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Abstract.14

BACKGROUND: Central lines can be placed through different techniques, either peripherally or centrally. Although they
have the same aim, decision to use one of these modalities depends on the patient outcomes. The aim is to compare pain scores
between ultrasound-guided central line insertion and peripherally inserted catheter in neonates in a prospective randomized
single center study.
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METHODS: A randomized controlled trial was conducted in neonates requiring central venous access for any of the following
reasons: total parenteral nutrition (TPN), antibiotics treatment for at least 7 days and having poor or difficult venous access.
The study compared pain difference, in neonates, that were randomized between peripherally and ultra-sound guided centrally
placed central lines using the validated pain score N –PASS.
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RESULTS: 61 neonates were enrolled in the study. US-guided CICC was associated with less pain as reported by the
statistically significant lower pain score difference (p-value <0.001) than the standard PICC. Additionally, the US-guided
CICC had a higher rate of successful first attempt (p = 0.012), lower overall number of attempts (p < 0.001), and shorter
procedure duration (p < 0.001) as compared to standard PICC.
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CONCLUSION: US-guided CICC is a less painful technique than PICC line insertion associated with higher rate of
successful first attempt, lower overall number of attempts and shorter procedure duration.
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Abbreviations 30

US Ultrasound
PICC Peripherally inserted central catheter
CICC Centrally inserted central catheter
TPN Total parenteral nutrition
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CVP Central venous pressure
ECC Epicutaneo-cava-catheter
IJV Internal jugular vein
CVCs Central venous catheters
N–PASS Neonatal Pain, Agitation and Sedation

