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Effects of terlipressin on systemic
and regional haemodynamics

in catecholamine-treated
hyperkinetic septic shock

Abstract Objectives: To determine
the effects of an intravenous bolus
dose of a vasopressin analogue, ter-
lipressin (1 mg), on systemic
haemodynamic parameters and gas-
tric mucosal perfusion (GMP) in
patients with catecholamine-treated
septic shock using a gastric tonome-
try and laser-Doppler flowmetry
technique. Design: Prospective open
label study. Settings: Two multidis-
ciplinary intensive care units. Pa-
tients: Fifteen patients with
norepinephrine-treated septic shock.
Interventions: Every patient with
mean arterial pressure between 50
and 55 mmHg treated with high dose
norepinephrine received an intrave-
nous bolus dose of terlipressin as last
resort therapy. A laser-Doppler probe
and tonometer were introduced into
the gastric lumen. Measurements and
main results: Terlipressin produced a
decrease in cardiac output (p<0.05), a
progressive increase in mean arterial
pressure (p<0.05) and in GMP, de-
tected by laser-Doppler flowmetry
(p<0.05) over 30 min and sustained
for at least 24 h. The ratio of GMP to
systemic oxygen delivery increased
after terlipressin bolus dose (p<0.05).
The gradient between gastric mucosal
and arterial PCO, tended to be lower
after terlipressin, and the difference

was statistically significant (p<0.05)
after 8 h. Terlipressin administration
significantly increased (p<0.05) urine
output compared to baseline and
higher values were found at each set
of measurement. The terlipressin-in-
duced increase in urine output was
associated with a significantly in-
creased creatinine clearance
(p<0.05). Reduction of the high-dose
norepinephrine was observed in all
patients (p<0.05). Conclusions: Our
findings showed that, in patients with
norepinephrine-treated septic shock,
terlipressin increased GMP, urine
output and creatinine clearance by an
increase in mean arterial pressure.
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Introduction

Septic shock is characterised by decreased peripheral
vascular resistance, impaired distribution of blood flow
and oxygen extraction with normal or improved oxygen
delivery. Altered peripheral resistance in septic shock
could result in redistribution of cardiac output (CO) with
the risk of hypoperfusion of the splanchnic organs. A
combination of vasodilatation and pronounced vascular
hyporeactivity to conventional vasopressor treatment with
high dose norepinephrine often result in resistant hypo-
tension. The discovery of vasopressin deficiency and
hypersensitivity in septic shock in humans has suggested
a new treatment in norepinephrine-resistant hypotension
[1, 2]. The haemodynamic effects of vasopressin have not
been studied extensively in endotoxic and septic shock [3,
4,5,6,7,8,9]. Vasopressin induces an increase in mean
arterial pressure (MAP) and a decrease in CO mainly
linked to a negative chronotropic effect [10]. For this
reason infusion of low-dose vasopressin might be useful
in norepinephrine-resistant septic shock. However, re-
bound hypotension often occurs when the drug is
discontinued and vasopressin has to be administered for
several days [11].

Terlipressin, a synthetic analogue of vasopressin, has a
half-life of 6 h and its effects occur via vascular Vla
receptors and renal tubular V, receptors [12]. In addition
to its effects on microvascular blood flow, terlipressin
also reduces CO via reflex mechanisms, mediated through
central nervous Vy, receptors. The fall in CO and the
potent vasoconstrictor response on splanchnic macro- and
micro-circulation may cause, or at least worsen, gut
mucosal ischaemia.

The goal of this study was to evaluate the effects of an
intravenous bolus dose of terlipressin on gastric mucosal
perfusion (GMP), using laser-Doppler flowmetry and
gastric tonometry, in patients with norepinephrine-treated
septic shock.

Materials and methods
Patients

The study protocol was approved by the local institutional ethics
committee. Informed written consent was obtained from the closest
relative of each patient.

Fifteen critically ill patients were enrolled in the study (ages
63+12 years, male/female ratio 10:5). All patients had clinical and
laboratory parameters that fulfilled the criteria of septic shock [13].
The Acute Physiology and Chronic Health Evaluation II score was
27 (range 25-30). We included only patients with septic shock
whose hypotension (mean arterial pressure 51+1.5 mmHg) failed to
respond to vasopressor support associated with volume resuscita-
tion (pulmonary artery occlusion pressure [PAOP] 14 mmHg).
Vasopressor support was defined as: 0.6 ug/kg per min or more of
norepinephrine for at least 36 h. The clinical characteristics of the
study group are summarised in Table 1. Each patient was
mechanically ventilated and sedated with continuous intravenous
sufentanil and midazolam. Exclusion criteria were: pregnancy,
present or suspected acute coronary artery disease, present or
suspected acute mesenteric ischaemia or vasospastic diathesis.

