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Abstract
Background: Paediatric minor traumas/wounds are one of the most common reasons to visit paediatric emergency
department (PED). In this study we evaluated how different specialty physicians in PED treat wounds and what methodologies
they used before developing a uni ed wound care SOP.
Methods: A prospective Questionnaire based one centre study was conducted in PED of Hospital of Lithuanian University of
Health Sciences Kauno Klinikos. All the physicians/fellows working in PED were asked to voluntarily ll anonymous
questionnaire after each patient who required wound management.
Results: In total, 166 questionnaires were collected and 148 were analysed. Mean age of the patients was 5.91 [3.13-8.13]
years. Average laceration length was 1.75 [1.0-2.0] cm. The main injury area was forehead (28.4%), hairy part of the head
composed 22.3% of all the wounds. Wounds did not differ in length treated by EM and surgical physicians; GP and
paediatricians managed smaller wounds. Most wounds were cleaned with chlorhexidine gluconate or combination with
hydrogen peroxide. 33.8% of wounds were sutured. In 12.8% suturing was combined with Steri-Strips™. In 43.2% of the cases
no needle methods were used. Suturing was most often chosen by the surgical specialty clinician/fellow (66.7%). 48% of the
patients were given anaesthesia (mostly locally). 8.7% of suturing cases received no anaesthesia at all. 4 children were
prescribed antibiotics for aftercare. The check-up date for sutures removal was associated with location of the wound.
Conclusion: this study revealed differences between various specialty physicians and fellows working in PED with regard to
wound management starting with wound cleaning to laceration aftercare and recommendations. Thus, it led to a wound care
SOP development seeking uni ed and evidence-based methodology of wound management and aftercare in PED.

Background
Injury is one of the leading reasons of paediatric acute care accounting over 20% of paediatric emergency department (PED)
visits [1,2]. Half of all performed procedures in PED is attributed to laceration repair [3]. In most of the cases paediatric
lacerations are in the scope of practice of non-surgeon as the majority are 2 cm or less, super cial and have slight risk of
complications [4]. Over time, with the advent of new and patient-acceptable methods of analgesia, sedation and wound
management, it has become possible to treat wounds in an innovative ways [5]. However, widely accepted laceration care
standards do not exist, so old and in these days sometimes controversial laceration repair practices persist, despite the fact of
reliable up-to-date evidence-based treatment strategies. The wound care of different specialty physicians is highly variable and
depend on clinician’s experience, training program and individual preference [6]. In most of the cases very young specialists
expand their knowledge by word-of-mouth and informal training. Our paediatric emergency team consists of physicians and
fellows of various training levels in minor and major trauma and different training programs. Moreover, in case of a very
speci c issue of minor trauma (lack of experience, somewhat complicated cases, social aspects of the PED visit) a specialist,
such as Oral and Maxillofacial surgeon and others may support the team. Thus, our aim of the study was to identify laceration
repair strategies between different PED clinicians, fellows and specialist. Additionally, our purpose stemmed from the changes
in fellow training which happened on the national and local level. Furthermore, in 2016 a new PED started to operate in trauma
and emergency care centre of our tertiary university hospital. With growing number of visits (up to 32 000 and 40 500
paediatric patients in 2017 and 2018 respectively) and ¼ being major and minor paediatric traumas, we observed a big
necessity to standardize and develop speci c guidelines for paediatric trauma care. At present, our facility has a standard
operating procedure (SOP) for major traumas, however, there are no speci c care recommendations for minor traumas, such as
wounds and lacerations. Thus, our goal following this study was to develop those recommendations and introduce them into
PED practice.

