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Evaluation of hand injury management at the emergency department

— are we getting better?

Zbrinjavanje povreda Sake u urgentnom centru — da li napredujemo?
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Abstract

Background/Aim. Hand injuries are one of the most
common injuties seen in emergency departments. Inade-
quate treatment can lead to prolonged healing, complica-
tions, significant morbidity, and serious disability. The aim
of this study was to evaluate the epidemiology, risk factors,
and treatment of hand injuries in one tertiary care level clin-
ical center. Methods. This study was designed as a descrip-
tive retrospective epidemiological study that involved all pa-
tients with hand injuries treated at the University Clinical
Center of Vojvodina, Novi Sad, Serbia for seven years. The
authors collected sociodemographic and clinical data such
as age, gender, mechanism of injury, type of injury, days of
hospitalization, type of defect reconstruction, the time of in-
jury, the timing of surgery, and reasons for operative treat-
ment delay. For every hospitalized patient the Modified
Hand Injury Severity Score (MHISS) was calculated. All da-
ta were analyzed using SPSS IBM 21.0 software. Results.
From 2012 to 2018, 34,796 patients were treated for hand
injury at the University Clinical Center of Vojvodina, with

Apstrakt

Uvod/Cilj. Povrede $ake spadaju medu najéesée povrede
koje se sre¢u u urgentnim centrima Sirom sveta. Nead-
ekvatno lecenje moze dovesti do produzenog zarastanja,
komplikacija, znacajnog morbiditeta i invaliditeta. Cilj ra-
da bio je da se sagledaju epidemiologija, faktori rizika i
tretman povreda Sake u jednom tercijarnom klinickom
centru. Metode. Studija je dizajnirana kao deskriptivna
retorspektivna epidemioloska studija koja je obuhvatila
sve pacijente sa povredama Sake lecene u Univer-
zitetskom klinickom centru Vojvodine u Novom Sadu,
Stbija u sedmogodi$njem periodu. Analizirani su opsti
sociodemografski i klinicki podaci: starost, pol, mehani-
zam povrede, tip povrede, duzina hospitalizacije, nacin
rekonstrukcije defekta, vreme povrede, duzina ¢ekanja na
operativno zbrinjavanje i razlozi za odlaganje operativne
intervencije. Za svaku povredu lecenu u hospitalnim
uslovima izra¢unat je modifikovan skor za procenu

554 (1.6%) hospitalized patients. The mean age of patients
was 43.2 years; the majority of them (87.55%) were men,
and most (47.2%) were injured at home. Most injuries oc-
curred during knife handling. The average length of stay for
hospitalized patients was 4 days. MHISS score for most pa-
tients was over 50 and was classified as severe. It was no-
ticed that the waiting time for operation became shorter
throughout the selected years. Conclusion. Hand injuries
present a complex problem that can sometimes be underes-
timated by patients. The requirement of highly specialized
hand surgeons, sometimes special equipment (e.g., micro-
scope), multiple operations, prolonged rehabilitation, possi-
ble invalidity, and high cost of treatment calls for careful
evaluation of the problem and the development of proper
strategies in order to be able to lower the costs and obtain
better medical care for all people with higher injury risk.

Key words:

emergency service, hospital; hand injuries;
reconstructive surgical procedures; risk factors; trauma
severity indices; treatment outcome.

tezine povrede Sake (MHISS). U obradi podataka
koriscéen je softverski paket SPSS IBM 21.0. Rezultati. U
analiziranom periodu (2012.-2018. godine) tretirano je
34 796 pacijenata sa povredama Sake, od kojih je hospi-
talizovano 554 (1,6%) pacijenata. Prose¢na starost hospi-
talizovanih povredenih pacijenata bila je 43,2 godine;
87,55% pacijenta cinili su muskarci, a povrede su
veéinom (47,2%) nastale u kuénim uslovima. Najcesci
uzrok povreda bilo je rukovanje ostricom noza. Prose¢na
duzina hospitalizacije iznosila je 4 dana. Vrednost
MHISS kod veéine je iznosila preko 50, sto se klasifikuje
kao teska povreda. Uocen je trend smanjenja duzine
¢ekanja na operativno lecenje tokom posmatranih godi-
na. Zaklju¢ak. Povrede Sake predstavljaju kompleksan
problem koji pacijenti nekada potcenjuju. Potreba za hi-
rurzima visoko specijalizovanim za Saku i, ponekad,
specificnom opremom (npr. mikroskop), visestruke oper-
ativne intervencije, dugotrajna rehabilitacija, potencijalni
invaliditet i visoki troskovi lec¢enja ukazuju na po
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trebu da se ovaj problem pazljivo proceni i kreira ad-
ekvatna strategija kako bi se smanjili ukupni troskovi i
pruzio bolji tretman osobama izloZzenim vecem riziku od
povrede.

