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Extravasation injury is a common phenomenon in hospitals. Failure to detect 
and treat extravasation injury can lead to irreversible local injuries, tissue 
necrosis and malfunction of the affected tissue. Until now, it is largely unknown 
about incidence, risk factors and treatment outcomes of extravasation in 
Chinese pediatric patients. The aim of this study is to explore the incidence, 
risk factors and summarize the characteristics and treatment outcomes of 
extravasation injuries resulting in drug extravasation among Chinese children 
in our hospital. The children undergoing infusion therapy (0-18 years) were 
enrolled in this study between December 2014 and June 2015 in Shanghai 
Children’s Hospital. The patients’ information including age, gender, injection 
site, estimated volume of solution extravasated, patient symptoms, severity 
of extravasation injury, treatment methods, and outcomes was collected. 
Multivariate logistic regression was used to identify the independent risk 
factors for the development of extravasation. The incidence of extravasations 
in pediatric patients was 1.79% (18/1,004). The severity of extravasation was 
labeled with grade range from Grade 1 through Grade 4: 4 cases with Grade 
1, 8 cases with Grade 2, 5 cases with Grade 3, and 1 case with Grade 4. The 
risk factors of extravasation include infused high volume/day (≥1000 ml), 
received operation, infused agents with high osmolarity and poor vein condition. 
The severity of extravasation was related to the large volumes of drug or 
special drugs (high-osmolarity, high-risk, low pH, etc). All extravasations were 
treated with physical, pharmacological and surgical intervention according to 
our standard operation protocols. Systematic implementation of intervention 
can alleviate the extravasation injuries and improve the patients’ outcome.
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Infusion therapy is commonly used in 
hospitals, especially in the inpatients who 
received operation or with severe malfunction. 
Extravasation, the unexpected leakage of infused 
solution into surrounding tissue, is known as a 
common complication of infusion therapy, and 
can lead to severe injuries without intervention 
timely1, 2. Because of more movement, lack of 
communication skill, small and fragile veins, 
capillary leakage, flexible subcutaneous tissue, 
the pediatric patients are more susceptible to 
extravasation injuries than adults3, especially 
in the neonates. According to the report, the 
incidence of extravasations from Teflon ® 

catheters is varied from 23% to 63%4, and the 
gestational age is significantly related to the 
incidence of skin necrosis, the highest injuries 
was recorded in extremely preterm infants of 
27 weeks of gestation or less5. Failure to detect 
and treat extravasation injuries can lead to 
tissue necrosis and malfunction of the affected 
tissue6. Furthermore, it often leads to prolonged 
care and hospital stay, secondary infection and 
high morbidity in neonates7, 8. It indicated that 
the preterm and low-birth weight infants are 
more likely to experience skin necrosis when 
extravasation happened. 
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Extravasation can induce varying degrees of 
localized skin injury and cause pain, swelling, 
infection, or even full-thickness necrosis, and 
malfunction or amputation. The symptoms of 
the injury and the management plans depend 
on the cytotoxicity and volume of extravasated 
agent, the disease condition of the patients, 
and the necrosis interval of the injury9-11. It is 
important to identify risk factors for reducing 
the incidence of intravenous extravasation12. 
Accumulated evidences have explored the 
risk factors of extravasation in neonates or 
adults. However, it is still unknown about the 
incidence, risk factors and treatment outcomes 
of extravasation in pediatric patients in China. 

Therefore, the aim of the present study 
is to explore the incidence, risk factors of 
extravasation and to summarize the treatment 
outcomes of drug extravasation in pediatric 
patients in China.

Methods

Setting and sample

This study was conducted in Shanghai 
Children’s Hospital, which received 0-18 
years old children. A retrospective analysis of 
total 1,004 inpatients’ medical records was 
performed between December 2014 and June 
2015. All medical records were screened in 
detail for parameters including age, gender, 
injection site, symptoms, estimated volume of 
drug extravasated, patient symptoms, severity 
of extravasation injury, treatment methods, 
and outcomes. The severity of extravasation 
injuries was graded according to the previous 
reports 5,13 (Table I), and the vein condition 
was assessed according to the standards of 
our hospital14.