Parameters investigated
Systemic haemodynamic and oxygenation parameters

Clinical monitoring of the patients included a pulmonary artery
catheter (7.5 Fr, Arrow International, Reading, PA, USA) and a
radial artery catheter. MAP, right atrial pressure (RAP), mean
pulmonary arterial pressure (MPAP) and PAOP (Solar M8000,
Marquette Hellige Medical System, WI, USA) were measured at
end expiration. Heart rate (HR) was analysed from a continuous
recording of electrocardiogram with ST segments monitored. CO
was measured by thermodilution (Solar M8000, Marquette Hellige
Medical System, WI, USA). Arterial and mixed venous blood
samples were withdrawn for the measurement of PaO,, PaCO, and
arterial lactate concentrations. Arterial oxygen delivery index and
oxygen consumption index were calculated from standard formulas.
Urine samples were collected to assess urine output volume and
creatinine clearance.

Table 1 Patients’ characteris-

. Patient Gender Age Diagnosis Documented APACHE II  Norepinephrine
tics (years) infection at baseline

(ugrkg per min)

1 M 56 Pneumonia Gram-positive 26 0.7

2 M 51 Pneumonia Gram-positive 25 0.8

3 M 55 Pneumonia Gram-positive 24 0.6

4 M 75 Peritonitis Gram-negative 27 0.7

5 F 56 Bacteraemia Gram-positive 28 0.7

6 M 61 Peritonitis Gram-negative 25 0.7

7 F 57 Pneumonia Gram-positive 30 0.6

8 F 68 Peritonitis Gram-negative 30 0.6

9 M 59 Pneumonia Gram-positive 28 0.8

10 M 55 Bacteraemia Gram-positive 24 0.6

11 F 59 Pneumonia Gram-negative 26 0.7

12 M 60 Mediastinitis Gram-negative 27 0.7

13 F 52 Pneumonia Gram-negative 25 0.7

14 M 53 Peritonitis Gram-negative 26 0.6

15 M 58 Peritonitis Gram-negative 25 0.6




599

Gastric mucosal parameters

Gastric mucosal perfusion was evaluated by a laser-Doppler
technique flowmeter (Periflux System 5000, Perimed, Stockholm,
Sweden), using a gastric probe for the measurement of GMP (P
424, Perimed, Stockholm, Sweden), and by tonometer (Tonocap,
Datex-Ohmeda Division Instrumentarium, Helsinki, Finland) al-
lowing measurement of gastric mucosal PCO,.

The gastric probe was inserted via the naso- or oro-gastric route.
The correct position of the gastric probe in the lumen of the
stomach was confirmed by X-rays. The laser-Doppler flowmetry
signal was considered as reliable when pulse waves and respiratory
synchronous fluctuation could be identified and were free of motion
artefacts. The output signal from the flowmeter was continuously
monitored on a computer using the Perisoft software (Perimed,
Stockholm, Sweden). The software enabled the performance of
continuous monitoring as well as the acquisition and processing of
the laser-Doppler signal for the duration of the protocol, with a
period of 240 s at each set of measurements to average the laser-
Doppler flowmetry values over this period.

Because the data of GMP were measured in arbitrary units
(perfusion units: PU), the results were expressed as a percentage of
change between the reference value, defined as the value at the
baseline, and each measurement. This was calculated according to
the following formula: GMP % = (measured value — baseline value/
baseline value). In addition, we calculated the ratio between the
absolute value of GMP and DO, (systemic oxygen delivery), which
may be considered as reflecting the fraction of total red cell flux
perfusing gastric mucosa [14].

We measured gastric mucosal PCO, using a naso-gastric
tonometer. The tonometer was inserted via the naso-gastric route
and its position in the stomach was confirmed by X-rays. The
gradient between gastric mucosal and arterial PCO; (AP,_,CO,) was
calculated as gastric mucosal PCO, minus arterial PCO,. Enteral
feeding was discontinued during the study and vacuity was ensured
by gastric aspiration. Histamine receptor antagonists were discon-
tinued during the study [15].