Scale
NICU Neonatal intensive care unit

1. Introduction31

Central venous access is an imperative measure32

used in neonates whether being a perioperative mea-33

sure for children undergoing cardiac procedures for34

congenital heart diseases or as a mean of nutrition35

in neonatal enteral malnutrition and drug adminis-36

tration in oncologic patients [1]. Central catheters37

fall into two categories, a peripherally inserted cen-38

tral catheter (PICC) line or centrally inserted central39

catheters (CICC). Although these two modalities40

practically have the same aim, identifying the more41

effective technique is imperative for deciding which42

procedure should be applied to ameliorate patient43

outcomes [2]. Many studies have been previously44

done that delineate the indications for central venous45

access with practically no absolute contraindica-46

tions [3]. These indications include central venous47

pressure (CVP) monitoring, poor venous access,48

volume resuscitation, and prolonged venous access49

in critically ill patients, total parenteral nutrition50

(TPN), cardio-pulmonary resuscitation and medica-51

tion administration [4]. Centrally inserted catheters52

have evolved from being blindly inserted catheters53

using landmarks techniques, is the usual standard of54

care, to being placed under direct visualization using55

ultrasound guidance. Since its first use back in the56

90’s, ultrasound guided insertion of central venous57

catheters has gained attention and successful attempts58

have been made to improve this technique [5]. US-59

guidance initially used acoustic Doppler techniques60

but is now largely replaced by two-dimensional (2D)61

imaging and internal jugular vein (IJV) being the62

preferred site of insertion by US over femoral and63

subclavian vein [6]. Several studies have compared64

these two techniques. A meta-analysis done in 199665

by Randolph et al, showed that US-guided technique66

is superior in terms of attempts rate, failure rates and67

complication rates [7]. Small-caliber vessels remain68

a great challenge in the pediatric population which69

backup the use of imaging modalities for a success-70

ful and safer insertion of CVCs; however, a study 71

by Verghese et al., showed 100% success rate for 72

IJV cannulation using 2D US-guided insertion [8]. 73

Another study conducted in 2015 by Goldstein et al., 74

showed that ultrasound guided central line insertion is 75

a safe and effective method to be used in the neonatal 76

age [9]. 77

Furthermore, a study comparing ultrasound- 78

guided central line insertion in the IJV to standard 79

peripherally inserted catheter placement in preterm 80

infants was conducted by Al Hamod et al. (2016) 81

at Saint George Hospital University Medical Center 82

(SGHUMC) division of Neonatology. The RCT eval- 83

uated fifty neonates between October 2013 and June 84

2014 and concluded the superiority of US-guided 85

IJV technique on the rate of first time successful 86

attempt, procedure duration and number of trials 87

when compared to PICC line insertion with no dif- 88

ference concerning the rate of complications [10]. 89

This study aims to develop a better understand- 90

ing of pain during central line insertions, compare 91

pain scores between the two techniques in order to 92

adopt the less painful technique and ultimately pro- 93

vide insight about the use of analgesics during these 94

procedures for a better outcome. 95

2. Methods and materials 96

A single-center prospective randomized controlled 97

study of neonates (preterm and term babies) who 98

underwent an elective or emergent central line inser- 99

tion between November 2016 and May 2017 was 100

conducted at SGHUMC Neonatal Intensive Care 101

Unit. Hospital’s Institutional Review Board approved 102

the study (IRB/O/036-16/1916) and an informed 103

parental consent was signed for study entry. Inclusion 104

criteria included neonates requiring TPN, antibi- 105

otic therapy for at least 7 days, and babies with 106

poor or difficult venous access. Exclusion criteria 107

included refusal to sign consent, patients with previ- 108

ously attempted or placed central lines, and patients 109

who were converted from one technique to the other. 110

Patients were randomized into the control and inter- 111

vention group through a flip of coin each time a 112

patient enrolled in the study 113

The catheter used for all the patients was an 114

epicutaneo-cava-catheter (ECC), silicone tube mate- 115

rial kit, 24G, VYGON® (Aachen, Germany). All 116

procedures were performed under sterile precautions 117

such as hand washing, use of sterile gloves and 118

gowns, facemask, hair cover, and protective eyewear. 119
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The control group consisted of neonates who120