Methods
1. Study design and study population
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This was a prospective Questionnaire based single-centre study conducted in a Paediatric Emergency Department (PED) of
Hospital of Lithuanian University of Health Sciences Kauno Klinikos (LSMU KK). The data was collected between October 2017
and January 2018. All physicians and fellows working in PED were asked to voluntarily ll an anonymous questionnaire after
each patient who required wound care (suturing, stripping etc.). Our inclusion criteria were based on other studies and
recommendations and were as following: acute laceration, no exposure of mucosa and referral to PED less than 12 hours after
traumatic event. Wounds of any length, width and depth were included. We excluded animal and human bites, patients with
chronic diseases (diabetes, immunode ciency, cancer etc.), chronic wounds, heavily contaminated or infected wounds and if
patient required hospitalization [7–9].
2. Local paediatric emergency team
Our PED teams consist of emergency physician and/or general paediatrician. On the daily basis, paediatric, emergency (EM)
and general practice (GP) fellows are working in the PED. The wound care as well as laceration repair education of different
specialty physicians and fellows is very variable. After the new emergency physician training program was developed and
implemented into LSMU, by 2017 rst emergency fellows nished their residentship and started working in PED. Their training
program includes minor and major adult and paediatric trauma care as well as laceration repair strategies (suturing, stripping
etc.). Paediatric fellows as well as paediatricians do not have speci c training in wound management, as well as Lithuanian
regulation on paediatric practice do not include suturing. Thus, this competence was not obligatory to be added into paediatric
teaching curriculum. Meanwhile, suturing as well as standard wound and laceration care are included in the curriculum of GP
fellowship. Therefore, tactics of wound/laceration care strongly depends on fellows/physician’s knowledge, training and
experience. Most of the EM fellows start to work in PED in their fourth and fth year of training, thus, they are highly
experienced in minor trauma care. Meanwhile, paediatric fellows continuously attend PED starting from the second year of
training.
3. Questionnaire
A questionnaire was developed consisting of questions about demographic data, such as patient’s age and gender, as well as
basic questions, such as wound localization, length, depth/size, hours after injury and the choice of wound treatment.
Moreover, physicians and fellows were asked to ll-in their specialty and year of training (fellow physician) (Additional le 1).
This questionnaire was validated by a local bioethical committee and PED administration and it was not used before in other
studies. A questionnaire was dropped out due to data insu ciency or if inclusion criteria were not met. This was ensured by an
independent observer who assessed whether the wound met all the criteria for inclusion in the study. An independent observer
was PED administrator (having training in paediatrics) which was not involved in acute wound care at the time of procedure.
4. End points
Our primary endpoint was to evaluate physician/fellow wound closing preference and observe differences if any in wound
management and aftercare recommendations. As secondary endpoint was to develop laceration repair-wound management
guidelines.
5. Ethical consent
Permission to conduct the study was issued by Kaunas Regional Biomedical Research Ethics Committee Protocol No.: BE-2-54.
The study was conducted in accordance with Declaration of Helsinki and good clinical practice guidelines.
6. Statistical analysis
Data were analysed by Microsoft O ce 16.0 and IBM SPSS Statistics version 23.0 software (SPSS Inc., Chicago, IL, USA) for
Windows. Descriptive statistics was used to describe basic features of the study. Continuous variables are expressed as mean
± standard deviation or median and interquartile range. The Chi-square (χ2) criterion and one-way ANOVA was used for
statistical analysis of qualitative characteristics. A p-value of <0.05 was considered statistically signi cant.
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Results
1.General ndings
In total, 166 questionnaires were collected. Only 148 met the inclusion criteria and were submitted for further analysis (Figure
1). The mean age of the patients was 5.91 [3.13-8.13] years. Average laceration length was 1.75 [1.0-2.0] cm. 55.4% of all
cases were dermal wounds, 43.3% were evaluated as super cial and just 1.4% were subdermal wounds. The main injury area
was forehead (28.4%), hairy part of the head consisted 22.3% of all the wounds, limbs - 14.2%, 12.2% - chin, area around the
eyes – 11.5%.
2.Wound care team characteristics
52% of all lacerations were managed by EM physician/fellows. 21.6% of the children were treated by GP fellows or paediatric
physicians as well as fellows. In 26.4%, the team was supported with surgical specialty clinicians and/or fellows
(Ophthalmologist, Ear-nose-throat doctor or Oral and Maxillofacial Surgeon) (Figure 1). All EM fellows were in the 4th year of
their training. Most of the surgical speciality fellows were in the 3rd year of their residency or younger and only 11.4% (n=4)