Kljucne reci:

hitna sluZba, bolnica; $aka, povrede; hirurgija,
rekonstruktivna, procedure; faktori rizika; povrede,
indeksi teZine; leCenje, ishod.

Introduction

Hand injuries are one of the most common injuries seen
in emergency departments (EDs). As almost every human
activity involves hands, they are the most exposed part of the
body and thus are often prone to different kinds of injuries
such as lacerations, cuts, crush injuries, amputations, sprains,
infections, fractures, burns, etc. Most hand injuries are minor
and usually heal without problems. People are used to getting
small burns while cooking, cuts while working, or being
scratched while playing with animals, so one may often un-
derestimate the level of injury and try to solve problems with
inadequate home remedies or improvised treatment in a non-
sterile environment. Postponed or inadequate treatment can
lead to prolonged healing, complications, long-term morbidi-
ty, and even serious disability. As in leisure and home activi-
ties, occupational hand injuries contribute significantly to the
total count of injuries .

It is estimated that between 16% to 30% of all emer-
gency visits occur due to hand injuries in the USA ®. The
United States Bureau of Labor Statistics reported that hand
injuries are the second most common injury resulting in days
away from work (DAFW). Incidence rates for non-fatal hand
injuries involving DAFW per 10,000 full-time workers for
2018 in the USA report the highest rates for the upper arm in
total (28.6/10,000 workers) and 12.3/10,000 workers just for
hand 2. In the national statistical analysis for occupational in-
juries in the Republic of Serbia, the upper arm was the most
often (46.64%) affected part of the body, with fingers being
injured in 18.41% of all cases 3. Finger injuries were also the
most frequent (38.4%) injuries of upper extremities observed
in EDs in the USA, as published by Ootes et al.  in a broad
epidemiological study that involved 92,601 patients. The
same study estimated that the average USA resident had a 1
in 88 chance of presenting in ED with upper arm injury dur-
ing their lifetime.

il

Fig. 1 — Hand injury caused by corn harvester.

Among many hazardous occupations, according to sta-
tistics from the USA, crop harvesting with machinery
(106.4/10,000 workers) and working with narrow fabric
mills (112.9/10,000 workers) are considered the most dan-
gerous jobs 2. This is taken as a very important risk factor at
work, as the region of VVojvodina is a typical agricultural area
with many workers employed in such a risky occupational
environment. These injuries are often highly mutilating and
involve multiple finger amputations and defects of vital neu-
rovascular structures, leaving limited surgical options for re-
construction (Figures 1 and 2).

The aim of this study was to get a closer insight into the
treatment of hand injuries at the University Clinical Center
of Vojvodina, Novi Sad, Serbia, a tertiary care level center,
and to present epidemiological data on hand injuries in pre-
vious years in order to analyze potential risk factors that
could lead to injury. Another aim was to evaluate medical
treatment strategies that patients received upon ED admis-
sion so that targeted strategies for prevention, risk manage-
ment, and better medical treatment can be suggested. Creat-
ing public health initiatives based on the national injury reg-
istry could allow professionals to target current problems and
thus better allocate limited resources.