There are standardized protocols for venous 
catheterization: 1.The doctor determines 
whether to establish venous access or not; 2.The 
registered nurse performs IV catheterization; 
3. If the registered nurse fails to perform 
IV catheterization at the first attempt, an 
evaluation should be made to determine 
whether to change another nurse; if two 
attempts are failure, members of the vein 
management group should be called to 
rescue vascular access. When venous access 
is difficult to establish, physicians should re-
evaluate the need for an IV line and consider 
alternatives of IV therapy or IV lines14. After 

successful catheterization, the registered nurse 
is responsible for the management of venous 
access in infusion process. If extravasation 
happens, the enterostomal therapist and 
members of vein management group should 
be called to evaluate the injury and implement 
interventions. If surgical intervention is needed, 
surgeon should be called to rescue the injury. 

Patient treatment 

All pediatric patients with extravasation 
subsequently received physical, pharmacological 
or  surgical  intervention according to 
standards of Shanghai Children’s Hospital. 
Physical intervention includes cold/warm 
compress, elevation, saline dressing, foam 
dressing mepilex, silver ion alginate dressing. 
Pharmacological intervention includes 
injected with hyaluronidase/ phentolamine, 
massaged with hirudoid, etc. The choice of the 
intervention methods depends on the results of 
evaluation on the injuries made by members 
of vein management group and physicians. 
All parents or guardians of pediatric patients 
provided written informed consent for the 
therapy. Given this was a retrospective study, 
informed consent for the study was waived. This 
study was approved by the Ethics Committee 
of Shanghai Children’s Hospital (Decision no. 
2015R027-F01).

Statistical analyses

Data were analyzed using SPSS 16.0 (SPSS 
Inc., Chicago, IL). Continuous variables were 
summarized as means ± standard derivations 
(SD) for normal distribution data and as median 
(Inter Quartile Range) for abnormal distribution 
data. Student t test was used to compare the 
means of continuous variables and normally 
distributed data; otherwise, the Mann–Whitney 
U test was used. Categorical variables were 
presented as numbers and percentages, and 
Chi square test or Fisher’s exact test was used 
to compare the categorical data. Multivariate 
logistic regression was performed to identify the 
risk factors of extravasation. The adjusted odds 
ratios (ORs) with 95% confidence intervals 
(CI) were reported. A value of P < 0.05 was 
considered statistically significant. 

Results

Patient characteristics 

From December 2014 to June 2015, a total 
of 1,004 inpatients receiving infusion therapy 
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in Shanghai Children’s Hospital enrolled in 
this study, and 18 patients experienced drug 
extravasation. Mean age of the patients (10 male 
and 8 female) was 3.31±3.29 years (range, 9 
months–16 years). The involved extravasation 
site included dorsum of hand (11), dorsum of 
foot (4), saphenous (2) and forearm (1). The 
severity of extravasation was Grades 1 in 4 
patients, Grade 2 in 8 patients, Grade 3 in 5 
patients and Grade 4 in 1 patient, respectively 
(Table II). 

Incidence and risk factors of extravasation

Among the 1,004 patients, drug extravasation 
occurred in 18 (1.79%) patients. All the patients 

complained of pain, discomfort at the site of 
infusion and displayed with crying, which led to 
the detection of extravasation in these patients. 
An infusion pump alarm was another lead to 
find extravasation in 1 patient. In the remaining 
5 patients, a nurse detected extravasation 
during her round of visits. The clinical 
characteristics were compared between the 
pediatric patients with or without extravasation 
to evaluate the risk factors for extravasation. 
This comparison showed significant differences 
in 7 factors, including infused large volume 
mediation(≥1000 ml/day), infused agents 
with high osmolarity, received operation, poor 

Table I. The Grading of Extravasation Injuries.
Grade 1 Grade 2 Grade 3 Grade 4

Pain Pain
Swelling
No skin blanching

Normal capillary refill and 
peripheral pulsation

Pain  
Swelling 
Skin blanching 
Cool blanched area 
Normal capillary refill and 
peripheral pulsation

Pain 
Swelling 
Skin blanching 
Cool blanched area 
Reduced capillary refill 
+/- Arterial occlusion 
+/- Blistering

Table II. Characteristics of 18 Patients with Extravasation.
Characteristics Results 

Patients’ age 3.31±3.29 years 

Male/female, n (%) 10 (55.56) /8 (44.44)

Extravasation site, n (%)
  dorsum of hand 
  dorsum of foot
  saphenous
  forearm

11 (61.1)
4 (22.2)
2 (11.1)
1(5.6)

