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Multiple papers reveal no reliable difference between early and delayed maxillofacial injuries treatment in post-
operative complications in patients with craniomaxillofacial trauma and polytrauma. A choice factor of the treat-
ment tactics is the lethal outcome risk, as well as the lethal outcome prognosis. In order to objectivize the sever-
ity of trauma authors suggested the assessment scores which represent patient’s condition severity in points and
provide lethal outcome risk estimation, — Injury Severity Score (ISS) and New Injury Severity Score (NISS), each
with advantages and disadvantages of prognosing the lethal outcome. Though, the data on its preciseness and
informativeness regarding patients with combined craniomaxillofacial trauma are limited, and the results,
obtained from various authors, seem to be controversial.

OBsjECTIVE — to identify and compare the threshold (critical) values of the ISS and NISS assessment scales which
predict the lethal outcome risks in patients with craniomaxillofacial trauma and polytrauma.

MATERIALS AND METHODS. During 2016—2019 years 503 patients were treated due to maxillofacial traumas and
associated injuries. Patients age ranged from 18 till 91 years, (average age — 30.5 years). There was a male pre-
dominance in the sample (84.3 %). Facial bone fractures occurred in 70 % of cases (352 patients). Mainly after
assaults (44 %), falls (20 %) and motor-vehicle accidents (16 %). The other etiological factors included occupa-
tional traumas (0.5 %), sport traumas (1 %) and unknown aetiology traumas. The study evaluated patients with
facial and concomitant injuries, who received multidisciplinary treatment in a specialized trauma hospital. Val-
ues of Injury Severity Score and New Injury Severity Score were statistically analyzed to evaluate effectiveness
in prognosing lethal outcome risks.

REesurts. Mortality in the sample was 3 % (15 patients). With the optimum cut-off value of ISS > 24, lethal out-
come prognosis model sensitivity yields 93.3 %, specificity — 91.4 %. With the optimum cut-off value NISS > 36,
the lethal outcome prognosis sensitivity yields 86.7 %, its specificity 92.4 %.

Concrusions. ISS and NISS demonstrate similar effectiveness in prognosing lethal outcome risks. The difference
of area under the curve of both trauma severity estimation methods is not statistically significant (p=0.651).
Both indicators could be used in daily practice in specialized hospitals to assess the patient’s condition and deter-
mine priority of treatment steps.
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Traumatic injuries represent one of the most com-  organs and organ systems provides for the best inte-
mon causes of mortality and disability in the world. ~ gral outcomes, being associated with the least risk of
In the end of previous century it was considered that  postoperative complications. This approach, called
early and, if possible, complete, multidisciplinary-  «Early total care» (ETC), was thoroughly described
based treatment of combined injuries of various and recommended for treatment of complex traumas
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and polytraumas by Riska et al., 1977; and Bone et
al,, 1989 [1, 2]. The other authors supported expect-
ant tactics in certain complicated cases, in order to
decrease the risk of mortality and life-threatening
conditions in the postoperative period. The surgery
called «Damage control» was founded in early 90ies
(DC). The term was first used by Rotondo, who
proved advantages of delayed treatment of certain
penetrating abdominal injuries, compared to early
operative intervention [3]. The delayed treatment of
some extremity injuries showed the same results and
was called «Damage control orthopedics» (Scalea et
al,, 2000) [4]. Significant achievements in the poly-
trauma pathophysiology studies during last decades
define modern approach to the treatment of com-
bined trauma and polytrauma, thus, developing into
new treatment methods. Nowadays, both methods:
ETC and DC — are used in the treatment of patients
with polytrauma, according to the patient’s condi-
tion and medical indications (Kliiter et al., 2013) [5].
This completely applies to the combined traumas of
the maxillofacial region. A prevailing approach since
the 1990ies includes early open reposition and os-
teosynthesis of the injured bones (during first hospi-
talization days, under the absence of significant ede-
ma and posttraumatic changes of the splinter bone
tissues), which was aimed at maximum recovery of
function and esthetical appearance of the injured
regions (Manson et al.,, 1988, Gruss et al., 1990)
[6, 7]. Though, perfection of the surgical technique
and instruments for osteosynthesis provides for ac-
ceptable results even in case of delayed operations,
particularly, in patients with severe open cranioce-
rebral injuries, after stabilizing life functions and de-
creasing the neurosurgical risks. Nowadays, multiple
papers comparing clinical effectiveness of early and
delayed maxillofacial injuries treatment by the post-
operative inflammatory complications reveal no re-
liable difference between these two approaches [8].
A choice factor of the treatment tactics is the lethal
outcome risk, as well as the lethal outcome prognosis
during operation and/or anesthesia. The mortality
of patients with the craniocerebral injury and poly-
trauma makes up 2.2 %, but for some injury types it
is about 2.4 % [9]. So, a distinct criterion is required
for differential treatment of the maxillofacial inju-
ries, regarding general condition of the patient and
injuries severity, for determining the best terms of
treatment and reducing the postoperative complica-
tions and /or lethal treatment outcomes risks.

