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O Abstract—Background: Recent clinical data suggest
that treatment with terlipressin (TP) may be more
advantageous for septic shock than catecholamines. How-
ever, it is unknown whether TP would be effective for
acute respiratory distress syndrome (ARDS) patients
with shock. Objectives: The aim of this study was to com-
pare the impact of TP vs. dopamine on hemodynamic vari-
ables and vascular endothelial growth factor (VEGF) in
ARDS patients with shock. Methods: We studied 32
ARDS patients with shock despite fluid loading, who
were randomized to receive TP (16 patients) or dopamine
(16 patients). TP was administered as a continuous intra-
venous dose of 1.3 ug/kg/h and dopamine was adminis-
tered in doses up to 20 ug/kg/min to maintain a mean
arterial pressure of 70 + 5 mm Hg for 48 h. Hemodynamic
changes, ratio of partial pressure of arterial oxygen to
fraction of inspired oxygen (PaO,/FiO,), and VEGF
were recorded prospectively. Results: There was a signifi-
cant correlation between the plasma VEGF level and the
lung injury score at baseline (r = 0.387, p < 0.01). VEGF
concentrations significantly decreased from baseline levels
in the TP group (p < 0.05) at 48 h; there was no difference
in the dopamine group (p > 0.05) at 48 h vs. baseline. There
was no significant difference in the tumor necrosis factor-
a concentration between the groups. Conclusions: TP
treatment has the potential to inhibit VEGF and improve
oxygenation in patients with shock in the early stage
of ARDS. © 2013 Elsevier Inc.

[0 Keywords—acute respiratory distress syndrome; vascu-
lar endothelial growth factor; oxygenation; terlipressin;
dopamine

INTRODUCTION

Sepsis is an important risk factor for acute respiratory
distress syndrome (ARDS). ARDS is characterized by
increased pulmonary permeability edema, the cause of
which is still incompletely understood. Shock and
ARDS frequently co-exist, and the mortality rate of
patients with ARDS and shock is very high.

Vascular endothelial growth factor (VEGF) has been
identified as a vascular permeability factor (1). VEGF reg-
ulates endothelial cell differentiation, angiogenesis, and
the maintenance of existing vessels. The role of VEGF
in the pathogenesis of ARDS is controversial (1). Several
authors have suggested a pathologic role for VEGF in the
lung, whereas others claim a protective role for VEGF.
Dopamine is generally used to treat shock (2,3).
Terlipressin (TP) is a synthetic long-acting analogue of
vasopressin with comparable pharmacodynamic, but
different pharmacokinetic, properties. Terlipressin is
recommended to treat hypotension in patients with
catecholamine-resistant septic shock (4,5). Recently,
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several studies have demonstrated that TP can improve
oxygenation. Kalambokis et al. found that TP significantly
reduced the magnitude of the shunt in normoxemic
cirrhotic patients (6). Asfar et al. confirmed that titrated
continuous infusion of TP not only reversed the hypoten-
sive hyperdynamic circulation in porcine endotoxemia,
but also decreased global oxygen consumption without
compromising splanchnic metabolism and organ func-
tions (7). However, little information about the effect of
TP and dopamine on VEGF is available.

MATERIALS AND METHODS

Patients

After approval by the local Institutional Ethics Commit-
tee, the study was conducted in an 18-bed multidisciplin-
ary intensive care unit (ICU). Informed consent was
obtained from each participant or an immediate family
member at the time of admission. Enrollment of patients
commenced in January 2007 and ended in December
2009. We enrolled patients who fulfilled the criteria of
having ARDS and septic shock. ARDS was defined as
the ratio of the partial pressure of arterial oxygen to
the fraction of inspired oxygen (Pa0O,:FiO,) <200, the
presence of bilateral pulmonary infiltrates on a chest
radiograph, and no clinical evidence of left atrial hyper-
tension (8). Septic shock was defined as sepsis-induced
hypotension persisting despite adequate fluid resuscita-
tion (2). Patients were studied within 48 h of admission
to the ICU. Exclusion criteria were age <18 years, cate-
cholamine therapy before randomization, severe car-
diovascular disorder, chronic renal failure, severe liver
dysfunction (Child-Pugh grade C), aneurysm or arterio-
venous malformation, pregnancy, and present or sus-
pected acute mesenteric ischemia. All patients were
sedated with midazolam and received mechanical
ventilation using a volume-controlled mode. A lung-
protective strategy for mechanical ventilation was uti-
lized during this study. The target tidal volume was to
6-8 mL/kg predicted body weight. Fraction of inspired
oxygen (FiO,), positive end expiratory pressure, and re-
spiratory rate were set to achieve an oxygen saturation
of 88-92%.

