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: ) with such presentations require a watchful and detailed clinical as-
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sessment to overcome the anticipant possibility of missing them.
However, the diagnosis based on the clinical evaluation is usually

IF(?F' :i/g;dsb'o dies challenging and needs to be supported by imaging modalities that
FB are suboptimal and may fail in identifying some types of foreign
Novel bodies. Owing to that, serious complications such as chronic pain,
Vacuum infection, and delayed wound healing can be faced that necessitate
Negative pressure a prompt intervention to halt those detrimental consequences. The
Soft tissues classical method of removal is a surgical exploration which is not

free of risks. It can cause injuries to vital structures such as nerves
and tendons if the foreign body is close to them, also it can be
affected by the surgeon’s experience and the foreign body’s char-
acteristics.

In light of that, we conducted a single-center study to understand
the utility of a novel vacuum-assisted technique for foreign body
removal. The technique is noninvasive and facilitates a real-time
foreign body extraction using readily available materials. Twenty
patients with 23 Foreign Bodies of various kinds, shapes, and sizes
were recruited in our study by using a nonprobability convenient
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sampling method. Results demonstrated the ability of the described
technique to extract 22 of them with no noticeable side effects.
This study may encourage further trials adopting similar principles
to promote the management of retained foreign bodies with fewer
complications, and a potential of time and cost-saving.

© 2020 The Author(s). Published by Elsevier Ltd on behalf of
British Association of Plastic, Reconstructive and Aesthetic
Surgeons.
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Introduction

Retained Foreign Bod(ies) (FB) following penetrating, lacerating, or crush injury are frequently en-
countered in the Emergency Department and the Plastic Surgery practice. When FB are suspected, a
thorough assessment of the wound is fundamental since they are often overlooked during the ini-
tial evaluation."> General diagnostic workup for retained FB involves a detailed history and physical
examination as well as imaging techniques that are suboptimal and not always successful in iden-
tifying all types of FB.!:3”7 As a result, delayed presentation, in some cases, can be unavoidable and
leads to several complications that warrant removal such as chronic pain, soft tissue infection, delayed
wound healing, and abscess formation,®-1° in addition to the late intervention which results in further
neurovascular injuries, blood loss and a wider surgical incision with more chances for iatrogenic se-
quelae.'!.12

The optimal therapeutic window for FB removal is the first 24 h post-injury to permit better eval-
uation of the wound’s entry and exist also, to reduce the inflammatory response and scar formation.'?
However, surgical removal in emergency settings is usually challenging and multifactorial. FB may re-
side deeply in soft tissues with close proximity to vital structures such as nerves and tendons making
their extraction technically difficult.>:'> On the other hand, the elimination process can be influenced
by the surgeon’s experience, the appropriateness of the setting, and the FB characteristics like the size,
shape, and the materials’ type.2-4

Furthermore, the blind surgical exploration for approaching and managing FB is invasive and may
expose the patient to additional risks.'!"'2 Thus, research advocated the utility of ultrasound-guided
interventions to mitigate the blind surgery-associated complications, yet, none of them has been rec-
ognized as “ideal” due to various limitations in terms of availability, accuracy, and reliance on the
operators’ experience,!2-13.1>-17

In light of those facts, this study has been conducted to demonstrate a novel vacuum-assisted
technique for FB removal which harnesses readily available materials to achieve a noninvasive, real-
time FB extraction at the point of care, hence, fewer complications, with a potential of time and
cost-saving.

Methods
Patients’ recruitment

This was a single-centre study conducted over 18 months. All patients who visited the Plastic
Surgery Department of the hospital were considered for this study. By using a nonprobability con-
venience sampling process, 20 patients have participated in this study. Any patient with suspected
FB met the inclusion criteria. Patients were excluded from the study only if the written consent to

participate in this trial could not be obtained.
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Figure 1. The modified Syringe. A. The conventional five ml syringe. B. The modified syringe after cutting the distal part.
---- The place of cutting.

Study materials

A conventional needle-free five ml syringe manufactured by BD (Becton-Dickinson, Franklin Lakes,
NJ, USA) has been used. It is a disposable syringe with a Luer-Slip tip type. Under a sterile condition,
the distal part of the syringe’s barrel, and the syringe’s tip were removed with the aid of a scalpel
blade No. 24 and a circle cut with even margins was attained, Figure 1.

Patients’ assessment and procedure

The recruited patients underwent a thorough assessment as per the hospital guidelines by two
plastic surgery consultants, with two separate sessions to mitigate the inter-observer influence. The
process included attaining a full history regarding the date, duration, and the mechanism of injury
along with a general physical examination and a local wound examination of clinical signs that herald
FB retention like pain, swelling, erythema, mass on palpation, abnormal sensation and neurovascular
deficits.210-1® When the two plastic surgery consultants agreed on the presence of the FB, an X-ray
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Table 1
Summary of study results.

