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Isoproterenol infusion
and microcirculation in septic shock
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ABSTRACT

Introduction: Our study primarily aimed at investigating the effect of isoproterenol infusion on tissue oxygen
saturation in patients with septic shock. The secondary aim was to assess the relation between cardiac index,
central venous oxygen saturation and tissue oxygen saturation.

Methods: This retrospective study was conducted from December 2010 to March 2012. We included 14 con-
secutive patients with septic shock treated with isoproterenol. All patients were monitored by cardiac index and
tissue oxygen saturation. From medical charts, routine hemodynamic data were extracted one hour before and
six hours after the onset of isoproterenol infusion.

Results: From baseline to H6, tissue oxygen saturation levels rise from 78 [72-82] % to 85 [78-88] % (p=0.03).
Isoproterenol infusion was associated with an increase of central venous oxygen saturation (from 67 [65-74] %
to 84 [77-86] %, p=0.02) and cardiac index (from 2.9 [2.7-3.1] L/min/m? to 3.9 [3.0-4.4] L/min/m2, p=0.006).
Tissue oxygen saturation was correlated neither to cardiac index (p=0.14, R2=0.08) nor to central venous
oxygen saturation (p=0.19, R2=0.10).

Conclusions: Use of isoproterenol was associated with an increase of tissue oxygen saturation. This increase
was not correlated to cardiac index, suggesting a decoupling between macrocirculation and microcirculation.
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INTRODUCTION

Septic shock is characterized by an im-
pairment of microcirculation with reduced
capillary density and impaired blood flow
(1-3).

Near-infrared spectroscopy is one of the
technologies available for exploring mi-
crocirculation. This technology allows a
noninvasive monitoring for vessels with a
diameter of less than 1 mm. Near-infrared
light (600-800 nm) easily crosses biolog-
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ic tissues and is absorbed by hemoglobin,
myoglobin, and oxidized cytochrome, as de-
scribed in another study (4).

In septic shock, tissue oxygen saturation
below 78 % was associated with increased
mortality (5). Norepinephrine administra-
tion increases mean arterial pressure higher
above 65 mmHg and it was associated with
improved microcirculation variables (6).
The use of a positive inotrope resulted in
conflicting findings. On the one hand, ad-
ministration of dobutamine at a low dosage
was associated with improved capillary per-
fusion (7) while, on the other hand, micro-
circulation was improved only in patients
with severe hemodynamic disturbances (8).
Thus, it is unclear whether or not the ef-
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fect was independent of macrocirculation.
Isoproterenol is a synthetic catecholamine
with only beta-adrenergic stimulating ef-
fects. In septic shock patients with myocar-
dial dysfunction, isoproterenol was associ-
ated with improvement of hemodynamics
and oxygen variables (9). As isoproterenol
is a more potent vasodilator than dobuta-
mine (10), its use could be associated with
changes of microcirculation. The first aim
of our study was to investigate the effect of
an infusion of isoproterenol on tissue ox-
ygen saturation (StO,) in septic shock pa-
tients. The secondary aim was to assess the
relation between cardiac index, central ve-
nous oxygen saturation (ScvO,) and StO,.

METHODS

Patients. From December 2010 to March
2012, we conducted a retrospective study in
a 15-bed intensive care unit (ICU) of a 968-
bed university hospital (Hopital Nord, Mar-
seille, France). As it was an observational
retrospective study, according to the French
Legislation (articles L.1121-1 paragraph 1
and R1121-2, Public Health Code), neither
informed consent nor approval of the ethics
committee was needed to use routine data.

We retrospectively examined the medical
charts of 81 patients with septic shock re-
quiring isoproterenol. All patients admit-
ted for septic shock were treated according
to the Surviving Sepsis Guidelines 2008,
excepting for the use of positive inotrope
agent (11). The initial fluid therapy was
guided by dynamic preload indices. Norepi-
nephrine infusion was targeted to achieve
at least mean arterial pressure of 65 mmHg
and urine output over 0.5 mL/kg/h. Heart
rate, mean arterial pressure, pulse oximetry,
and end-tidal carbon dioxide were continu-
ously measured (Patient monitor Intellivue
MP 70; Philips, Andover MA). All mechan-
ically ventilated patients were sedated with

midazolam and sufentanil to target a Ram-
say score between 2 and 3.