In order to objectivize the severity of trauma in pa-
tients with combined trauma and polytrauma, the au-
thors suggested the assessment scores which represent
patient’s condition severity in points, thus allowing to
define the order of treatment measures to be taken,

14

among which two basic widely used assessment scales
provide for precise lethal outcome risk estimation for
the patients with severe injuries. These are the Injury
Severity Score (ISS) and New Injury Severity Score
(NISS), each with advantages and disadvantages of
prognosing the lethal outcome [10—13]. Both scales
are based on the «Abbreviate Injury Severity Scale»
(AIS), which is an anatomic coding system, used for
classification and description of traumas severity [ 14].
Noteworthy, both ISS and NISS are easy and quick in
use, with broad spectrum of scores, which may be eas-
ily applied for detecting the threshold (critical) value
for predicting lethal outcomes. It may become a reli-
able tool in daily practice of the maxillofacial surgeon,
aimed at choosing the treatment tactics according
to the patient’s severity, though, the data on its pre-
ciseness and informativeness regarding patients with
combined craniomaxillofacial trauma are limited, and
the results, obtained from various authors, seem to be
controversial.

OBsjECTIVE — to identify and compare the thresh-
old (critical) values of the ISS and NISS assess-
ment scales which predict the lethal outcome risks
in patients with craniomaxillofacial trauma and
polytrauma.

Materials and methods

The study represents retrospective review of the
patients admitted by the «Kyiv City Clinical Emer-
gency Hospital» from 2016 till 2019. The inclusion
criteria were as follows: in-patients with contusions,
soft facial tissue traumas, facial bone fractures and
concomitant injuries of other, non-facial regions;
complete documentation and definite treatment out-
come in the chosen patients. The exclusion criteria
were: pediatric trauma (the patients aged under 18
years old), patients who primarily received medi-
cal and emergency care in other medical institutions
and were later transferred to the «Kyiv city Clinical
Emergency Hospital» for treatment of complications.

The following parameters were collected and
reviewed retrospectively: sex, age, etiology and
mechanism of the trauma, location and mechanism
of the facial bone fractures, other facial and oral
injuries, concomitant traumas of other body parts,
accompanying somatic diseases, drug and alcohol
abuse, date of hospitalization vs injury date, length
of hospital stay, date and type of surgical interven-
tion, treatment outcome, date and cause of death.
The patients were examined at the time of hospital
admission according to the Advanced Trauma Life
Support [16, 17]. The trauma severity was assessed
by the following scales: Abbreviated Injury Scale
(AIS), Injury Severity Score (ISS) and New Injury
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Severity Score (NISS). The AIS-90 was used to
encode and determine the polytrauma severity ac-
cording to the existing recommendations [18, 19].
The trauma assessment was based on diagnosis,
supported by clinical and radiological data, surgery
data or autopsy data. The AIS-90 score was as-
sessed, to be further used for detecting polytrauma
severity by both ISS and NISS. In the NISS method,
squares of three most severe injuries by AIS-90 are
regarded, but, comparing it to the well-known ISS,
the NISS considers two scores from one anatomi-
cal region, for example, from the head [20]. At the
same time, ISS uses three most severe injury points
from different anatomical regions, which results in
numerous drawbacks. The concomitant traumas of
the patients were of various severity, divided into 5
relative groups (head traumas, extremities traumas,
abdominal traumas, thoracic traumas, spinal trau-
mas). Patient data were collected and organized us-
ing the Microsoft Excel database [21]. The trauma
severity parameters were divided into two groups,
according to the ISS and NISS, to be statistically
analyzed for detecting the threshold (critical) val-
ues of lethal outcome prognosis.