underwent a PICC line placement. The method of121

insertion performed followed the procedure previ-122

ously described by Pettit [11] under local anesthesia123

using a Lidocaine / Prilocaine 5% emulsion (Emla).124

Patients in the intervention group underwent US-125

IJV. This procedure was carried out as follows:126

The patient’s skin was sterilized with chlorhexidine127

gluconate and the area was infiltrated with local anes-128

thetic agent (lidocaine). Vascular cannulation was129

performed using the ECC’s winged needle. The tar-130

get vessel was located via the US dynamic (real-time)131

method. At the point of needle insertion, the ECC132

was placed through the needle without guide wire133

placement. Once the catheter was inserted, a gentle134

aspiration was performed to show blood flow through135

the 3 ml syringe that was connected to the ECC. The136

catheter was then secured and fixed with simple steri-137

strips and covered by the transparent dressing [10].138

Both techniques were performed by two institutional139

neonatologists who according to their expertise, one140

performed all PICC line placements while the other141

performed all US-IJV.142

Transducer selection and the axis of visualization143

are important to consider in the use of US for ECC,144

as such a linear 6–13 MHz transducer Sonosite M-145

turbo was used (manufacturer’s recommendations).146

The transverse view shows the vessel under the trans-147

ducer and the adjacent structures. The tip of the needle148

is visualized and inserted at a 45◦ angle. The longi-149

tudinal view helps to track the needle progression150

toward the IJV. Post procedural chest radiography151

was done for both groups to confirm placement and152

evaluate for complications.153

The primary outcome measured was the pain154

score difference between US-guided inserted cen-155

tral line and peripherally inserted central line. The156

pain score was measured using the Neonatal Pain,157

Agitation and Sedation Scale (N –PASS). The N-158

PASS is based on several criteria: crying/irritability,159

behavior/state, facial expression, extremities/tone160

and vital signs. Patient characteristics such as gesta-161

tional age, age, gender, admission diagnosis, weight162

have been taken into account and the scores were163

recorded by the nurse in charge of the baby before164

and during the procedure. Pain score difference165

was calculated by subtracting the score during the166

procedure from the pain score before the proce-167

dure. The secondary outcome measures included168

the number of first successful attempts, number of169

total attempts and procedure duration. Additional170

patient information collected included gender, TPN171

administration, gestational age, birth weight and 172

diagnosis. 173

Sample size calculation: Based on and as a contin- 174

uation of the study conducted by Al Hamod et al. [10] 175

where US-guided CICC reduced the median proce- 176

dure time by more than 50% compared to PICC, it is 177

estimated that pain score difference should decrease 178

by at least 1 point. To reduce pain score difference 179

by 1 point, 29 neonates would be needed for every 180

group to produce a study power of 85%.
181

2.1. Statistical analysis 182

Analysis was performed using SPSS version 24 183

(SPSS IBM, New York, USA). Characteristics of 184

patients and outcome measures are described as num- 185

bers (%) or median (interquartile range) for nominal 186

and continuous variables, respectively. For each out- 187

come, we compared central line placement using 188

US-guided CICC technique compared to standard 189

PICC placement. The null hypothesis was defined as 190

no difference between the groups. Fisher’s exact test 191

was used to compare nominal variables, while contin- 192

uous variables were compared using Mann–Whitney 193

U-test. The value of p < 0.05 was considered statisti- 194

cally significant.
195

3. Results 196

A total of 82 neonates were approached for recruit- 197

ment, 17 of which did not meet the inclusion criteria 198

and the parents of 4 refused to participate (Fig. 1). A 199

final sample of 61 neonates was enrolled in the study. 200

Randomization allocated 32 neonates in the standard 201

PICC group and 29 neonates in the US-guided CICC 202

group. Most of the newborns were males and admitted 203

due to prematurity. The median gestational age for the 204

PICC and US-guided CICC groups were 34.22 and 205

33.71 weeks, respectively. 206

There was no statistically significant difference 207

at the level of gender, prematurity at birth, seda- 208

tion, diagnosis, line indication, pre-procedure pain 209

score, corrected gestational age in weeks, and birth 210

weight between the PICC and the US-guided CICC 211

group (Table 1). US-guided CICC was associated 212

with less pain as reported by the statistically signif- 213

icant lower pain score difference (p-value <0.001) 214

then the standard PICC (Table 2). Additionally, the 215

US-guided CICC had a higher rate of successful 216

first attempt (p = 0.012), lower overall number of 217
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Fig. 1. Consort form.

attempts (p < 0.001), and shorter procedure duration218

(p < 0.001) as compared to standard PICC.219

4. Discussion220

Pain assessment in neonates has gained popular-221

ity in the last decade and posed a great challenge to222

physicians specifically to neonatologists since most223

of neonatal procedures are practically performed in224

the neonatal intensive care units (NICU). Despite the225

fact that transmission of painful stimuli and the matu-226

rity of the nervous system responsible for pain are227

already mature at birth, neonates are unable to ver- 228

balize pain and pain assessment is still very primitive. 229

Physiologic indicators of pain have been delineated 230

by the American Academy of Pediatrics and include 231

changes in heart rate, respiratory rate, blood pres- 232

sure, oxygen saturation, vagal tone, palmar sweating, 233

and plasma cortisol or catecholamine concentrations. 234

Behavioral indicators include crying, change in facial 235

expressions and bodily movements [12]. 236

The statistically significant results shows the dom- 237

inance of US-guided CICC technique over PICC 238

line insertion in terms of lower pain scores, more 239

number of successful first attempts, less overall 240

number of attempts and shorter procedural duration. 241
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Table 1
Baseline characteristics of recruited neonates

PICC US-guided CICC P-Value
N (%) N (%)

N 32 29
Gender

Male 18 (56.3) 16 (55.2) 1.000a

Female 14 (43.8) 13 (44.8)
Premature at birth

No 5 (15.6) 5 (17.2) 1.000a

Yes 27 (84.4) 24 (82.8)
Sedation

No 30 (93.8) 25 (86.2) 0.411a

Yes 2 (6.3) 4 (13.8)
Diagnosis

LBW 14 (43.8) 12 (44.8) 0.827a

Cholestasis – 2 (6.9)
Sepsis 2 (6.3) 4 (13.8)
Respiratory distress 7 (21.9) 5 (17.2)
Esophageal atresia 1 (3.1) –
Pneumonia 2 (6.3) 1 (3.4)
Hypoglycemia 1 (3.1) –
Bladder extrophy 1 (3.1) –
Duodenal atresia 1 (3.1) –
Hirschsprung 1 (3.1) –
Seizure – 1 (3.4)
Gastroschisis 1 (3.1) 1 (3.4)
Jaundice 1 (3.1) 2 (6.9)