In our ICU, isoproterenol was administered
instead of dobutamine, to patients in sep-
tic shock with myocardial dysfunction (9).
Dobutamine is recommended as the agent
of choice to increase cardiac output (11).
However, mechanisms of cardiac depres-
sion in septic shock patients are unrelated
to myocardial hypoperfusion, or coronary
vessels obstruction. Thus, isoproterenol is
possibly an alternative to dobutamine for
the treatment of sepsis-induced myocardi-
al depression in septic shock patients. In a
previous study we showed that infusion of
isoproterenol in septic shock patients was
safe (9).

The indication was based on a cardiac index
below 3 L/min/m? or ScvO, below 70 %, de-
spite adequate fluid volume, arterial oxygen
saturation (SaO, >95%), hemoglobin (Hb
> 10 g/dL), and lack of agitation (Ramsay
score between 2 and 3). In routine, a trans-
thoracic echocardiography was performed
in all patients in order to confirm the myo-
cardial dysfunction (data not shown). At
the discretion of the senior physician, iso-
proterenol was used in patients with ongo-
ing signs of hypoperfusion despite adequate
resuscitation. Isoproterenol was introduced
at an initial rate of 0.04 pg/kg/min and in-
creased by 0.01 pg/kg/min according to the
cardiac index and ScvO, responses (with a
maximal dose of 0.15 pg/kg/min). All pa-
tients had an arterial catheter and a central
venous catheter placed through internal
jugular vein. ScvO, was measured by sam-
pling blood from the distal port of the cath-
eter.

Among the 81 patients requiring isoprotere-
nol, we selected the 45 patients equipped
with a semi-invasive hemodynamic moni-
toring (Picco-Plus monitor, Pulsion Medi-
cal Systems, Munich, Germany). Next, we
included the 14 consecutive patients where
the tissue oxygen saturation was monitored
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by using a tissue spectrometer (InSpec-
tra Model 325; Hutchinson Technology,
Hutchinson, MN). The near-infrared spec-
troscopy probe was placed on clean skin of
the thenar eminence. After a 3-min period
to stabilize the near-infrared spectroscopy
signal, the value of StO, was recorded. We
used probe spacing of 15 mm. A light-scat-
tering calibrator was used to normalize the
tissue spectrometer during startup of the
system and before each measurement. Sam-
ple measurement signals were updated ev-
ery 3.5 s. In our unit, this monitoring was
routinely used in patients with refractory
shock, at the discretion of senior physi-
cians.

Data collection. Demographic and clini-
cal data were collected from the medical
charts. Hemodynamic data were extracted
from medical charts. The following vari-
ables were collected: heart rate, mean ar-
terial pressure, ScvO,, StO,, urine output,
Sa0,, norepinephrine dosages, and posi-
tive end-expiratory pressure. In our charts,
we extracted data one hour before and six
hours after the onset of isoproterenol infu-
sion (collection period).

Statistics. We performed a descriptive anal-
ysis of the data and presented quantitative
variables as median and interquartile range
(IQR), and qualitative data as absolute
counts and percentages. Differences were
assessed using the appropriate statistical
tests (Wilcoxon rank sum test for quanti-
tative variables, and Fisher Test for qualita-
tive variables). All comparisons were two-
tailed and a p value < 0.05 was required to
exclude the null hypothesis.

RESULTS

Among the 14 included patients, the ICU
mortality rate was 64 % . The leading causes
of septic shock were pneumonia (n=6) and
intra-abdominal infection (n=35). Demo-

Table 1 - Baseline characteristics of the patients.