Experimental protocol

An initial set of measurements were taken. Afterwards, patients
received an intravenous bolus dose of 1 mg of vasopressin
analogue, terlipressin. After the intravenous bolus dose of terli-
pressin and during the protocol, the pre-study vasopressor agent
(norepinephrine) was titrated down to maintain MAP constant at a
level determined by the attending intensive care physician. A
continuous intravenous fluid infusion (hydroxyethyl starch 6%), at
a starting dose of 70 ml/h, was performed to maintain PAOP
constant during the protocol. All other medications were held
constant, dobutamine infusion (5 pg/kg per min) was not adjusted
and mechanical ventilator settings were not changed.

Measurements were performed at baseline and after the
intravenous bolus dose of terlipressin: at 30 min, at 1 h, at 2 h
and then every 2 h for a total of 10 h. At 24 h, at the end of the
study period, a final set of measurements were obtained to complete
the study. AP, ,CO, was calculated at baseline and after the
intravenous bolus dose of terlipressin: at 2 h and then every 2 h for
a total of 10 h and after 24 h. Urine samples were collected at
baseline, at 6 h, at 10 h and after 24 h to measure creatinine
clearance. Lactate concentrations were measured at baseline, at 6 h,
at 10 h and after 24 h.

Statistical analysis

All results are reported as means = SD. In order to evaluate the
behaviour of the variation over time of systemic, regional
haemodynamic and oxygenation parameters and gastric mucosal
parameters in the group studied, a Repeated Measures Analysis of

Variance was performed for all the quantitative variables, consid-
ering ‘time’ as the ‘within’ factor with nine levels (baseline,
30 min, 1 h, 2 h, 4 h, 6h, 8 h, 10 h and 24 h). All statistical analyses
were conducted using the “R” statistical package (version 1.7.0).

Results

There were no complications associated with either the
administration of terlipressin or the use of the laser-
Doppler flowmeter and gastric tonometer. Data are
summarised in Table 2 and Table 3 and shown in
Figs. 1, 2and 3. For each patient no statistical differences

10 1900
9 L 1700
8 4
L 1500 e
7T S
1300 3
61 @
£ L1100 @
£ 51 o
= Looo 3
4t Z
sl 700 3,
21 L 500
1L L 300
0 100
Q;\\Qz é\\(\ \0 "),‘\ ‘)&‘\ b‘(\ %‘(\ \Q‘(\ q,b:&\
& \\)
® ~

Fig. 1 Modification of cardiac index (CI) and systemic vascular
resistance index (SVRI) after intravenous bolus dose of terlipressin.
Values are expressed as means + SD; *p<0.05 versus baseline;
#p<0.05 versus 30 min
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Fig. 2 Modification of mean arterial pressure (MAP) and gastric
mucosal laser-Doppler perfusion expressed as arbitrary perfusion units
(PU), after intravenous bolus dose of terlipressin. Values are expressed
as means + SD; *p<0.05 versus baseline; #p<0.05 versus 30 min
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Fig. 3 Individual modifications of cardiac index (CI) after terli-
pressin administration

were found at different data collection times for PAOP,
pH, PaO,, PaCO, and haemoglobin concentration during
the protocol. This suggests that volume status and
ventilatory support were maintained constant. In patients
with peritonitis (n=5), intra-abdominal pressure was
normal. As compared with baseline values, after the
intravenous bolus dose of terlipressin the systemic
vascular resistance and pulmonary vascular resistance
increased significantly (p<0.05) over 30 min and for at
least 24 h. By contrast, as compared with baseline, CO
and HR were significantly lower (p<0.05) after 30 min
from the intravenous bolus of terlipressin and lower
values were found at each set of measurements. MAP,
laser-Doppler GMP and the ratio of GMP to systemic
oxygen delivery significantly increased (p<0.05) over
30 min and were sustained for at least 24 h.

Compared to baseline values, after the intravenous
bolus dose of terlipressin, the AP, ,CO, value was
significantly lower (p<0.05) at 10 h and after 24 h, and
arterial lactate concentrations were significantly lower
(p<0.05) at 6 h, 10 h and after 24 h.

After 1 h, terlipressin administration significantly
increased (p<0.05) urine output compared to baseline,
and higher values were found at each set of measure-
ments. The terlipressin-induced increase in urine output
was associated with a significantly increased creatinine
clearance (p<0.05). After the intravenous bolus dose of
terlipressin, the norepinephrine infusion was progressive-
ly decreased from 0.7+0.05 pg/kg per min pre-study to
0.1+0.08 (p<0.05) at 24 h while maintaining the same
MAP.