Methods

This study was designed as a descriptive retrospective
epidemiological study that included patients treated for hand
injury at the ED of the University Clinical Center of Vojvo-
dina for seven years (2012-2018). All data was obtained
from medical documentation and the local electronic data-
base. Authors collected sociodemographic and clinical data
such as age, gender, education level, qualification for the job
that led to injury, mechanism of injury, type of injury, days
of hospitalization, type of defect reconstruction/treatment,
timing of injury, waiting time in ED, timing of the operation,

Fig. 2 - Hand injury in agriculture.
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perceived cause of the occupational injury, and reasons for
operative treatment delay. Following factors were noted as
the reasons for operative treatment delay: alcohol abuse, the
time elapsed from last food intake, preoperative evaluation
of the patient (diagnostic procedures and therapy), bad gen-
eral health condition or other injuries that postponed opera-
tion, operating room (OR) availability, and disposal of spe-
cialist medical staff. For every patient, the Modified Hand
Injury Severity Score (MHISS) was calculated. All data were
analyzed using SPSS 21.0 (IBM Corp. Armonk, NY, USA).
For numerical and categorical variables, mean and standard
variation were calculated with descriptive analysis and was
displayed as such in various graphical manners.

Results

This study included 34,796 patients with hand injuries
treated at the University Clinical Center of Vojvodina dur-
ing the 2012-2018 time period, with 554 (1.6%) hospital-
ized for treatment. The average mean age of hospitalized
cluster was 43.2 [standard deviation (SD) + 15.58] years.
Most of the patients were men, 485 (87.55%), while there
were just 69 women (12.45%). Among them, 51% of inju-
ries occurred at home, 15.7% at off-duty work, 14% at on-
duty work, 13% in road traffic accidents, and 6.3% during
leisure activities.

Injuries that occurred as work-occupational hand injuries
(77; 13.9%) were also independently analyzed. The mean age
of the patients injured while working was 40.92 + 15.03 years.
The trend of incidence of such injuries is shown in Figure 3.
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Fig. 3 - Yearly incidence of work-occupational injuries.

As a perceived cause of injury that occurred at work,
patients specified the following causes: not being well (6;
7.7%), working faster than usual due to time restraints (29;
37.67%), not being experienced (first time doing something)
(6; 7.8%), working overtime (12; 15.6%), not being familiar
with the equipment (11; 14.29%), faulty equipment (6;
7.8%), injury caused by other person’s actions (4; 5.2%), and
being distracted (3; 3.9%).

Most of the patients who were required to wear safety
gloves at work according to safety standards did wear protec-
tive gloves during injury (40/61; 65.57%).

Most injuries occurred while handling sharp items such
as knife blades. The distribution of mechanisms of hand inju-
ries/tools is shown in Figure 4.

The average length of stay in the hospital after a hand
injury in a hospitalized group of patients was 4.07 days.

Nikoli¢ J, et al. Vojnosanit Pregl 2022; 79(8): 757-763.

Figure 5 presents the length of hospital stay for various
mechanisms/tools of injury.

For all hospitalized patients, MHISS was calculated and
compared with the mechanism/tool of injury as presented in
Figure 6. All patients, according to MHISS, had severe hand
injuries, but for groups with glass and blunt injuries, the inju-
ries were categorized as moderate.
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Fig. 5 — Length of hospitalization for every
mechanism/tool of injury.
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Fig. 6 — Modified Hand Injury Severity Score (MHISS)
in correlation with mechanism/tool of injury.

Amputation of one or more fingers was seen in every
mechanism/tool of the injury group but blunt, glass and firearm
groups. Injuries with circular saw and agricultural machinery
had the highest percentages of amputation risk (Figure 7).

All reconstructive techniques were used in the closure of
defects after hand injury: direct suture (347.81%), skin graft
(32.7%), skin flaps (8.2%), amputation (26.6%), amputation
and skin graft (13.3%), amputation and skin flap (4.1%).

The average time from injury to arrival at the Universi-
ty Clinical Center of VVojvodina was 2.5 hours. The data was
obtained from patients recalling the time of injury, so it has
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Fig. 7 — Presence of amputation of one or more digits
in different mechanisms/tools of injury.

to be taken with caution. Most often, patients reported the
following reasons for the delay of arrival at the University
Clinical Center of Vojvodina: initial referral to a secondary
level hospital, waiting for transportation, underestimating the
need for surgical treatment, or being injured far away from
the referral center. As reasons for the delay of surgical treat-
ment after arrival to the ED, two group-related causes were
identified: patient-related (consumption of alcohol, prior
food intake, arrival after midnight, comorbidities, need for
additional diagnostic procedures, associated injuries that re-
quired delay of surgical treatment), and hospital related (oc-
cupancy of OR or surgeon). The yearly distribution of cause-
related delay by groups is shown in Figure 8.

