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ABSTRACT
Sepsis and septic shock are important causes of morbidity and mortality in critically ill children. The goal of treat-
ment is to ensure adequate mean arterial pressure to maintain organ perfusion. The growing number of instances 
of peripheral vascular hyporeactivity to catecholamines has necessitated the search for alternative vasopressors. 
A 14-year-old boy had septic shock, with a high cardiac index and low systemic vascular resistance index (SVRI) 
measurements according to pulse contour analysis, despite treatment with dopamine, dobutamine, adrenaline, 
and noradrenaline infusions. A terlipressin (TP) 10 μg/kg intravenous bolus was administered, followed by a 1 
μg/kg/minute continuous infusion. The response to TP treatment was assessed using pulse contour analysis. The 
mean arterial pressure and SVRI increased, and the cardiac index and heart rate decreased within 10 minutes 
after bolus administration of TP. Noradrenaline infusion could be reduced to 0.7 μg/kg/minute within 5 hours. The 
goal in presenting this case was to evaluate the vasoconstrictor effects of TP, a long-acting vasopressin analogue, 
in septic shock. 
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Using terlipressin in a pediatric patient with 
septic shock resistant to catecholamines

Case Report   GENERAL SURGERY

Sepsis and septic shock are important causes of 
morbidity and mortality in critically ill pediat-

ric cases [1]. Septic shock is a form of distributive 
shock characterized by arterial and venous vasodi-
lation. The target in the treatment is to achieve a 
mean arterial pressure that will maintain sufficient 
organ perfusion. Vascular hyporeactivity to cat-
echolamines has compelled the search for an al-
ternative vasopressor agent. Terlipressin (TP) is a 
long-acting synthetic analogue of vasopressin with 
an affinity for vascular receptors greater than that of 
vasopressin. TP has also been demonstrated to be 

more effective than noradrenaline in patients with 
noradrenaline-resistant septic shock. 

Hemodynamic monitoring with a pulse-induced 
contour cardiac output (PiCCO) monitor (Pulsion 
Medical Systems SE, Feldkirchen, Germany) can 
continuously measure cardiac output at the femoral 
artery without the need for pulmonary artery inter-
vention. In addition, it can assess cardiac preload 
and extravascular lung water (EVLW). Therefore, 
use of a pulse contour method is very valuable in the 
monitoring of fluid balance, especially in patients 
under mechanical ventilation.



Presently described is the case of a 14-year-old 
boy who had catecholamine-resistant septic shock 
and underwent TP treatment. A pulse contour 
method used to monitor his fluid balance, and the 
potential use of TP as a treatment alternative are 
highlighted.