Line indication
TPN 11 (34.4) 11 (37.9) 0.433a

TPN+Abx 14 (43.8) 10 (34.5)
Abx 5 (15.6) 8 (27.6)
Abx+Inotropes 2 (6.3) –

Pre-procedure pain score
Median (Q1–Q3) 1 (0– 1) 1 (0–2) 0.541b

Minimum-maximum –3–3 –3–3
Corrected gestational age in weeks

Median (Q1–Q3) 34.22 (31.29–37.64) 33.71 (29.64–38.14) 0.789b

Minimum-maximum 27.14–40 27.14–39.71
Birth weight (grams)

Median (Q1–Q3) 1395 (1177–2575) 1300 (985–2500) 0.398b

Minimum-maximum 810–4000 710–3100

afisher exact; bMann-Whitney U test.

By decreasing the procedural duration and the num-242

ber of attempts, neonates are exposed to pain for a243

shorter duration of time. In our study, US-guided244

CICC was considered the superior procedure to be245

used when a central line is needed in the neonatal246

age.247

Pain management was accomplished by using248

local anesthesia and only few received sedation for249

agitation (4 in the PICC group and 2 in the US-250

guided CICC group, p-value = 0.411). However, the251

use of sedation didn’t interfere with our pain scores252

although the number of patients sedated was too253

small. Although, the difference might be also related254

to the different types of local anesthesia used in each255

group and their effectiveness (Lidocaine emulsion vs256

lidocaine infiltration).257

A single study was found in the literature that 258

measures pain during the placement of a PICC. This 259

study was an exploratory prospective study that used 260

premature infant pain profile (PIPP) assessment tool 261

to measure pain. This study concluded that the use 262

of analgesic medications is imperative in control- 263

ling pain during neonatal invasive procedures such as 264

PICC insertion [13]. Although, the effect of sedation 265

on the developing brain and concerns over neuro- 266

toxicity have been clearly cited in several studies, 267

providing effective analgesia and aiming to reduce 268

pain in neonates is imperative as pain itself has an 269

adverse outcome on neurodevelopment in the neona- 270

tal period [14]. The control of pain in neonates is 271

of great value to diminish the acute and long-term 272

outcomes of sedation, especially those related to the 273



U
nc

or
re

ct
ed

 A
ut

ho
r P

ro
of

6 R. Sabouneh et al. / Less pain in neonates during central lines insertion

Table 2
Results of central line placement using ultrasound guided CICC

technique compared to standard PICC placement

PICC US-guided P-Value
CICC

(N = 32) (N = 29)
N (%) N (%)

Pain score difference
Median (Q1–Q3) 4 (4–5) 2 (1–3) <0.001b

Minimum-Maximum 2–7 0–5
Success in first attempt

No 27 (84.4) 15 (51.7) 0.012a

Yes 5 (15.6) 14 (48.3)
Number of attempts

Median (Q1–Q3) 4 (2–4.75) 2 (1–2) <0.001b

Minimum-maximum 1–7 1–4
Procedure duration

Median (Q1–Q3) 39 (26.5–50.5) 16 (12–19) <0.001b

Minimum-maximum 14–57 9–38

afisher exact; bMann-Whitney U test.

nervous system. The exposure to pain due to proce-274

dures in the NICU has been linked to several adverse275

neurodevelopmental outcomes as poorer cognitive276

and motor scores, impairment of growth, reduced277

white matter and subcortical gray matter maturation,278

and altered corticospinal tract structures [15].279

Therefore, taking the results of our previous study280

showing no difference in the rate of complications281

during insertion [10] and the findings from this trial,282

the use of US guided CICC technique would probably283

be the better option in successfully providing a central284

line access for neonates with the least pain possible.285

5. Conclusion286

US-guided CICC in neonates is a less painful287

alternative technique of inserting a central line than288

the standard PICC line. In parallel with decreased289

insertion trials, less operative time and more suc-290

cessful first attempts, US guidance assist health care291

providers in the NICU to decrease the exposure of292

neonates to noxious stimuli and less use of analgesics.293
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