Discussion

In the present study, we demonstrated that the adminis-
tration of an intravenous bolus dose of terlipressin in
patients with norepinephrine-resistant septic shock in-
creased the GMP, as assessed by laser-Doppler flowme-
try, by increasing MAP.

Methodological consideration

The laser-Doppler flowmetry was closely correlated with
other flow-measuring techniques [16, 17, 18]. However,
with reference to data interpretation, it is important to
take into account the limitations of laser-Doppler
flowmetry. Firstly, the laser-Doppler measurements were
recorded from a tissue area of only a few square
millimetres (2-4 mm?) and at a 1 mm?® penetration depth,
(tissue volume) using a 780 nm laser diode with 250 um
separation between optical fibres. A second limitation is
the difficulty of maintaining optical coupling between the
laser-Doppler probe and gastric mucosa. This is partic-
ularly important because, for each set of measurements, it
is necessary to ensure the study of the same tissue
volume.

However, considering its technical features and as
observed by others authors [19], the P 424 probe detects
perfusion of gastric mucosa. Furthermore, the weight and
the dimension of the tip of the P 424 probe make it
possible to maintain the probe in a stable position in the
gastric lumen for the duration of the protocol. Continuous
monitoring of the laser-Doppler signal on a personal
computer using the Perisoft software in the 15 patients of
the protocol showed no loss of contact between the tip of
the probe and the gastric mucosa. Finally, AP,,CO, was
not calculated at 30 min and at 1 h, to avoid any
measurement errors associated with the intragastric
balloon equilibration times.

Systemic haemodynamic and gastric mucosal parameters

Vasopressor treatments play an important role in the
therapeutic management of severe septic shock. Vasodi-
latation and vascular hyporeactivity to conventional
treatment with high-dose norepinephrine often result in
resistant hypotension. Vasopressin, an endogenous hor-
mone produced in the hypothalamus, is released in
response to hypovolaemia and hypotension. In fact,
plasma concentrations of vasopressin were significantly
higher during cardiogenic and hypovolaemic shock [20,
21, 22, 23, 24]. These high concentrations maintain
arterial blood pressure through the activation of Vi,
receptors on vascular smooth muscle [21, 23] producing
potent vasoconstriction. The discovery made by Landry
and co-workers [1, 2] of the vasopressin deficiency and
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hypersensitivity in septic shock in humans provided the
rationale for the use of vasopressin in severe septic shock
[25]. However, discontinuation of vasopressin results in
rapid hypotension, requiring immediate resumption of the
treatment or increase in norepinephrine [11].

It is unclear whether terlipressin is harmful to the
splanchnic circulation in septic shock. In our study, after a
bolus dose of terlipressin, despite the restoration of MAP,
we observed a significant fall in cardiac index due to a
decrease in heart rate since the systolic ejection volume
did not change; this result is not in accordance with
previous findings [1, 2]. The fall in CO, associated with
the potent vasoconstriction [26, 27, 28, 29] after vaso-
pressin or terlipressin administration, could cause or at
least worsen sepsis-related alterations in organ function.
However, patients with severe septic shock generally
have high CO and low systemic resistances. In all the
patients enrolled in our study we observed a high CO at
baseline: after 30 min from terlipressin administration we
observed an increase in MAP and a decrease in CO. Since
these findings were not associated with modifications in
RAP and PAQP, the fall in CO may be related to a blood
flow redistribution effect of terlipressin.

It is not known whether the terlipressin-induced shift
in blood flow from muscle, skin and gut towards brain
and myocardium has deleterious effects for the splanchnic
region and whether this may lead to multiple organ failure
once spontaneous circulation has been re-established.
This terlipressin-induced redistributive effect could be
beneficial only when the fall in CO is limited by the
presence of the high-output state characterising severe
septic shock. In this case, as shown in our study,
terlipressin increased MAP without producing harmful
effects on systemic haemodynamics. The key role of the
high-output state is in accordance with the work of Asfar
and colleagues; in their study, they observed improved
splanchnic haemodynamics without any detrimental ef-
fects on ileal micro-circulation in a fluid-challenged
endotoxic rat model [30] and this suggests that high CO
was maintained despite the increase in MAP. The main
finding of our study is the significant increase in GMP,
despite the fall in CO, observed after the intravenous
bolus dose of terlipressin. This hypothesis of an increase
in the fraction of total red cell flux perfusing the gastric
mucosa is also supported by the significantly high ratio
between GMP and DO, observed after terlipressin
administration.