CASE REPORT

A 14-year-old male patient who had been followed 
up for 3 years with a diagnosis of Joubert syndrome 
and chronic renal failure and was receiving peritone-
al dialysis treatment was brought into the pediatric 
emergency service due to vomiting and intolerance 
to food intake persisting for 1 week. Upon the de-
velopment of hyponatremia and hypopotassemia, 
he was hospitalized and the appropriate supple-
mentation treatment was instituted. Blood, urine, 
and peritoneal fluid cultures were obtained because 
of febrile episodes. Intravenous (IV) antibiotherapy 
with tazobactam-ampicillin was initiated. Growth 
of Candida spp. in his peritoneal culture necessitat-
ed the inclusion of liposomal amphotericin B in his 
treatment, and the peritoneal dialysis catheter was 
removed. The patient was anuric and had volume 
overload, so intermittent hemodialysis therapy was 
initiated and maintained in 3-hour sessions 3 days 
a week. An abdominal ultrasound was performed, 
which revealed complicated, lobulated, fluid-filled 
cystic lesions, the largest with dimensions of nearly 
8x5 cm (pseudocyst) in the pancreatic loge, and 
multiple cortical cysts in both kidneys. An abdomi-
nal computed tomography (CT) scan indicated 
large cystic lesions localized in the anterior abdomi-
nal region that were compressing portions of the 
gastrointestinal system and intraabdominal organs, 
and which extended from the subhepatic region to 
the pelvis. Loculated fluid collections that were con-
nected with each other in the peripancreatic area 
were noteworthy. The patient was evaluated by the 
department of pediatric surgery, and surgery was 
planned. During the operation, a cyst on to the an-
terior abdominal wall and extending from the pelvis 
to the epigastric region was observed. During at-
tempts to resect the cyst, which was very strongly 
adhered to the anterior abdominal wall, the cyst 
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ruptured and nearly 2500 cc serohemorrhagic fluid 
was aspirated. During the intervention, the patient 
suffered cardiac arrest. Erythrocyte suspension was 
transfused, fluid support was provided, and adrena-
line and noradrenaline infusions were started as a re-
sult of his hypotensive state. The patient was trans-
ferred to the intensive care unit. His blood pressure 
was 55/35 mmHg and his heart rate was 90 bpm. 
His pupils were bilaterally dilated with an absent 
light reflex. Capillary refill time was 6 to 7 seconds. 
Other parameters were: arterial blood gas pH: 7.15, 
PaCO2: 41.8 mmHg, PaO2: 82.8 mmHg, base ex-
cess: -13.2 mmol/L, HCO3: 14 mmol/L, lactate: 
16 mmol/L, blood urea nitrogen (BUN): 87 mg/
dL, and creatinine: 2.7 mg/dL. Mechanical ventila-
tion was provided with the following settings: peak 
inspiratory pressure: 24 cm H2O, positive end-expi-
ratory pressure: 5 cm H2O, frequency: 20/minute, 
fraction of inspired oxygen: 1.00. Saline solution 
(0.9% sodium chloride) was given in 2 bolus doses 
of 20 mL/kg. Upon persistence of hypotension, 
dopamine, dobutamine, adrenaline, and noradrena-
line infusions were started. The doses of dopamine, 
and dobutamine were increased to 20 µg/kg/min-
ute, and the doses of adrenaline and noradrenaline 
were increased to 1 µg/kg/minute. Erythrocyte 
suspension was infused when the hemoglobin value 
dropped to 2.8 gr/dL, and thrombocyte suspension 
was transfused when the platelet count decreased to 
22.000/mm3. In order to achieve the hemoglobin 
level at the target concentration of at least 10 gr/
dL, 4 erythrocyte suspensions (10 cc/kg) at 6-hour 
intervals were transfused over 12 hours. Since pro-
thrombin time (PT) was 24 seconds and the inter-
national normalized ratio was 2.16, IV fresh fro-
zen plasma was administered. Whole blood count, 
PT, and partial thromboplastin time values were 
checked at 4-hour intervals, and supplementation 
with blood products was provided as needed. The 
procalcitonin level of the patient was 12.59 ng/mL. 
Combined antibiotherapy with meropenem, van-
comycin, and amikacin was maintained, and met-
ronidazole was added to this regimen. Despite all 
efforts, his hypotensive state did not improve, so a 
single dose of IV steroid was administered, but was 
without any favorable outcome. A 3-F catheter was 



inserted into the femoral vein, and cardiac output 
was monitored using a PiCCO pulse contour moni-
tor. Following thermodilution, measurements were 
as follows: cardiac index: 6.5 L/minute (normal 
range: 3-5 L/minute), systemic vascular resistance 
index (SVRI): 338 dynes/second/cm⁵/m² (normal 
range: 1200-2000 dynes/second/cm⁵/m²), global 
end-diastolic index (GEDI): 780 mL/m2 (normal 
range: 680-800 mL/m2), extravascular lung water 
index (EVLWI): 15 mL/kg (normal: <10 mL/kg), 
systolic blood pressure (SBP): 67 mmHg, diastolic 
blood pressure (DBP): 32 mmHg, mean arterial 
blood pressure (MAP): 46 mmHg, and a pulse rate 
of 106/minute. Due to the low SVRI, TP was ad-
ministered as an IV bolus dose of 10 µg/ kg. Since 
a life-threatening condition requiring emergency 
intervention existed, consent of the family could 