Vein condition level, n (%)
  0
  I
  II
  III

2 (11.1)
3 (16.7)
5(27.8)
8(44.4)

Infused total volume per day(ml)
  ≤100
  100~500
  500~1000
  ≥1000

1 (5.6)
4 (22.2)
10 (55.6)
3 (16.7)

Estimated amount of extravasated agents
  ≤10 ml
  10~20 ml
  ≥20 ml
  Not estimated

8 (44.4)
7 (38.9)
2 (11.1)
1 (5.6)

Grade, n (%)
  1
  2
  3
  4

4 (22.2)
8 (44.4)
5 (27.8)
1(5.6)
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venous condition, received chemotherapy, junior 
nurse and nurse without systematic training. 
Multivariable logistic analysis was performed 
with these variables. The independent risk 
factors of extravasation included poor condition 
of vein (OR=0.256, 95% CI: 0.087-0.754, P 
=0.013), received operation (OR=5.328, 95% 
CI: 1.383-20.526, P = 0.015), infused agents 
with high osmolarity (OR =5.768, 95% CI: 
1.492-22.304, P = 0.011) and infused large 
volume agents(≥1000ml/d) (OR =1.000, 95% 
CI: 1.000-1.001, P = 0.043) (Table III). 

Symptoms and treatments

The most commonly reported symptoms in the 
patients were swelling (17/ 94.44%) and pain 
(11/ 61.11%). Other symptoms included skin 
blanching in 3 patients (16.67%), skin erythema 
in 2 patients (11.11%), cool blanched area and 
reduced capillary refill in 1 patient (5.56%). 

Most patients were treated with cold compresses 
or ice packs, and elevating the involved limb. 
Other treatment measures included compressed 
with 10% Nacl, massaged with hirudoid, 
injected with hyaluronidase, etc. The patient 
(Case 18) with grade 4 extravasation injury 
received surgical intervention (Table IV).

Discussion

Although extravasation associated with infusion 
therapy is well recognized, there is few detailed 
research report on the incidence, risk factors 
and treatment outcomes of extravasation in 
Chinese pediatric patients. In the present 
study, the incidence of extravasation in Chinese 
children was 1.79% (18 of 1004 patients), 
which is higher than the reported results 
between 0.03% and 0.90%9, 15-17. However, 
the incidence of extravasation is as high as 
44.13% in the case series with small simple 
size18. In this study, 33.3% (6 of 18 patients) 

Table III. Independent Risk Factors for Extravasation.
Variable B OR 95%CI P value

Infused total volume (ml)/day 0 1.000 1.000-1.001 0.043

Received operation 1.673 5.328 1.383-20.526 0.015

Agents with high osmolarity 1.752 5.768 1.492-22.304 0.011

Vein level (level 0. I. II. III) -1.363 0.256 0.087-0.754 0.013

Patients’ 
No. Age

(years) Symptoms Treatment Follow-up 
duration

1 6.00 Pain on the infusion site Cold compress 1 week

2-4 0.69±0.34 Pain with motion Cold compress, elevation 2 weeks

5-7 1.94±1.08 Pain with motion, mild 
swelling

Cold compress, elevation, 
massaged with hirudoid

1 month

8-12 5.20±3.97 Pain with motion, mild 
swelling, skin blanching, 
firmness

Cold compress, elevation, 
massaged with hirudoid, 
compressed with 10% NaCl

2 months

13-14, 
16

0.69±0.53 Pain with motion, swelling, 
skin blanching, firmness, 
small skin erythema

Cold compress, elevation, 
massaged with hirudoid, injected 
with hyaluronidase

2 months

15,17 3.00±1.41 Pain with motion, apparent 
swelling, cool blanched 
area, skin erythema

Warm compress, elevation, 
massaged with hirudoid, injected 
with hyaluronidase, saline 
dressing

3 months

18 2.00 Pain, apparent swelling, 
reduced capillary refill, 
inflammation, tissue death 
and necrosis

Massaged with hirudoid, injected 
with hyaluronidase, saline 
dressing, foam dressing mepilex, 
silver ion alginate dressing, 
surgical excision 

5 months

Table IV. Symptoms and Treatment of Patients with Extravasation.
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experienced severe extravasation, and 5.6% 
(1 of 18 patients) experienced skin necrosis 
(Case 18). Although most extravasation can 
be prevented with careful administration 
techniques or diagnostic test19, 20, extravasation 
still occurs every day. Fortunately, there is now 
greater knowledge about how extravasations 
occur and affect the tissue, and how they may 
be effectively treated21. 