Data Collection and Measurements

Disease severity was assessed by the Acute Physiology
and Chronic Health Evaluation (APACHE) II, Simplified
Acute Physiology Score (SAPS) II, and the Murray Lung
Injury Score (LIS), a composite variable that includes
components of oxygenation, compliance, positive end-
expiratory pressure, and the appearance of the chest
radiograph (9,10).

Blood pressure was measured via a radial artery cath-
eter. Central venous pressure (CVP) was determined via
an internal carotid vein catheter. Heart rate was analyzed
from a continuous recording of the electrocardiogram
with monitoring of the ST segments. Arterial blood sam-
ples were drawn for blood gas analysis. VEGF and tumor
necrosis factor (TNF)-a concentration were determined
using a human VEGF and TNF-a immunoassay kit
(R&D Systems, Minneapolis, MN). According to the
data sheet, the minimum detectable concentration of
VEGF and TNF-« was <5.0 pg/mL. Outcomes measures
included 28-day mortality, length of hospital and ICU
stay, pressor-free days, and days of mechanical ventila-
tion until day 28.

Study Design

Patients were randomized to one of two study groups us-
ing a computer-generated random number table. Patients
assigned to the TP group received a continuous TP infu-
sion of 1.3 ug/kg/h. The dopamine group received a dopa-
mine infusion up to 20 ug/kg/min. Doses of dopamine
could be increased or decreased by 2 ug per kilogram
per minute, as needed. In each group, open-label dobut-
amine in doses up to 20 ug/min/kg was additionally
infused, if the goal mean arterial pressure (MAP) of
70 = 5 mm Hg was not achieved with study drug infu-
sion alone. Fluid challenge was performed to maintain
central venous pressure at 8—12 mm Hg during the 48-h
intervention period. Packed red blood cells were
transfused when hemoglobin concentrations decreased
to <8 g/dL. Hemodynamic measurements, laboratory var-
iables, and blood gases were determined at baseline and
48 h after randomization. Plasma cytokine concentrations
were measured at baseline and after 48 h. In patients sur-
viving the 48-h intervention period, the study drug infu-
sion was terminated, and open-label dopamine was
titrated to maintain the MAP at 70 = 5 mm Hg.

Statistical Analysis

Data are expressed as the mean * SD. SPSS 13.0 soft-
ware (SPSS Inc., Chicago, IL) was used for statistical
analysis. Differences within and among groups were an-
alyzed using a two-way analysis of variance (ANOVA)
for repeated measurements with group and time as fac-
tors. Time-independent variables were compared with
one-way ANOVA. In the case of significant group dif-
ferences over time, appropriate post hoc comparisons
(Student-Newman-Keuls) were performed. The rela-
tionship between the VEGF levels and lung injury
scores were analyzed using the Spearman rank-order
correlation test. Statistical significance was defined
as a p < 0.05.
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Table 1. Baseline Characteristics of the Study Patients

TP Group Dopamine Group
(n=16) (n=16)
Mean age (years) 56.6 = 16.4 52.2 +14.0
Gender (M/F) 10/6 8/8
Body weight (kg) 62.4 =21 58.6 = 3.6
Etiology Pneumonia (n = 8) Pneumonia (n = 9)

Pancreatitis (n = 4)
Severe trauma (n = 2)
Aspiration of gastric
contents or irritant

Pancreatitis (n = 3)
Severe trauma (n = 1)
Aspiration of gastric

contents or irritant

(n=2) (n=1)
Major surgery (n = 2)
Blood culture 5 4
positive
APACHE Il 19.3 £ 9.6 17.6 = 5.3
LIS 27*+04 3.0+ 0.5
SAPS 42.3 + 16.8 48.73 = 17.2

TP = terlipressin; APACHE = Acute Physiology and Chronic
Health Evaluation; LIS = Lung Injury Score; SAPS = Simplified
Acute Physiology Score.