not be obtained due to the time constraint, but con-
sent was obtained when the patient was moved to 
intensive care. Ten minutes after the TP applica-
tion, a marked increase in blood pressure was no-
ticed. SBP, DBP, and MAP increased to 94 mmHg, 
45mmHg, and 60 mmHg, respectively. TP treat-
ment was changed to infusion at a dose of 1 µg/kg/
minute. The noradrenaline dose was reduced to 0.7 
µg/kg/minute, with decrements of 0.1µg/kg/min-
ute. A decrease in both the cardiac index and heart 
rate was observed (Fig. 1), while SVRI, GEDI, and 
EVLWI increased. Continuous venovenous hemo-
diafiltration (CVVH) was initiated, and 1000 cc 
ultrafiltrate was aspirated over 12 hours. Control 
BUN and creatinine values were 27 mg/dL and 1.9 
mg/dL, respectively. After initiation of CVVH, a 
decrease in GEDI, and ELWI values were detected 
(Fig. 2). At the ninth hour of TP infusion, ischemic 
manifestations developed on the right big toe, which 
necessitated the discontinuation of TP infusion. At 
approximately 1 hour after discontinuation of TP, 
SBP of 69 mmHg, DBP of 46 mmHg, and MAP 
of 54 mmHg were measured. Three hours later car-
diac arrest developed. Cardiopulmonary resuscita-
tion was applied, but the patient was lost.

DISCUSSION

Sepsis and septic shock are important causes of 
morbidity and mortality in critically ill children. 
Septic shock is a form of distributive shock char-
acterized by arterial and venous vasodilatation. 
Patients usually have a high cardiac index, and a 
lower systemic vascular index. In sepsis, inflam-
matory cytokines are secreted from the vascular 
endothelium, neutrophils, central nervous system, 
and neuroendocrine system, and these mediators 
stimulate nitric oxide (NO) activity. ATP-sensitive 
potassium channels are activated by the NO, and 
the passage of calcium slows down. The vascular re-
sponse to catecholamines decreases, and nearly 40% 
of patients are lost to treatment-refractory shock, 
despite supportive treatment [2, 3]. In treatment, 
achieving mean arterial blood pressure to maintain 
adequate organ perfusion is targeted; however, the 
development of vascular hyporeactivity against cat-
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Figure 2. One hour after intravenous bolus of terlipressin and 
subsequent infusion, a decrease was observed in HR and CI, 
and an increase in GEDI and ELWI. After initiation of CVVH , 
GEDI and EVLWI decreased. 

CVVH: Continuous venovenous hemodiafiltration; CI: Cardiac 
index, l/min/10; EVLWI: Extravascular lung water index;GEDI: 
Global end-diastolic index, x10; HR: Heart rate; NA. Noradren-
aline, (µg/kg/min) x10.
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Figure 1. Ten minutes after a bolus dose of terlipressin, a 
marked increase in MAP and SVRI values were observed. The 
increases in MAP and SVRI were maintained with subsequent 
TP infusion. 

MAP: Mean arterial blood pressure, mmHg; SVRI: Systemic 
vascular resistance index, dynes/s/cm5 m2/10.
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echolamines has led to the search for an alternative 
vasopressor agent.