In the present study, only one case (1/18) 
received surgical intervention, which was 
benefit from early detection with a small 
amount of agents leaking into the perivenous 
tissues. Most cases with estimated amount of 
extravasated agents were less than 20ml, which 
is also an important factor that influenced the 
patients’ outcome. 

There are multiple risk factors for developing 
an extravasation injury, including patient-
related factors22, 23, previous insertion in the 
same limb 24, and the injected drug22. The 
results of this study showed that infused high 
volume/day, received operation, infused agents 
with high osmolarity and poor vein condition 
increased the risk of extravasation (all p < 
0.05). However, catheter-related factors and 
staff-related factors were not independent 
risk factors for developing an extravasation 
(all p > 0.05). In this study, extravasation 
was associated with a higher infusion volume 
of above 1000 ml per day. Furthermore, the 
children always cried and moved because of 
pain and uncomfortable after operation, and 
we found that the extravasation occurred in 
one-third of patients who received operation, 
which suggests that patient movement is a well-
described risk factor for extravasation. Thus, 
fixing the needles and instructing patients after 
operation or received high osmolarity agents 
could be improved. Specifically in regard to 
the performer, choice of the insertion site, the 
insertion ability, detection and management 
ability are important. However, information 
on the staffs’ level of peripheral venous 
management could not be evaluated precisely.

In this study, the most commonly reported 
symptoms in the patients were swelling 
(94.44%) and pain (61.11%), which is supported 
by other reports6, 8. Reduced capillary refill, 
inflammation, and tissue necrosis appeared in 
1 case (5.56%), mostly because total parenteral 
nutrition (TPN) extravasated and without 

timely detected and intervention, which is 
a common reason for induced injuries in 
neonates25. All the complaints of symptoms 
associated with extravasation, so education 
and training of nursing and medical staff is 
important in prevention and early detection 
of extravasation injuries. 

In order to alleviate the symptom and avoid 
additional complication, every effort should 
be made to minimize the extravasation 
injuries19. Towards suspected extravasation, 
medical emergencies also should be approached 
systematically. There were 18 (1.79%) cases of 
extravasation in this study, and all the patients 
with extravasation were treated according to 
our standards resulting in clinical benefit. To 
simplify the strategy for treatment options, 
we summarized our therapy in physical 
intervention, pharmacological intervention and 
surgical intervention. There were 2 patients 
(Case 15, 17) informed about the potential 
need for surgery. However, both of them (Case 
15, 17) received the conservative treatment 
resulting in good outcomes. This result is 
consistent with previous study and suggested 
that providing intervention within the golden 
time (8 hours, 3 hours for high risk medication) 
is important for the patients’ outcome26. Case 
18 with calcium extravasation received surgical 
intervention and healed after 5 months. The 
results suggested that the standard protocols 
of extravasation management in our hospital 
are appropriate. However, it is still needed 
to pay attention to improving management 
through education and training of nurse for 
the safe administration other than intervention 
of extravasation27. 

Our study has some limitations. First, this is 
a retrospective study with a limited number 
of patients from a single center. It is possible 
that our results had residual confounding 
from uncollected parameters based on medical 
records. Second, the standard protocols of 
extravasation management need to be further 
improved based on big simple size. If available, 
we would enable a more complete and robust 
analysis to the risk of the occurrence of 
extravasation in the future. Nevertheless, our 
results are noteworthy because the observation 
of infused high volume/day, received operation, 
infused agents with high osmolarity and poor 
vein condition as independent risk factors for 
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patients with extravasation warrants further 
attention. 

This study provided important information 
about the incidence, risk factors and treatment 
of extravasation in pediatric patients in China. 
Infused high volume/day, received operation, 
infused agents with high osmolarity and 
poor vein condition increased the risk of 
extravasation. Further prospective research 
is needed to provide evidence on the role 
of these risk factors in pediatric patients 
with extravasation. It is important to nurses 
and physicians to prevent the occurrence of 
extravasation through evaluating risk factors. 
On the other hand, standard protocols of 
extravasation management should be adopted to 
prevent further deterioration and complications. 
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