A yearly decreasing trend in waiting time between arrival
to the ED and operative treatment was observed (Figure 9).
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Fig. 8 — Reasons for the delay of operative treatment.
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Fig. 9 — Yearly trend of waiting time between emergency
department arrival and operative treatment.

In general cluster, most of the patients were injured dur-
ing day shifts; 6-12 hrs (180; 32.49%), 12-18 hrs (184;
33.21%), 18-24 hrs (131; 23.65%), 2406 hrs (59; 10.65%).

Special attention was paid to the reasons for patient-
related operative treatment delay, such as alcohol abuse, as
one of the preventable factors. It was present in 11% of the
entire cluster, and 40% of patients who abused alcohol had

arrived after midnight. Daily quartered distribution of pa-
tients who abused alcohol upon admission was as follows:
40.91% in 24-06 hrs time interval, 21.15% in 18-24 hrs,
3.68% in 12-18 hrs, and 2.74% in 6-12 hrs time interval.

The average elapsed time while waiting from arrival to
operative intervention in 2018 was 5 hours. Factors that
emerged as risk factors for longer waiting were the time of
arrival, age of the patient, need for more than one specialist,
occupancy of ORs, and need for additional diagnostic proce-
dures.

Discussion

Hand injuries often present a multilevel impact on soci-
ety in general. Costs of medical treatment, rehabilitation, ab-
sence from work, health insurance reimbursements, and costs
of prequalification are just some of the problems that have to
be taken into consideration.

Our study reveals that just 1.6% of all patients who suf-
fered hand injuries and were referred to the ED required hos-
pitalization. One must acknowledge that this does not mean
that injuries managed under local or regional anesthesia in
the outpatient department did not result in invalidity or pro-
duce considerable final costs. In our study, we focused on
patients whose injuries required hospitalization. All of them,
according to the MHISS score, were classified as severe
(MHISS > 50) or moderate (MHISS 21-50), as represented
in Figure 6. Most of the injured patients were men (70-92%
depending on the calendar year examined), fully capable of
working, and around 40 years old (43.20; SD * 15.58).
Larsen et al. ® presented results similar to ours, where most
of the injured were males, with females being dominant only
in the group of assault victims older than 65. They also found
that 1 out of every 55 Dutch and 1 out of every 28 Danish
people presented to ED with hand injuries, thus confirming
the importance of adequate management and good primary
surgical treatment of these injuries. In our study, men were
dominant in all age groups. In the group of patients older
than 65, women presented just 9.2% of the entire cluster.

It is also interesting to analyze occupational hand inju-
ries presented in different studies. Occupational acute hand
injuries were responsible for 13.9% of all hand injuries in
our sample of patients. The average age of those patients was
40.92 £ 15.03 years which is significantly higher than the da-
ta presented in a review article by Sorock et al. 5, where
young workers under 24 years of age were at the highest risk
of hand trauma. This significantly younger age of injured
compared with other groups of patients with hand injuries
could be attributed to a lack of experience in work or under-
estimation of the importance of safety measures. This was
confirmed in a multicenter study on occupational hand inju-
ries by Wu et al. 7 in Foshan, PR China. The study included
2,186 patients, with most injuries occurring due to occupa-
tional hazards. The patients were mostly young men that
lacked safety training. This makes young men an especially
vulnerable group that has to be addressed in security brief-
ings and education plans made by occupational management.
Our study showed no significant age difference between the

Nikoli¢ J, et al. Vojnosanit Pregl 2022; 79(8): 757-763.
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people injured at work, at home, or in other activities, but
most of our patients with occupational hand injuries also
confirmed not having any special safety training. One can
safely assume that the working population in Serbia is ex-
posed to more difficult working conditions than in the USA,
meaning that risk factors should differ. Authors cannot over-
rate working conditions in Serbia, where older machinery,
sometimes outdated technology, and the economic situation
pushes people to work longer hours or more jobs simultane-
ously. When asked about circumstances leading to injury, it
was interesting to see that patients mentioned the perceived
reasons as the most important for injury occurring. Most of
them, 37.67%, said they were in a hurry to finish the job or
that they were working overtime (15.6%). In the Wu et al. ’
study, distraction was most often seen as patients’ idea of the
injury cause. Authors cannot claim that it was a lack of expe-
rience in our sample, as most of the injured were over 40
years old, but it looks like people in Vojvodina underesti-
mate the importance of safety measures and standards which,
in combination with outdated machinery, puts them at higher
risk for accidents. Close studies of these patients and analysis
of circumstances before the moment of injury could provide
useful information for National Health Service and labor de-
partments and consecutively lead to the creation of targeted
strategies that would make a safer working environment.