RESULTS

Patients

Of the 72 patients with ARDS and shock who met the in-
clusion criteria of the study, 40 were excluded due to prior
catecholamine therapy (n = 27), severe cardiovascular
disorders (n = 6), and severe liver or renal dysfunction
(n = 7). Thirty-two consecutive patients were enrolled
in the study and randomized equally to one of the study
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groups (n = 16 per group). None of the enrolled patients
died during the study period.

Demographic Data

Baseline characteristics including age, gender, body
weight, origin of septic shock, APACHE II, LIS, SAPS
II, and hemodynamic variables are presented in Table 1.
There were no significant differences in the baseline char-
acteristics between the groups.

Hemodynamic and Oxygenation Variables

Hemodynamic and oxygenation variables are summa-
rized in Figure 1. There was no significant overall group
difference in heart rate or CVP. Both TP and dopamine
treatment elevated the MAP from baseline in ARDS pa-
tients with shock (p < 0.05). The PaO,/FiO, significantly
increased from baseline in the TP group at48 h (p < 0.05).
Although the PaO,/FiO, at 48 h was higher in the TP
group than that in the dopamine group, the difference
did not reach statistical significance (p > 0.05).

VEGF and TNF-a Value

The mean VEGF level in all groups was 486.6 = 107.2
pg/mL. There was a significant correlation between the
plasma VEGEF level and the LIS at baseline (p = 0.387,
p <0.01). The VEGEF levels in plasma from the TP group
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Figure 1. Hemodynamic and oxygenation variables in the terlipressin (TP) group and dopamine group. (A) Heart rate (HR) variable;
(B) central venous pressure (CVP) variable; (C) mean arterial pressure (MAP) variable; (D) ratio of partial pressure of arterial ox-
ygen to fraction of inspired oxygen (PaO,/FiO,) variable; *Compared with baseline of TP group, p < 0.05; #Compared with baseline
of dopamine group, p < 0.05.
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Figure 2. Levels of vascular endothelial growth factor (VEGF) in plasma from the terlipressin (TP) group and dopamine
group. (A) Plasma level of VEGF; (B) plasma level of tumor necrosis factor (TNF)-«; *Compared with baseline of dopamine

group, p < 0.05.

were significantly lower than baseline (p <0.05), and com-
pared to the dopamine group (p < 0.05). However, there
was no difference from baseline in the dopamine group
at 48 h (p > 0.05), and there was no significant difference
in the TNF-« concentration between the groups (Figure 2).

Outcome Measures

There were no significant differences between the two
groups in the length of ICU stay (p = 0.7), the length of
hospital stay (p = 0.74), the number of pressor-free
days until day 28 (p = 0.29), the number of ventilation
days until day 28 (p = 0.65), or the mortality until day
28 (p = 0.72; Table 2).

DISCUSSION

Terlipressin is involved in the regulation of vascular tone
by inducing vascular smooth muscle cell contraction,
and is used to treat hypotension in patients with
catecholamine-resistant septic shock (2,11). Although
the main catecholamine therapy for septic shock is
norepinephrine alone or in combination, there is
increasing evidence that continuous infusion of low-
dose TP is effective as a first-line vasopressor agent in
reversing sepsis-induced arterial hypotension, is safe,
and has similar survival outcomes (5,12—-14). Almost all

Table 2. Comparison of Outcomes between Terlipressin
Group and Dopamine Group

Terlipressin Dopamine p Value

Pressor-free days until day 28 13.0 = 3.4 10.7 = 3.8 0.29
Length of ICU stay, days 55+35 6.4+37 0.70
Length of hospital stay, days 18.1 =6.4 16.3*+8.5 0.74
Days of ventilation 43*+25 53+36 0.65
Mortality until day 28 44% 50% 0.72

ICU = intensive care unit.

studies involving TP have focused on the cardiovascular
actions of TP. Whether or not TP can also influence
vascular permeability, in particular in VEGEF, is unknown.