were 4th year fellows. Majority of GP and paediatric fellows were 2nd (55.6%) or 3rd year (37%) residents. Older patients were
managed by EM physicians/ fellows compared to GP and paediatricians and fellows (6.88 [4.2-9.85] years vs 4.27 [2.6-5.2]
years respectively, p<0.05). The length of laceration which were treated by surgical specialties or EM physicians/fellows did
not differ (2.03 [1.1-2.9] vs 1.8 [1.0-2.0]cm respectively, p>0.05). GP fellows and paediatric doctors and fellows took care of
smaller wounds – 1.23 [0.5-1.0] cm (p<0.05).
3.Pain management and anaesthesia
52% of the patients received no sedation/anaesthesia (n=77). Most of them (n=37) were treated by EM physician/fellow. Main
choice of GPs and paediatric fellows was anaesthesia free laceration treatment tactics as well, i.e. 84.4% (n=27) of all their
managed cases. We observed that it correlated with wound repair method and patient’s age; in 90% of the cases where wound
repair method was chosen as non-invasive or laceration was left to self-heal there was no anaesthesia applied (R=0.8, p<0.05).
However, 6 children (3 treated by EM and 2 by a surgeon) of all the suturing cases (n=69) received no anaesthesia. Those
children were likely to be older (7.5 [5.63 – 9.13] years). In general, we observed higher tendency older children to receive no
anaesthesia (mean age 7.68 [5 -10] years) compared to those (n=3) who underwent general anaesthesia (4.47 [2.88 – 5.83]
years). Local in ltration anaesthetic was chosen in 35.8% of the cases as follows: lidocaine 2% - in 35.1% (n=52) of the cases
and one child received procaine 1% (mean age 7.68 [5-10] years). In contrast, younger children were given topical
anaesthetics/analgesics as following: lidocaine spray in 4.7% (n=7) of the cases (mean age 4.13 [3.58 – 5.17] years), EMLA
was not used as monotherapy. Six children were applied both topical (EMLA or lidocaine spray) and local injectable
anaesthetics; for 2 children topical EMLA application or lidocaine injection proceeded general anaesthesia (Table 1). EM and
surgical specialities applied local anaesthesia in 38.3% (n=31) and 54.8% (n=23) of the cases respectively. The data with
regard to oral/intravenous pain medication was missing thus it was not included in our data analysis.
3. Wound care
Cleaning
In 6.8 % of all lacerations no cleaning method was applied. There was no correlation with laceration depth, wound closing
method or physician speciality. In 68.1% (n=101) of all the wound cleaning cases, chlorhexidine gluconate (ChG) was chosen
alone or in combination (Table 2). It was most often combined with hydrogen peroxide (HP) which we noted to be the second
solution to be selected for irrigation (alone or in combination). 11.5% of children lacerations were cleaned with NaCl 0.9% and
3.4% with tap water. In 6.8 % of all wounds no cleaning method was applied, and no correlation with laceration depth, wound
closing method or physician speciality was found.
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EM physicians and fellows cleaned 95% (n=72) of their treated wounds and they preferred ChG (n=26) or hydrogen peroxide
3% alone (n=6) or in combination (n=25). From all the specialities, EM used HP alone or in combination statistically
signi cantly more often compared to others (n=35 vs n=2 (surgeons) vs. n=6 (paediatrics, GP) p<0.05). Other irrigation solution
preferences between specialities were not statistically signi cant (p>0.05) (Table 3).
Repair
Suturing was rst method of choice for the surgical speciality clinician or fellow and it accounted for 66.7% from all the cases
referred to a specialist and for 37.7% of all performed suturing. GP fellows, paediatric physicians or fellows sutured just in
15.7% of the cases (n=5), EM physicians/fellows performed suturing in 49.4% (n=38) (Table 3). 33.8% of the wounds were
sutured only. In 12.8% of all the cases suturing was combined with Steri-Strips™. Suturing was chosen for older children
compared to non-invasive wound care methods (7.3 [4.67 – 9.96] vs 4.57 [2.46 – 6] years respectively, p=0.008). In 43.2%
(n=64) of the cases clinicians or fellows preferred closing with no-needle methods as following: 10.1% of all the cases were
closed with tissue adhesive and 33.1% with Steri-strips™. After initial wound assessment, 10.1% were referred home without
any speci c wound management (Figure 2). Self-healing was favoured for patients 6.16 [3.5 - 7.05] years old.
After care
In all of the cases, removal of sutures and control was referred to the local GP. Most of the patients (47.6%) received
recommendations to remove stitches in 7-10 days, following with the 41.5% of children who were advised to refer for stitches’
removal in 5-7 days.
In 8.5% of the cases, patients were informed to remove stitches after 3-5 days. Removal after 10-14 days was advised for –
2.4% of the children. We observed that suture removal time recommendation was chosen according to laceration location: for
laceration in forehead, hairy head parts, sutures removal mainly was recommended after 7-10 days; for chin, mouth – after 5-7
days, and for limbs almost equally often 5-7 and 7-10 days.
Four (2.7%) patients were prescribed antibiotics: Amoxicillin in 3 patients of whom 2 received suturing and one Steri-strips™.
One child after suturing was administered Cefadroxil.