Usually, in the region of Vojvodina, most severe inju-
ries happened due to hand or finger conquassation, which
occurred in the agricultural industry while working with
heavy types of machinery such as corn snappers or harvest-
ers (Figures 1 and 2). Those injuries are characterized by “T
triad” as in excess Time until treatment, Thresh/wound con-
tamination, and big Traumaand often require more operative
procedures, have more complications, and longer hospitaliza-
tion in general & °. In this study, patients injured by agricul-
tural machinery had the longest hospitalization, an average
of 11.9 days, which is significantly longer than the average
of 4 days for all injury mechanisms in general.

As this survey reveals, men are often injured while
working at home with circular saw and table saw as part of
their do-it-yourself (DIY) activity. Women are also more
likely to suffer an injury at home but usually suffer minor
cuts, small burns, and lacerations that can be treated without
hospital admission. Working during off hours is also a cate-
gory presented as a place/circumstance of injury (15.7%). As
seen in previous studies, illegal or off-license work often
puts workers in a position to work without proper protection,
in unsafe conditions, with prolonged working hours, and
without adequate training and education for that particular
job. All of these factors are known to facilitate the occur-
rence of injuries.

A wide palette of reconstructive procedures (skin graft,
local flaps, direct sutures, amputations) is being done in or-
der to treat hand injuries adequately. Most of the hospitalized
patients had good skin coverage that did not require skin
grafts or skin flaps in order to close the wound, but despite
that had to be hospitalized as complex reconstructions of
tendons, nerves, and bone fractures are usually done in gen-
eral anesthesia.

Nikoli¢ J, et al. Vojnosanit Pregl 2022; 79(8): 757-763.