Variables Patients (n=14)
Sex (men) 12 (75)

Age (years) 67 [57-79]
SAPSII 51 [36-62]

SOFA score 10 [9-15]
Leucocytes (10°/L) 10.5 [4.4-12.5]
Hemoglobin (¢/dL) 10.1[9.0-13.3]
Creatinine plasma levels (pmol/L) | 104 [67-169]

SAPS I = Simplified Acute Physiological Score IT (measured at
the unit admission); SOFA = Sequential Organ Failure Assess-
ment (measured at the introduction of isoproterenol). Data are
presented as absolute counts (percentages) or median [IQR].

graphic data and severity scores are shown
in Table 1. Three patients (21%) required
renal replacement therapy.

On the day of isoproterenol infusion, the
median creatinine plasma concentration
was 104 [67-169] pmol/L, and the median
hemoglobin was 10.1 [9.0-13.3] ¢/dL (Ta-
ble 1). The median isoproterenol dose was
0.05 [0.035-0.12] pg/kg/min. All patients
survived more than 24 h after the onset
of isoproterenol infusion. One patient had
an atrial fibrillation in the hour after iso-
proterenol onset. He was successfully treat-
ed with amiodarone.

During the collection period, StO, levels rise
from 78 [72-82] % to 85 [78-88] % (p=0.03)
(Figure 1A). The baseline StO, level was be-
low 75 % in six (43 % ) patients. In these pa-
tients, the median StO, levels increased by
9.5%. In contrast, StO, increased only by
2% in the eight (57 %) patients with base-
line StO, levels above 75 %.

Isoproterenol administration was associat-
ed with cardiac index (2.9 [2.7-3.1] L/min/
m2 vs. 3.9 [3.0-4.4] L/min/m2; p=0.006)
(Figure 1B) and ScvO, (67 [65-74]% to
84 [77-86] % ; p=0.02) increase. Heart rate
increased from 97 [75-116] beats/min to
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Figure 1 - Microcirculatory and systemic changes before and after onset of isoproterenol. A: Oxygen
tissue saturation (StO2) at baseline (before) and H6 (after). B: Cardiac index (CI) at baseline (before)

and H6 (after).

119 [113-126] beats/min (p=0.002). Mean
arterial pressure, norepinephrine infusion
rate, Sa0O,, and positive expiratory pressure
remained unchanged before and after iso-
proterenol infusion (Table 2).

In order to discriminate the systemic effect

and the local effect of isoproterenol on mi-
crocirculation, a correlation was searched

between StO, and cardiac index as well as

StO, and ScvO,. There was no correlation

with cardiac index (p=0.14, R2=0.08) and
ScvO, (p=0.19, R2=0.10). The baseline

Table 2 - Hemodynamic and respiratory variables before and after (6h) isoproterenol infusion.

Variables Baseline H6 P
Mean arterial pressure (mmHg) 65 [62-67] 69 [67-72] 0.35
Heart rate (beats/min) 97 [75-116] 119 [113-126] 0.002
Cardiac index (L/min/m?2) 2.9 [2.7-3.1] 3.9 [3.0-4.4] 0.006
ScvO, (%) 67 [65-74] 84 [77-86] 0.02
Sa0, (%) 96 [95-97] 97 [96-97] 0.35
PaO,/FiO, ratio 230 [137-270] 230 [140-280] 0.56
Plasma lactate levels (mmol/L) 2.4 [1.7-4.9] 3.1[1.8-3.7] 0.38
Urine output (mL/h) 32 [11-57] 32 [2-79] 0.80
Norepinephrine (1g/kg/min) 0.19 [0.14-0.34] 0.35 [0.15-0.63] 0.18
Isoproterenol (ng/kg/min) - 0.05 [0.035-0.12] -
StO, (%) 78 [72-82] 85 [78-88] 0.03

Results are expressed as median and interquartile.
StO, = oxygen tissue saturation; ScvO, = central venous oxygen saturation; SaO, = oxygen arterial saturation PaO,/FiO, =

oxygen arterial pressure/inspired fraction of oxygen ratio.
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StO, level and its variation did not differ
between survivors and non-survivors.