Discussion
In our study, we evaluated how wound/laceration care/management is performed in our PED. Moreover, we analysed the
differences in laceration repair between clinicians and fellows of various specialties working in PED.
Wound/laceration management and care are usually a big challenge for doctors with regard to what treatment tactics to use.
For this purpose, certain methodologies are being developed and used to enable physicians and fellows to choose and follow
the appropriate wound evaluation and management technique. Despite the large proportion of patients with minor trauma
referring to our hospital, our PED still does not have a uni ed and accepted wound care SOP. As a result, young physicians and
residents working in PED have to follow word-of-mouth or their own personal knowledge and not always use correct or
study/evidence-based practices.
-General ndings
We observed no difference in length of the wound being treated by surgical specialties or EM doctors/fellows. Interestingly, we
noted that paediatricians and GP fellows managed smaller and shorter wounds. This could be the reason why they chose noneedle techniques more often. Also, EM physicians treated older children than paediatric doctors/fellows and GP fellows. Our
personal observation leads to hypothesis that paediatricians and GPs have higher clinical experience in caring for smaller
children and communicating with them, thus, were more involved in their care in PED. However, this does not re ect the
situation regarding all clinical cases/diseases referring to PED.
-Wound management and anaesthesia
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In our study, most of the cases of paediatric wounds were small, super cial with a slight risk of complications. According to
the results of questionnaires, most of the wounds were small and usually not deep. Non-invasive wound management
techniques could usually have been su cient for such wounds. However, we have noticed that almost half of all wounds were
sutured. We observed that older children were chosen suturing (7.3 [4.67 - 9.96] years), however, younger children received noninvasive treatment methods (4.57 [2.46 – 6] years). Interestingly, anaesthesia was not used in six suturing cases and the age
of these patients was about 7.5 [5.63 – 9.13] years old. Typically, anaesthesia is not given when the wound is left to self-heal
or treated by non-invasive techniques (gluing or stripping). The fact that a signi cant number of the wounds during suturing
procedure were not anesthetized (8.7%, n=6) raises a concern. Painful experiences/procedures during primary care/emergency
or hospital visits lead to increased anxiety or fear associated with medical care. Moreover, it can contribute to disturbed sleep,
mood swings or post-traumatic stress disorder [10]. Even in the presence of needle fear or to avoid injection, the literature
indicates needle-free local anaesthesia (e.g., lidocaine, tetracaine and adrenaline gel) may be used [11]. In our study, topical
anaesthesia was applied to only about one in ten patients using a lidocaine spray or EMLA gel (alone or combined with
another anaesthesia method). In addition, younger patients were more likely to receive topical anaesthesia for wound care
(4.13 [3.58 – 5.17] years). According to the study performed by Kristin Olsen et al., EMLA gel is effective for about 30-60
minutes. This topical anaesthetic can be applied to healthy skin and access directly into the wound should be avoided .
Lidocaine spray is more suitable for mucous membranes . Thus, it can be safely used in any age and must be applied to avoid
increased anxiety and pain which can worsen procedural outcomes. We noticed that EM physicians or fellows chose local
anaesthesia in more than 1/3 of their wound repair cases, surgical specialists used this type of anaesthesia in half of their
cases. We observed that most commonly in ltration with lidocaine solution was performed, which is reported in the literature
as one of the most reliable types of anaesthesia because of its quick and su cient action [13]. The medium age of patients
who received local injectable anaesthesia was 7.68 [5-10] years old. In our study general intravenous anaesthesia was
extremely rare, and other studies described it as an option . This method was given for patients who were approximately 4.47
[3.58 – 5.17] years old. It is offered to apply this method for younger and more scared children [13]. We also noticed that some
specialists combined two methods of anaesthesia. We can only speculate that this could be due to the failure of one
anaesthesia method selected. Interestingly, our study demonstrated that GP and paediatricians used anaesthesia-free methods
more than other specialties. It could be related to wound characteristics per se as GP and paediatricians/fellows were more
