter was also controlled by a chest roentgenogram.

Thermodilution cardiac output (CO) was measured by successive
injections of 3 to 5 boluses of 10 ml cold (6-10°C) dextrose 59, in
water, via a closed system (Co-ser, Edwards Laboratorics), In pa-
tients treated with mechanical ventilation, bolus injections were in-
itiated at end-inspiration o improve the reproducibility of the
measurement (24) and also to minimize the influence of changes in
intrathoracic pressure on RVEF (25).

RVEF was measured by & modified algorithm based on exponenti-
al curve analysis, using a computer prototype (REF 1, Edwards
Laboratories). The catheter and the method used have recently been
described in detail elsewhere (15, 16). Measurements of CO and
RVEF immediately followed measurements of intravascular pressures
at end-expiration from a paper trace (recorder 7404 Hewlett Pack-
ard, Palo Alto, CA), using the mid-chest position as zero reference.
Stroke volume (SV) was calculated by dividing CO by heart rate
and RV end-diastolic volume (RVEDV) by dividing SV by RVEF.
RV end-systolic volume (RVESV) was then obtained by subtracting
SV from RVEDV.

In total, 435 measurements were performed in the 127 patients.
Two thirds of the measurements (294) were obtained during mechan-
ical ventilation. In Group 1, 211 measurements were obtained, in-
cluding 93 measurements (Group la) obtained during circulatory
shock characterized by the association of hypotension (systolic blood
pressure below % mmHg (12 kPa)), oliguria (urine output below
20 mi/h) and lactacidemia (arterial lactate concentration above 2
mmol/l), and |18 measurements (Group Ib) obtained in the absence
of signs of circulatory shock.

Totals of 112, 50 and 62 measurements were obtained in Groups
2, 3 and 4, respectively.

Results were analyzed by analysis of variance (ANOVA) and
Student's t-test for paired (comparison between similar patients) or
unpaired (comparison between different groups of patients) data.
The Bonferroni adjustment was used when several groups were com-
pared. All data are presented as mean +s.d.

RESULTS

In the 56 septic patients, RVEF was significantly lower
in the presence than in the absence of circulatory
shock (23.8 + 8.2 vs 30.3 + 10.1%,, P<0.01, Fig. 1). In
septic shock, the lower RVEF was associated with
lower stroke volumes and higher RV end-systolic vol-
umes (Table 1). As expected, arterial pressure was
significantly lower in septic shock. However, pulmon-
ary artery pressures and right atrial pressures were
only slightly lower in the presence than in the absence

GROUP 1 GROUP2  GROUP3  GROUP
SEPTIC  SEPSIS  CARDIAC  PULMONARY "CONTROL'
SHOCK FAILURE  HYPERTENSION
” : . P <007
40, P 4 p<a 0l
n ] "l
S
m 4
104
]
o
04

IN=62)

(N=112)

(N=93)

(N=50)

Fig. 1. Mean ( + s.d.) thermodilution right ventricular cjection frac-
tions (RVEF) measured in the four groups of patients. The number
of measurements is indicated in parentheses.
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of septic shock (Table 1). When compared to the 29
control patients, septic patients without signs of circu-
latory shock had significantly higher RV end-systolic
and end-diastolic volumes, but their RVEF was not
significantly depressed. Pulmonary artery pressures
were significantly elevated in all septic patients (Table
1).

Signs of septic shock resolved in 14 patients, whose
RVEF increased from 25.0+7.6 to 29.8+8.59,
(P<0.05) after resolution of the shock state. On the
other hand, in 7 septic patients monitored during the
development of septic shock, RVEF dramatically de-
creased from 35.1 + 9.8 to 24.2 + 10,49, (P<0.01).

As anticipated, RVEF was significantly reduced in
the 47 patients with cardiac failure or pulmonary hy-
pertension related to other causes. In these groups
RV end-systolic and end-diastolic volumes were both
increased, but stroke volume was significantly de-
pressed only in patients with cardiac failure (Table |
and Fig. 1).

In septic shock, RVEF also had a prognostic value,
since the initial RVEF was 27.8 + 8.6%, in the 11 pa-
tients who were ultimately discharged but only
20.9 + 6.79, in the 23 patients who died from protract-
ed sepsis (P<0.02). Initial RVEF was above 259, in
8 of the 11 patients who were discharged alive from
the intensive care unit, but only in 5 of the 23 fatalities
(P<0.01). The other hemodynamic parameters did
not have a similar predictive value (Fig. 2).

DISCUSSION

The present study explored the usefulness of routine
RVEF measurement by the thermodilution technique,
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Fig. 2. Initial values of mean arterial pressure, mean pulmonary
arterial pressure, cardiac index and right ventricular ejection fraction
in patients in septic shock, including 11 ultimate survivors (open
columns) and 23 fatalities (shaded columns).
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especially in septic patients requiring PA catheteriz-
ation for their intensive care management. The design
of the study had inherent limitations. First, categoriza-
tion of patients with diverse underlying conditions
is arbitrary in nature. Secondly, various therapeutic
interventions can influence RV function and RVEF.
Thirdly, the control group did not represent normal
individuals, as these patients could have right ven-
tricular dysfunction associated with their ongoing dis-
ease process. In these control patients, RVEF was
decreased below the normal value of 40 to 45%, (15).
In view of these limitations, the present study must be
considered as a preliminary evaluation of RVEF in
septic patients.