Despite the known role of VEGF in a variety of con-
ditions characterized by vascular leakage, the effect of
VEGF in patients with ARDS is controversial. Thickett
et al. reported increased levels of plasma VEGF in pa-
tients with ARDS compared to those at risk, suggesting
a potential role for VEGF in the development of pulmo-
nary edema (15). However, several studies have sug-
gested a protective role for VEGF. Corne et al. showed
that interleukin 13 protects the mouse lung from hyper-
oxic lung injury through VEGF up-regulation (16).
Thickett et al. showed that increasing intrapulmonary
VEGEF levels are associated with resolution of lung injury
in ARDS patients in a manner opposite to that of plasma
(1). To date, most studies support the notion that VEGF
may contribute to the development of pulmonary edema
in the early stages of ARDS, and may subsequently par-
ticipate in the recovery process of the damaged endothe-
lial-epithelial barrier (1,15,17,18).

In the present study, VEGF levels in plasma were cor-
related with lung injury score. These results suggest that
down-regulation of VEGF in the plasma of patients with
lung injury and ARDS may be associated with a more fa-
vorable outcome (19). The current study has demon-
strated that VEGF levels at 48 h after TP treatment are
significantly lower than in the dopamine group. The
Pa0,/FiO, was higher in ARDS patients with shock after
TP treatment than in those after dopamine treatment.
There was no significant difference between the TP group
and dopamine group in TNF-«.. We suggest that TP treat-
ment with down-regulation of VEGF may reduce the ex-
tensive local and general tissue edema and improve
oxygenation.

However, it is important to note that TP has the poten-
tial to reduce the cardiac index and excessively increase
vascular resistance in a dose-dependent manner (19,20).
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The adverse effects resulting from intermittent high-dose
TP bolus injections are probably linked to overshooting
increases in vascular resistance, and thus reduced cardiac
output and global oxygen supply (21). To overcome the
adverse effects associated with TP bolus infusion, the
drug may be administered as a low-dose continuous infu-
sion (19,22). In this study, we administered TP at 1.3 ug/
kg/h, similar to Morelli et al. (5). The TP effect on pulmo-
nary function has not been thoroughly described in the lit-
erature. Matok et al. recently reported that TP caused
a statistically insignificant decrease in the oxygenation in-
dex in septic shock patients who survived (23). They sug-
gested that improvement in respiratory index values may
be attributed to the vasodilatory effect of TP on pulmonary
blood vessels via V1 receptors. In the current study, results
showed that a low-dose continuous TP infusion increased
the MAP and PaO,/FiO, ratio. Clearly, additional trials
are needed to determine whether or not an early low-
dose continuous TP infusion improves the overall out-
come of patients with ARDS and shock.

Limitations

This study may have looked at an atypical group of peo-
ple and situations, and only some of the possible vari-
ables. Thus, it is unknown whether the findings can be
generalized to other people or situations.

CONCLUSION

In conclusion, we demonstrated that the VEGF concen-
tration in plasma was significantly lower in ARDS pa-
tients with shock who were treated with TP than in
those treated with dopamine. Although the underlying
mechanism remains to be determined, our findings sug-
gest that continuous TP infusion has the potential to de-
crease VEGF release and improve oxygenation in
patients with ARDS and shock.
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ARTICLE SUMMARY
1. Why is this topic important?

Recent clinical data suggest that treatment with terli-
pressin (TP) may be more effective for septic shock
than catecholamines. However, it has not been determined
whether TP is effective for acute respiratory distress syn-
drome (ARDS) patients with shock.

2. What does this study attempt to show?

The aim of the present study was to compare the impact
of TP and of dopamine on hemodynamic variables and
vascular endothelial growth factor (VEGF) in ARDS pa-
tients with shock.

3. What are the key findings?

TP treatment has the potential to inhibit VEGF and im-
prove oxygenation in patients with ARDS and shock.
4. How is patient care impacted?

Based on the combined data from all trials, the benefits
of TP treatment for acute respiratory distress syndrome
outweigh dopamine. Discussing TP usage with patients
in the Emergency Department will enable Emergency
Physicians to better evaluate possible drug -effects,
educate and learn from our patients, and refer them
when appropriate.
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