likely to treat smaller wounds. However, lack of experience in suturing or lidocaine injections can be the biggest stimulus to
select needle-free approaches.
-Wound cleaning/irrigation
The data regarding wound cleaning/irrigation are controversial. Some of the studies suggest tap water as a safe irrigation
solution with no increased infection risk [15,16]. Several investigators found no difference between various antiseptic solutions
but indicated that Chlorhexidine 0.02% or Hydrogen peroxide 3% (HP) causes cell damage and thus worsens wound healing
[15,16]. Surprisingly, we detected that these two solutions were chosen most frequently for wound cleaning. EM physicians and
fellows preferred ChG and HP alone or in combination in most of the cases. Other specialty physicians and fellows chose ChG
in 45.2% and HP in 6.1% of the cases (in 19.6% of the cases both irrigation solutions were used). Other solutions as tap water
or NaCl were less preferred. It is quit an interesting observation as our study excluded animal bites or heavily contaminated
wounds.
-Techniques of wound repair
After analysis, we realised that all wounds received primary wound closure or were left to heal by itself. Majority of the wounds
were treated non-surgically with tissue adhesives or tape, and only 47% (69/148) were sutured. According to different data,
sutures are recommended for larger wounds and in the case of strong skin tension due to the risk of separation of the wound
edges. Although, it is associated with higher risk of infection caused by needle trauma and the type of suture within the wound
[17]. Tape and tissue adhesive can be used for minor trauma with minimal skin tension. Studies show that tissue adhesives
have signi cantly shorter time of wound treatment compared with suturing [17–19]. However, they also have certain
disadvantages, such as the ability of wound separation or require special learning skills. Our study revealed that
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paediatricians/paediatric fellows and GP fellows preferred Steri-strips™ and tissue adhesive. Meanwhile, surgical specialties
chose suturing in most of the cases. EM physicians/fellows performed both methods almost equally. There are many
circumstances that could have led to these results. One of the reasons could be education and experience related to primary
wound diagnostics and treatment selection. As our PED working teams are mixed (paediatrician, EM physician, paediatric-, EMand GP fellows) methods can relate to individual choice, previous experience and study curriculum. Our paediatricians do not
have that much experience in suturing as this was and still is not covered in their curriculum, so these physicians prefer noninvasive methods to invasive. Recently, updates in paediatric residency curriculum has been made with regards to trauma care
and wound management leading to improved knowledge, skills and experience in paediatric fellows. Emergency fellowship is a
new residency program in which residents are taught to treat minor trauma by suturing and using tissue adhesive or Steristrips™. They have enough knowledge to decide which method should be used in a speci c situation.
-Aftercare
The probability of infection of small wounds or lacerations is less than 6.3% [20]. However, the choice of antibiotic prescription
depends on the wound itself and the mechanism of the injury. Patients with chronic comorbidities or immune de ciencies are
expected to receive systemic antibiotics after wound treatment. When a wound is infected, contaminated, or contains foreign
bodies, and when it is an animal bite, antibiotics should be prescribed [21]. Antimicrobial agents that act on gram+
microorganisms can sometimes be selected even with minimal trauma. These could be rst-generation cephalosporins or
macrolides in the case of allergy to penicillin. Amoxicillin-clavulanic acid can be used for animal bites [22]. In our study, 4
children received systemic antibiotics (3 of them - amoxicillin and 1 cefadroxil). None of them had any comorbidities which
could have any in uence to wound healing (e.g. immunode ciency, coagulation system disorders, etc.). Wounds were not
contaminated. Even with only four cases, antibacterial treatment should be chosen wisely as overtreatment leads to increased
antimicrobial resistance [23].
Different guidelines recommended to remove sutures after 7 to 14 days from scalp, after 5 days from face area, after 3 days
from eyelids and neck and after 8 to 10 days from extremities [24]. We documented that physicians and fellows’
recommendations were not cohesive and did not adhere to any international recommendations of wound after-care. Stitches
from head area were recommended to be removed after 7 to 10 days, from face area after 5-7 days and from extremities after
approximately 5-10 days. This again con rmed our aim to implement uni ed wound management and care guidelines.