DISCUSSION

In the present study, we showed that infu-
sion of isoproterenol in patients with septic
shock was associated with an improvement
of microcirculation. Due to the lack of cor-
relation between cardiac index, ScvO, and
StO,, our findings suggest that microcircu-
lation and macrocirculation were decou-
pled in those patients.

In septic shock, the goal of positive inotrope
administration is to correct the unbalance
between oxygen delivery and oxygen con-
sumption. In our study, we confirmed that
isoproterenol is efficient to improve hemo-
dynamic parameters (9). An atrial fibrilla-
tion requiring amiodarone occurred in only
one patient. This rate (7.1%) is similar to
what was reported in a large cohort of pa-
tients with septic shock (12). Although iso-
proterenol was not associated with an ex-
cess of arrhythmia, the heart rate increase is
a side effect that deserves to be considered,
with regard to the recent findings about
heart rate control in septic shock (13).
Microcirculation is partially dependent
of systemic hemodynamics. In a previous
study, correction of mean arterial pressure
with increasing dose of norepinephrine
was associated with improvement of StO,
(6). Here, despite a mean arterial pressure
above 65 mmHg, ScvO, or peripheral per-
fusion was still considered as inadequate.
This justified the introduction of iso-
proterenol. This treatment was associated
with an increase of StO,. Hence, microvas-
cular vessels were probably recruited with
improvement in microcirculation, effect
that can be related to a systemic mecha-
nism: the increase in cardiac index. Howev-
er, as reported elsewhere, cardiac index was
not correlated to StO, (5, 12). This finding

suggests a peripheral misuse of oxygen, as
reported elsewhere (3). Plasma lactate lev-
el also tended to increase during the study
period, fact that may be partly related to
reperfusion.

Previous studies underlined that dobuta-
mine acts on microcirculation independent-
ly of its systemic effect (7). Moreover, the
vasodilatory effect of isoproterenol can
have a key role in the microcirculation re-
cruitment, as isoproterenol exerts effects
on both beta-1- and beta-2-adrenergic stim-
ulating receptors. Compared with dobuta-
mine, its potent effect on beta-2 adrenergic
receptors confers a theoretical advantage in
terms of microcirculation recruitment (14).
Thus, isoproterenol possibly acts on micro-
circulation independently of the systemic
response.

Regarding microcirculation, there is a need
to compare the different positive inotropes.
A randomized clinical trial showed that
infusion of levosimendan was more effi-
cient than that of dobutamine in order to
improve sublingual microcirculatory blood
flow (15). Our findings suggest that future
studies should compare isoproterenol to
other inotropes.

Our study has several limitations. First, as
it is an observational study, a time effect
cannot be excluded. However, it would be
surprising that the correction of myocardial
dysfunction occurred in all patients during
the study period. Second, the mortality rate
is high. Nevertheless, it is similar to previ-
ous studies (9, 13). Third, the number of
patients is small. For this reason, we did not
exclude the patients requiring renal replace-
ment therapy. This heterogeneity may have
affected the results. Fourth, fluid respon-
siveness of our patients was assessed us-
ing dynamic indices. According to a recent
study (16), only 2% of patients admitted to
ICU can be evaluated with dynamic indices
of fluid responsiveness for hemodynamic
status according to the inclusion and exclu-
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sion criteria. This is probably a limitation.
In routine, we measured dynamic indices in
patients fulfilling nearly all required condi-
tions.

One can note that only 45 (55 %) out of 81
patients treated with isoproterenol were
equipped with a monitor measuring dy-
namic indices. Fifth, we did not perform a
vascular occlusion test, as reported in sev-
eral publications (17-19). The vascular oc-
clusion test serves to assess little changes at
the level of microvessel reactivity. However,
in the present study, the use of isoprotere-
nol was associated with significant change
in the absolute value of StO,.

CONCLUSION

In our septic shock patients, isoproterenol
infusion was associated with an enhance-
ment of both StO, and cardiac index. The
microcirculation recruitment may result
from an increase in oxygen delivery, but
also from a direct effect of isoproterenol.
Future clinical trials are required to con-
firm these retrospective findings.
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