RVEF is an index of right ventricular function,
which is influenced by contractility, afterload and to
a lesser extent by preload (10, 11). There is a negative
correlation between RVEF and pulmonary artery
pressures or pulmonary vascular resistance (10, 11, 15,
16), which is related to the great sensitivity of the right

Table |
Hemodynamic data in the four groups of patients (mean +s.d.).
Group | Group 2 Group 3 Group 4

Septic shock (a) Sepsis (b) Heart failure Pulm. hypertens. “control”
N 93 118 112 50 62
RVEF, %, 23.8+8.2%% 30.3+10.1 18.7 +7.0% 25.0 + 7.6* 325471
SI, ml/M? 29.0 + 10.5%¢ 3724135 23.5+9.1* 3384129 343+ 125
ESVI, mi/M? 104 + 43%1 88 + 34 115 4 50¢ 111 £55¢% 73+30
EDVI, ml/M* 135 + 48* 125 + 36% 141 + 62¢ 143 £ 55* 107 + 38
AP, mmHg 68 4+ 16%¢ 79+ 14 81+19 94 + 15¢ 83+ 18
(kPa) (9.1+£2.1) (10.5+ 1.9) (108+25) (125 42.0) (11.1+£24)
PAP, mmHg 256+8.0* 27.44+83* 27.5+7.6% 25.1 £5.7* 18.5+6.6
(kPa) (34+1.1) (3.7+11) (3.7:1.0) (3.3+0.8) (25+09)
RAP, mmHg 11.94 5.8 13.1+6.7* 13.1 + 6.4 12,1 £5.8* 7.7+42
(kPa) (1.64+0.8) (L.7+£0.9) (1.7£09) (1.6+08) (1.0+0.6)
PAOP, mmHg 12.7 + 4.8* 13.6+5.7* 16.0 + 5.5 13.6 +5.2¢ 94+42
(kPa) (1.7+0.6) (1.8 +0.8) (2.1£0.7) (1.8+0.7) (1.3 +0.6)

* P<0.05 from Group 4. + P<0.05 between Group la and 1b.

RVEF: right ventricular ejection fraction; SI; stroke index; ESVI: end-systolic volume index;
EDVI: end-diastolic volume index; AP: mean arterial pressure; PAP: pulmonary arterial pressure; RAP: right atrial pressure;

PAOP: pulmonary artery balloon-occluded pressure.
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ventricle to an increase in afterload.

Both a decrease in myocardial contractility and an
increase in RV afterload are common in severe sepsis.
Various experimental and clinical studies have indi-
cated that myocardial depression can occur early dur-
ing the course of septic shock (1-5). The causes can be
intracardiac ionic and fluid disturbances, altered coron-
ary blood supply, and circulation of cardiodepressant
substances (5, 26). Also common in severe sepsis is pul-
monary hypertension, which has been related to the re-
lease of bacterial toxins and the activation of various
mediators with secondary vasoconstriction and forma-
tion of microthrombi in the pulmonary vasculature
(6-9, 11). Severe pulmonary hypertension can also be
associated with myocardial depression, possibly by al-
tering RV coronary perfusion (11).

Interestingly, no significant RV impairment was ob-
served during sepsis in the absence of circulatory
shock, even though these patients also had elevated
pulmonary artery pressures. Hence, the increased RV
afterload was counterbalanced by an enhanced con-
tractility, probably related to a high sympatho-ad-
renergic influence (27).

The present results confirm previous data using
RVEF measurements by radionuclide techniques in-
dicating that RV function could be significantly de-
pressed in patients with septic shock (12, 13). In the
present study, sequential observations showed that
RVEF significantly decreased when septic shock de-
veloped. Serial measurements of RVEF also indicated
that RV function improved in survivors. This was
previously suggested by Hoffman et al. (12) in a lim-
ited number of observations. A progressive increase in
LVEF in survivors from septic shock was also observed
by Parker et al. (3).

Our present data further indicate that the initial
RVEF already has a prognostic value in septic shock.
This has not been observed with measurements of
LVEF in septic shock patients (3), probably because
profound sepsis is also associated with more severe
peripheral alterations (29), so that the effects on left
ventricular function of an altered contractility and a
reduced left ventricular afterload can counterbalance
each other. In contrast, both pulmonary hypertension
and myocardial depression have been directly related
to the severity of sepsis (8, 9, 28). In the present study,
however, pulmonary hypertension was similar in sur-
vivors and non-survivors, so that a more severe myo-
cardial depression was the essential factor accounting
for the lower RVEF in the fatalities,

In contrast to measurements of ejection fraction by
radionuclide techniques, RVEF measurements by the
thermodilution technique have the advantage of being
very simple, convenient and inexpensive. Moreover,

they can be repeated at any time with each cardiac
output measurement. Determinations of RVEF with
these modified PA catheters might have therapeutic
applications in the guidance of fluid infusion, drug
administration, or ventilator therapy (19-22).

The present study indicates that the RV function is
altered early in the course of septic shock and that
RVEF measurement has a prognostic value in these
conditions. Since RVEF can easily be monitored by
the thermodilution technique, it can represent a useful
adjunct to hemodynamic monitoring in critically ill
patients.
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