Limitations
Our study has several limitations. The questionnaire could have been more accurate regarding location of laceration, as our
physicians had to ll open type questions, e.g. to answer “head” was inaccurate because we could not predict if it was hairy or
no-hairy part of the head. Thus, such answers were excluded. Also, questionnaire could have more detailed information about
analgesia before procedure, wound depth, skin tension and reasons of physician’s choice. Another limitation is that we did not
include larger wounds. We did not ask parents in parallel what their preferences for wound management were. Also, we did not
estimate paediatric patient’s anxiety level before procedure which could have in uenced the laceration repair method.
Moreover, we did not monitor the duration of one or other method and the length of stay in PED.

Conclusion
In our study we evaluated what wound care methodologies are used in our PED. We have noticed that there are a lot of
differences in wound cleaning, anaesthesia and primary treatment not only between doctors of different specialties, but also in
the same specialty. This showed how important wound management and after-care SOP was. Children are a sensitive group of
patients and it is important to unify wound management techniques and to develop a single and evidence-based methodology
that could be used by different specialty physicians and fellows.

Recommendations
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After this study, we developed a wound diagnostic/management and after-care SOP. When the paediatric patient comes to
PED, rst of all bleeding control should be provided, if it is necessary the X-Ray has to be done when fracture or debris are
suspected. However, pain evaluation and control have to be prioritised and proper analgesia has to be ensured based on our
pain management SOP (S1). Then, wound evaluation should follow. Primary wound treatment should be preferred if laceration
is not infected, without visual contamination and if the wound is not older than 12 hours. Local or topical anaesthetics have to
be given in case of suturing or even non-invasive treatment methods, such as gluing or stripping. In case if a child is anxious or
scared, general anaesthesia is recommended. Wound revision, cleaning and closure based on type, depth and location of the
wound should be performed. If it is necessary, antibiotics have to be prescribed and the main choice for that should be 1st
generation cephalosporins. Child’s as well as parents’ compliance and social environment has to be evaluated (if further checkups will be recommended). If the wound is sutured, stitches have to be removed after 3-5 days from the face area, after 5-7
days from hairy head parts and from extremities and other parts of the body – after 7-10 days (Figure 3).
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Tables
Anaesthesia method

Cases (%)

General anaesthesia

2.0%

EMLA

0%

Lidocaine spray

4.7%

Lidocaine 2%

35.1%

Procaine 1%

0.7%

No sedation/anaesthesia

52%

More than 1 method used

5.4%
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Wound cleaning method/irrigation solution

Cases (n)

Cases (%)

ChG

67

45.2%

NaCl 0.9%,

17

11.5%

No cleaning

10

6.8%

HP 3%

9

6.1%

Tap water

5

3.4%

ChG + HP 3%

29

19.6%

NaCl 0.9% + HP 3%

5

3.4%

ChG + NaCl 0.9%

3

2.0%

ChG + Betadine Antiseptic Solution + NaCl 0.9%

2

1.3%

NaCl 0.9% + Betadine Antiseptic Solution

1

0.7%

More than 1 irrigation solution n=40 (27%)

Specialty

Surgical

GP and paediatric

Emergency Medicine

Cases (N)

39

32

77

Anaesthesia

Local 54.8%
(N=23)

Anaesthesia free 84.4%
(N=27)

Anaesthesia free 45.1% (N=37)

Suturing (% from all the
cases)

N=26

N=5

N=38

Irrigation solution

No preference

No preference

Hydrogen peroxide (N=35)

Figures
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Local anaesthesia 38.3% (N =
31)

Figure 1
General characteristics of the study N: Number of cases; EM: Emergency medicine; GP: General practice; OMFS: Oral and
Maxillofacial Surgeons; ENT: Ears, nose and throat doctors.

Figure 2
Choice of wound management
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Figure 3
Wound diagnostic/management algorithm (Adapted from Forsch Rt et al., 2017 [25]) EMLA: Eutectic mixture of local
anaesthetics; ChG: Chlorhexidine Gluconate; HP: Hydrogen peroxide; AB: antibiotics.
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