Case Nage/Gend@No.) / Type of the BBte of the FB Length* Width of the FB in mfiime from the onset to presentation

1 23y F (1) wood Hand 10x3 5d
2 52y F (1) wood Hand 16x2 25d
3 33y M (3) metallic Trunk (2) Thigh (3)x 5 10d
4 14y M (1) wood Foot 11x2 30d
5 42y F (1) wood Hand 7 x3 3d
6 28y M (1) metallic Hand 5x3 14y
7 55y M (1) wood Hand 13x2 7d
8 19y F (1) wood Foot 14x3 28d
9 26y M (1) glass Face 7 x4 5d
10 34y M (1) glass Face 5x2 8d
11 22y F (1) wood Hand 10x3 12d
12 30y F (1)W00d Foot 15x3 11d
13 41y M (1) metallic Arm 5x5 50 d
14 20y F (1) wood Hand 5x2 7d
15 41y M (2) glass Face 4 x 2 11d
16 62y M (1) wood Hand 11x2 25d
17 19y M (1) glass Foot 4 x2 30d
18 72y M (1) wood Foot 12x2 38d
19 46y F (1) wood Hand 8 x2 12d
20 23y M (1) wood Hand 9 x2 6d

F, female; FB, Foreign Body; M, male; d, days; y, years.

image and/or an Ultra-Sound (US) visualization have been done to the wound, to support the clinical
evidence of the FB presence and also, to help in the pre-intervention of the FB localization.

After determining the FB site, either by the imaging modalities (X-ray or US) or by the clinical
signs (i.e. the area of maximum tenderness or fluctuation), a small skin incision was created via a
surgical blade no.15 under a local anesthetic condition. The length of the incision varied according to
the shape and the size of FB. However, it should be equal to the shortest dimension (the width) of
the FB to allow a passive delivery of the FB with the least possible tissue damage.

Then, the modified syringe, Figure 1, was perpendicularly applied to the site of incision and the
syringe plunger was pulled gradually to its end. This method creates a negative pressure environment
which was sufficient to pull the FB, and after three to five trials the FB was successfully evacuated.
The method is illustrated further in the accompanying Video.

Following the removal of the FB, the wound was thoroughly irrigated, and dressings were applied
as per the hospital practice with no need for suturing as the incisions were small in all the cases.

Results

A total of 23 retained FB in twenty patients have been subjected to the mentioned technique. In
all cases, the presence of the FB was suggested clinically with a100% agreement between the two
observers (i.e. the plastic surgery consultants both agreed on the presence of the FB based on their
clinical assessment). Furthermore, the FB existence was confirmed by the imaging techniques in all
patients. The duration between the date of injury and the date of the retained FB presentation varied
from a few days to many years with a median of 11.5 days. Eleven of the 23 FB were located in
the upper extremities, while other patients had the retained FB in their lower extremities (six of the
23 FB), the face (four of 23 FB), and the trunk (two of the 23 FB). As per the imaging findings, 17
out of the 23 FB were superficially located relative to the FB inlet whilst others were deeply settled
within the soft tissues. Additionally, the dimensions’ mean of the visualized FB was (three xeight) mm
(measured by the imaging techniques). The majority of the FB isolated were organic (wood). However,
other FB materials like glass pieces, needles, and shells were also evacuated. In this study, we were
able to extract all the FB visualized by the imaging techniques except for one case. Table 1 summarizes
the study results.
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Case reports

A record of two patients recruited in this study shows the ability of the modified syringe to extract
the retained soft tissue FB and the effect of the delayed intervention on the utility of this method as
a result of fibrosis.

Patient 2

A 52-year-old female presented with pain and tenderness over the proximal phalanx of the right
index finger. She gave a history of pricking the mentioned site before 25 days when she was working
in the garden. On examination, there was a mild swelling, redness, tenderness and a palpable mass
(FB) felt by the bimanual palpation. The US showed the presence of a FB measuring 16 mm x 2 mm
and appeared to be a piece of wood. The patient was admitted to the Operation Room (OR) for the FB
extraction under local anesthesia (lidocaine 1%) using the mentioned technique. After retrieving the
FB, the wound was irrigated with Normal Saline and the patient was kept on monitoring for three
hours. The patient was assessed during the subsequent follow-up visits, three visits with two-week
intervals and no complications were witnessed. The accompanying Video illustrates the extraction
method of the FB from the patient’s 2 right index finger using the modified syringe.