The preliminary study of Auzinger and co-workers
showed a rise in AP, ,CO;, over 72 h [31]. In their
preliminary study, Klinzing and colleagues showed a
similar result in 12 septic patients [32]. In our protocol we
observed a decrease in AP, ,CO, at 8 h, at 10 h and at
24 h.

The lack of early significant changes in mucosal
hypercarbia, despite the observed rapid changes in GMP,
might be related to the severity of our patients’ illnesses

or, as has been reported by previous studies, by a
malperfusion in gastric and intestinal mucosa. An
increase in mucosal oxygen availability should induce
simultaneously a decrease in anaerobic CO, production,
an increase in mucosal venous CO, washout and a
restoration of aerobic metabolism. This could limit the
magnitude of the decrease in mucosal hypercarbia due to
the decrease in anaerobic CO, production and to the
increase in CO, washout [33]. In addition, during gastric
mucosal hypoxia states, modification of AP, ,CO, and
gastric mucosal blood flow could not be present at the
same time. Hence, the initial AP,_,CO, response to a rapid
increase in mucosal blood perfusion could be limited if
compared with GMP evaluated by laser-Doppler tech-
nique.

The additional finding of the study is that the
administration of terlipressin increased urine output and
creatinine clearance. Vasopressin and its analogue terli-
pressin, increase resistance in efferent glomerular arteri-
oles but have no effect on afferent glomerular arterioles.
Hence, for the same MAP, replacement of norepinephrine
with terlipressin may result in increased perfusion pres-
sure and in an elevated glomerular filtration rate because
of the beneficial vasoconstriction of efferent arterioles
and the relative vasodilatation of afferent arterioles [34].

Finally, high-dose norepinephrine has several potential
side effects, including increased tissue oxygen demand
[35] and decreased renal and mesenteric blood flow [36].
Thus, it is conceivable that the principle of removing or
decreasing the high dose of vasopressor agents as
promptly as possible in the presence of adequate blood
pressure may limit the potential side effect without
compromising organ perfusion. After a single bolus of
terlipressin, all patients included in our study showed an
increase in MAP, allowing reduction of high-dose
norepinephrine, that was sustained at least 24 h, as was
observed in previous studies [37]. Like O’Brien and co-
workers [38], we are not able to explain the efficacy of a
single bolus of terlipressin in our patients. This could be
partially explained by the fact that a single dose might
restore vascular reactivity and the sensitivity to endoge-
nous and exogenous catecholamine. Another hypothesis
could be the marked increase in serum arginine vaso-
pressin (AVP) levels after bolus dosing in contrast to a
continuous infusion. As reported in the recent paper by
Sharshar and co-workers, plasma vasopressin levels
almost always increase in the initial phase of septic
shock and decrease afterwards. Relative vasopressin
deficiency is seen in approximately one-third of late
septic shock patients [39]. However, this aspect remains
open to speculation, and the serum AVP levels before and
after the treatment with terlipressin should be addressed in
further studies.

This study has a number of limitations. Firstly, we did
not investigate a control group because terlipressin
administration was considered as a therapy of last resort
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and we chose to focus our attention on indices of
haemodynamic stability and measures of organ perfusion.
Since it is an open label design with no control group, we
cannot be sure that the observed effects are only the
consequence of the administration of terlipressin or, in
part, a time-effect with favourable evolution of the
patients. Thus, these data do not address the issue of
whether terlipressin increases survival of in patients with
septic shock compared with conventional catecholamine
therapy. Secondly, our sample size was limited to 15
patients. We chose this sample size to address adequately
the current physiological hypotheses. A much larger
sample size will be required to demonstrate a survival
benefit.

In conclusion, our study showed that administration of
an intravenous bolus dose of terlipressin to patients with

norepinephrine-treated septic shock increases GMP as
assessed by laser-Doppler flowmetry. This result could be
explained by a positive redistribution effect of CO on
hepatosplanchnic macro- and micro-circulation, resulting
in an increase of blood flow towards mucosa. An
important effect of a bolus dose of terlipressin may be
that it reduces the norepinephrine dose and thereby
reduces the detrimental effects of high-dose norepineph-
rine. Terlipressin spares conventional vasopressor use in
septic shock without compromising organ perfusion. Our
findings provide evidence that the fall in CO in the high-
output state after terlipressin is entirely in keeping with
the increase in blood pressure achieved and is a positive
response during severe septic shock. A properly powered,
randomised, controlled trial with survival as primary end
point, is required.
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