Vasopressin is a known antidiuretic hormone 
that is synthesized from the hypothalamus. Its ef-
fects are seen in the vascular V1a, and renotubular 
V2 receptors. The V1a receptors on vascular smooth 
muscle induce increases in the intracellular concen-
tration of calcium, which leads to arterial vasocon-
striction. Under stimulation of V2, renal water re-
absorption increases. Its half-life is only 6 minutes, 
and its effects are seen for 30 to 60 minutes. TP is 
a synthetic triglycyl lysine analogue of vasopressin, 
and a precursor of lypressin. It is a long-acting (2-10 
hours) analogue of vasopressin compared with both 
lypressin and vasopressin. Its half-life is 6 hours, 
and it is a more potent vasoconstrictor agent than 
vasopressin. Its half-life enables treatment with bo-
lus doses. Since vasopressin has a half-life of only 6 
minutes, it must be given as an infusion. The recom-
mended infusion doses of vasopressin and TP are 
0.03 U/minute, and 1.3 mcg/kg/hour, respectively 
[7]. In patients with septic shock, withdrawal of a 
vasopressin infusion may induce the phenomenon 
of “rebound” hypotension [4, 5].

Landry et al. [6] first reported the beneficial ef-
fects of vasopressin in patients with septic shock 
when adequate blood pressure could not be main-
tained despite inotropic and vasoconstrictor treat-
ment.

In the Continuous Terlipressin Versus Vasopres-
sin Infusion in Septic Shock (TERLIVAP) study, 45 
patients with septic shock were randomized into TP 
(1.3 µg/kg/hour), vasopressin (0.03 U/minute) and 
titrated noradrenaline groups, and no conspicuous 
hemodynamic intergroup difference was detected. 
However, the reduced risk of adverse effects associat-
ed with a continuous infusion of TP over bolus doses 
was emphasized [7].

Morelli et al. [8] reported increases in MAP, gas-
tric mucosal perfusion, urine output, and creatinine 
clearance in 15 patients with septic shock whose 
MAP values ranged between 50-55 mmHg follow-
ing administration of an IV bolus dose of TP. TP 
increases perfusion pressure and the glomerular fil-
tration rate with a vasodilatory effect on efferent ar-
terioles. 
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The results of a study of adult patients indicated 
a decrease in oxygenation index (OI) immediately 
after administration of TP, though it was not sta-
tistically significant. As reported by the researchers, 
the decrease in OI was potentially associated with 
vasodilation induced by the impact of TP on pul-
monary blood vessels [9].

In a multicenter study performed in Spain in 
2006, bolus doses of TP were administered every 
4 hours, and a rapid increase in MAP necessitated 
tapering the catecholamine infusion 1 hour after the 
bolus dose [10]. 

Yıldızdaş et al. [11] evaluated the effect of TP 
in 58 septic shock patients with persistent hypo-
tension despite fluid therapy and high doses of cat-
echolamines. They administered IV bolus doses of 
20 µg/kg TP, and after 30 minutes, MAP and PaO₂/
FiO₂ markedly increased, and the heart rate signifi-
cantly decreased. However, they indicated a lack of 
any difference between TP and control groups . In 
a similar study performed by Albenése et al. [12], 
the researchers demonstrated that when they ran-
domized hyperdynamic septic shock patients into 
noradrenaline and bolus TP groups, both drugs in-
creased MAP and decreased heart rate, Cl , and O2 
consumption.  

PiCCO data of the effects of TP in septic shock 
patients have been evaluated only in case reports 
[13, 14]. Peters et al. [13] administered bolus TP 
to an 11-year-old patient with septic shock whose 
hypotension persisted despite fluid support, dopa-
mine, and noradrenaline infusions. After each bolus 
of TP, there was a rapid increase in the SVRI, and 
the noradrenaline dose could be tapered within ap-
proximately 6 hours, and then discontinued. In our 
case as well, 10 minutes after 10 µg/kg bolus TP, 
the SVRI markedly increased, and 5 hours later, the 
noradrenaline dose could be reduced from 1 µg/kg/
minute to 0.7 µg/kg/minute.

Excess vasoconstriction and impairment of tis-
sue perfusion are unwanted potential effects of va-
sopressin and TP. Ischemic effects were observed on 
the right big toe of our patient, and so the TP infu-
sion was terminated.

TP may be a treatment alternative in catechol-
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amine-resistant septic shock patients; however, ad-
ditional randomized controlled studies are needed 
to fully provide an answer on its use.
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