The golden standard/window for wound closure is with-
in 6 hrs from the moment of injury. This means that the best
results and the lowest risk of infection can be expected if
primary wound care is done in the above-mentioned time
window. In practice, it is very difficult to arrange all the nec-
essary stages of treatment in such a short period, especially if
a large area of one medical center is the referral hospital for a
vast area of the region. Many factors contribute to operative
treatment delay. In our study, patients needed an average of
2.5 hours just to arrive at the ED. This data is uncertain as
patients were recalling the time of injury and were some-
times unsure about it. The average waiting time in ED for
operative treatment in these seven years was 6 hrs and 39
min, but this time is getting significantly shorter throughout
the years, which suggests that changes made in organization-
al structure have been giving good results. Shorter time from
admission to definite treatment and, thus, improved medical
care was achieved by the better organization of the triage
system, employment of more specialists in the ED, imple-
mentation of a new information system that covers all patient
steps through ED service, and, for sure, by a continuous
struggle to continuously educate doctors and nurses. In 2018,
last year analyzed, the time to definite treatment was around
5 hrs which is considered very good compared with more
developed countries. This is a common problem seen in all
EDs worldwide. ED setting is specific and complex. Numer-
ous attempts have been made to improve ED care services
around the world 1°2, Reviewing literature that addresses
this issue, the authors came across many models that have
been proposed in different ED settings: various systems of
patient grouping (Emergency Severity Index Triage System
— ESI, tree-level triage evaluation system, etc.), “fast track”
models, senior doctor assessment at triage instead of nurse
triage model, are only some of the possible solutions to a
problem in which one may achieve better results within
available resources ¥ 3, Ajami et al. 1 presented results that
demonstrate that in recent years patient waiting time in the
ED has increased in many countries, mostly due to the rising
number of patient referrals to EDs. The same study found
that waiting time for medical examination in EDs in England
was increased to 4 hrs, and in Canada to 2 hrs. We have to
keep in mind that this is just waiting time for medical exami-
nation with more elapsed time when adding time from arrival
to ED to surgical intervention. Horwitz et al. 1 revealed that
fewer than half of the hospital centers in their study, which
included 364 non-federal US hospital EDs, admitted their
ED patients within 6 hours. Besides a higher inflow of pa-
tients, there is also a problem of inexperienced interns, resi-
dents, and young specialists who have multi-tasks in several
places, different wards, operation theaters, triage rooms, etc.
Treating more than one patient at the same time is difficult
and requires more experience. Lack of experience in the de-
cision-making process can lead to requesting more investiga-
tions and tests in order to make a decision and prolonging the
waiting time before operative treatment. The University
Clinical Center of Vojvodina is the only tertiary health center
and University Hospital in the whole province of Vojvodina.
This means that, on a daily basis, 1.5 million people are ori-
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ented to this Center in case of complex hand injuries, as most
of the hospitals in the region do not have plas-
tic/reconstructive surgeons available on call. Complex hand
injuries sometimes require the teamwork of more surgeons
like neurosurgeons, orthopedic and vascular surgeons, and
others that have to be available at the same time for the same
surgical procedure. The reasons for the late onset of surgical
interventions are the following: time of arrival, severe
comorbidities usually associated with an aging population,
need for more than one specialist, consumption of alcohol or
food before arrival to the hospital, occupancy of ORs or sur-
geons, need for additional diagnostic procedures and other
associated injuries that required delay. In most cases
(78.84%), occupancy of the OR or surgeon was the reason
for intervention delay. In the previous years, a higher number
of road traffic accidents, usage of more powerful machinery,
industrial environment, easy access to alcohol, increasing vi-
olence on the street, and immense workload on trauma cen-
ters both locally and worldwide all led to prolonged waiting
times. It is most important to shorten the time from injury to
arrival in ED, as upon arrival, primary wound care is done,
with wounds temporarily dressed in sterile conditions. While
waiting for intervention, preoperative antibiotics, pain thera-
py, and, if needed, blood transfusion is administered. This
means that patient is under constant medical supervision. As
it was already underlined, loss of time before surgery is a big
problem in cases such as injuries in agriculture, which are
unfortunately often the most violent ones, as an injured pa-
tient is somewhere in the field, far from the nearest local am-
bulance, and usually alone. Those people take more time to
reach the hospital and medical help than the people working
near regional health centers or those at home. Besides direct
costs of medical treatment and time of work absence, one has
to keep in mind that permanent disability often requires
prequalification or even early retirement, so these injuries
may impose a significant burden on society, as presented in
de Putter et al. 1® study. The economic impact of hand inju-
ries is substantial, so prevention strategies should be created
and targeted at the most expensive injuries in order to control

and lower resource spending. Proper epidemiological analy-
sis of injuries in ED should provide directions for training
priorities for the medical crew.

The limitation of this study is certainly the inclusion of
patients from a single center. Even though the University
Clinical Center of Vojvodina is the largest hospital in the re-
gion and is the only tertiary level center in VVojvodina, hand
injuries are also treated in local hospitals within 100 kilome-
ters' reach. Problems that are dominant in those health cen-
ters could be different and, at the same time, interesting for
evaluation. Another limitation is patient-related: false data
recalling, such as time of injury or concealing the truth (usu-
ally concerning the place and circumstances of the injury,
use of protective gloves, etc.). Occupational injuries are usu-
ally followed by insurance company compensations and em-
ployment problems, so injured employee tends to be under
pressure, not to mention the circumstances of the injury, and
thus give false information to medical staff.

Conclusion

Hand injuries present a complex problem that is some-
times underestimated by both patients and general practition-
ers, usually regarded as something unimportant and easily
treatable. Need for highly specialized surgeons (plastic, or-
thopedic, vascular, or hand surgeons where available), some-
times special equipment (e.g., microscopes), multiple opera-
tions, prolonged rehabilitation, possible invalidity, and high
costs of treatment are putting this medical problem at the
pinnacle of our attention. A more comprehensive and de-
tailed study could give us better insight into this problem and
allow us to draw more relevant conclusions. One can argue
that different medical care levels (prima-
ry/secondary/tertiary) have different dominant problems and
thus require individual approaches and special logistic plans
for health care improvement. Additionally, closer insight into
the circumstances of occupational hand injuries can result in
a better approach to safety management and further safety
training for specific work-related risks.
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