Patient 6

A 28-year-old health care worker in the Radiology Department, attended the Plastic Surgery out-
patient clinic when he felt a sudden onset of pain and abnormal sensation in his left thumb after
being appointed to work in the MRI unit for the first time. He denied any history of trauma or injury
in recent years; with no abnormal findings on the clinical examination. However, his X-ray imaging
showed a metallic FB in the proximal phalanx of his left thumb. The patient was admitted to the OR
and a small incision was done over the dorsal aspect of the designated site. Five trials of retrieving
the FB were attempted using the modified syringe, but no benefit was yielded. A decision of switching
to the classical open surgery method was made and the FB was founded to be deeply sited within the
soft tissues and surrounded by fibrosis. The wound was irrigated and dressed according to the hospi-
tal’s routine practice and the patient was discharged. On the follow-up visits, the patient remembered
that he was a victim of a blast injury14 years ago and he had sustained a small wound in his left
thumb at that time.

Discussion

Wounds with retained FB are a common presentation in the Emergency and Plastic surgery Depart-
ments which could be passed unnoticed during the initial assessment.!® Inevitable complications, as
a result, are usually seen making the early detection and removal of FB of critical importance.8-10.11.13
The identification and retrieval process of the retained FB in the acute care settings is not always
straightforward?? and can be affected by the FB nature, the injury mechanism, and human-related
factors.2:3:13.14.21

The utilization of the negative pressure principle in wounds’ management has a deep-rooted his-
tory?? until nowadays, it has been proving its ability to promote wound healing, enhance the neovas-
cularization process, and granulation tissue formation.?2-2 Although the role of the negative pressure
application has been reported in the literature for removing debris and dead tissues from various
injuires,?>:26 the utility of this approach in managing the retained soft tissue FB per se is not well-
established, in addition to a variety of technical limitations, and the relatively high cost of sophisti-
cated systems.?’-29

In this trial, we tried to explore the feasibility of applying the negative pressure concept for the
retained FB removal through harnessing readily available, non-invasive, and easy to use materials. We
used the previously explained modified syringe to evacuate various kinds, sizes, and shapes of FB,
and the procedure was successful in all cases except in “patient 6” where the presence of the fibrosis
interfered with a passive FB extraction.

The negative pressure generated by a five ml conventional syringe was measured by a previous
study and found to be approximately 334 mmHg of a maximum vacuum.>? However, according to
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Haseler et al.>® who examined 20 operators, they found that the maximum vacuum could be achieved
by 13 operators only. Also, in our application, the syringe was not tightly sealed to the wound, thus
the exact pressure generated within the soft tissues cannot be determined. Studies show that the
application of 125 mmHg negative pressure to the wound surface activates biological pathways and
increases the blood flow rate.23:31:32 However, for the purpose of the FB removal, higher pressure
amounts should be applied.?® There is a controversy on the safe pressure threshold that should be
employed on the soft tissues. The negative pressure of 400 mmHg or greater on tight seal applications
has shown a decline in the blood flow resulting in ischemia that is manifested as pain and discomfort
by patients,3!-34 yet, no one of our patients experienced such symptoms.

While performing the procedure, the modified syringe was also able to drain the collected pus
and debris associated with the FB which can enhance the wound healing process.3®> This technique
can be carried out easily with no notable adverse effects, besides the other advantages of avoiding
the possible iatrogenic injuries to the vital structures associated with the conventional methods as
well as the anesthesia risks and the post-surgery scar formation. On the other hand, this study can
pave the way for similar approaches in the future, but with some more modifications with regards to
the amount of the applied vacuum or the shape of the syringe which could refine the general concept
of this method. Moreover, the described technique can be used for other kinds of FB like injectable
silicon, for instance.

Study limitation

One of the variables that should be considered is the mass of the FB and its relation to the amount
of negative pressure applied. In this study, the mass of the evacuated FB was not measured. The num-
ber of suction trials and its relation to the location and the depth of the FB within the soft tissue
should be determined as well. In addition to the need for a method to standardize the used negative
pressure. The main objective of this study is to spot the lights on the utility of negative pressure in
managing retained soft tissue FB with the aid of a simple and non-invasive technique. A larger-scale
study with a better standardization should be attempted to affirm the feasibility of utilizing this con-
cept. Despite its easiness and availability, the explained approach may fail to extract the deeply sited
FB. Furthermore, the period between the injury and the presentation plays a critical role in determin-
ing the effectiveness of this maneuver. As the results show, the longer the period the more the chance
of developing fibrosis and this will tether the FB and hinder their extraction. However, this study can
open up an avenue for future endeavours of utilizing the vacuum-assisted retained FB removal.

Prior presentations

None.

Funding

None

Conflicts of Interest

None declared

Ethical approval

Not required.

Supplementary materials
Video legend
Illustration of the Foreign Body extraction technique from the patient’s 2 right index finger
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Supplementary material associated with this article can be found, in the online version, at doi:

10.1016/j.jpra.2020.10.008.
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