The relation between the parameters was detect-
ed by correlation test. The threshold/critical val-
ues for lethal outcome risks were determined using
ROC curve analysis and the Youden index. The area
under the curve (AUC) and 95 % CI were assessed.
A probability value<0.05 was considered statis-
tically significant [22]. Statistical analyses were
performed using the software EZR v.1.54 (graphi-
cal user interface for R statistical software version
4.0.3, R Foundation for Statistical Computing, Vi-
enna, Austria) [23].

Results and discussion

According to the retrospective analysis of the
2016—2019 case histories, a total of 503 in-patients
were treated in the «Kyiv City Clinical Emergency
Hospital> due to maxillofacial traumas and associ-
ated injuries. Facial bone fractures occurred in 70 %
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of cases (352 patients). The other cases were char-
acterized by injuries and/or multiple contusions of
soft facial tissues. The age of the patients with max-
illofacial traumas ranged from 18 till 91 years, with
average age — 30.5 years (25 + 37 years). There was
a male predominance in the sample (84.3 %).

The main causes of traumas were assaults (44 %),
falls (20 %) and motor-vehicle accidents (16 %).
The other etiological factors included occupational
traumas (0.5 %), sport traumas (1 %) and unknown
etiology traumas (18.5%) (Fig. 1). Twenty-eight
percent of patients were under alcohol or drug ac-
tion at the time of trauma.

A more thorough analysis of fracture zones re-
vealed the following: the zygomatic bone traumas
prevailed (27.4 %), followed by the nasal bone with
nasal-ethmoid complex traumas (25.1 %) and man-
dibular traumas (24 %). The maxillary fractures by
Le Fort I, II, III were established in 9 % of cases.

The first group (head traumas) related to the cra-
niocerebral traumas. Severe traumas, such as intra-
cranial hemorrhage and open craniocerebral trauma
were reported in 31 % of cases. The second group
(extremities traumas) included contusions, injuries,
fractures, dislocations and vascular damage — 22 %.
The third group (abdominal traumas) included
contusion of anterior abdominal wall, internal or-
gan ruptures and penetrating wounds — 13 %. The
fourth group (thoracic traumas) included contu-
sions, injuries and fractures of the ribs, hemothorax,
pneumothorax, contusion of the heart and lungs —
28 %. The vertebral fractures, composing 6 % of cas-
es, were related to the vertebral traumas of the fifth
group (Fig. 2).

Estimation of the trauma severity by the ISS
and NISS methods revealed that the trauma sever-
ity scores range from 1 and 57 according to the ISS
and from 1 to 66 according to the NISS. Fifteen le-
thal cases (3 %) were registered among the patients
group, with main death causes represented by the
cerebral edema (73.3 %), multiple organ dysfunc-
tion syndrome (13.3%), posttraumatic pneumo-
nia (6.7 %) and acute heart failure (6.7 %), caused

Vertebral

Head
Thorax

Extremities
Abdomen

Figure 1. Main causes of maxillofacial traumas
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Figure 2. Basic concomitant traumas in patients
with the maxillofacial trauma and polytrauma
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Table. Median, first and third quantile of the ISS
and NISS scores

ISS NISS
6(3—22)

34 (25—415) 48 (43—57)

Parameter

Opverall patient group (n=503) 4 (2—16)

Lethal cases (n=15)

presumably by concomitant traumas. Their severity
ranged within 11—57, according to the ISS method
and within 11—64, according to the NISS. Further
statistical analysis showed that the non-normal dis-
tribution of the identified factors, with the median,
the first and third quantiles of the ISS and NISS re-
garded (Table).

The optimum cut-off value of ISS > 24, the lethal
outcome prognosis model sensitivity yields 93.3 %
(95% CI 68.1—99.8 %), specificity — 91.4 % (95 %
CI188.5—93.7 %). The prognostic significance of the
positive test (+PV)is 25 % (95 % C119.5—31.4%).
The prognostic significance of the negative test
(-PV)is99.8 % (95 % CI198.5—100 %) (Fig. 3).

The optimum cut-off value NISS > 36, the lethal
outcome prognosis sensitivity was 86.7% (95 %
CI 59.5—98.3 %), its specificity 92.4% (95% CI
89.7—94.6 %). The prognostic significance of posi-
tive test (+PV)is 26 % (95 % CI1 19.6—33.7 %). The
prognostic significance of negative test (-PV) is
99.6 % (95 % CI198.4—99.9 %) (Fig. 4).

Considering that the mortality in the sample was
3% (15 patients), the suggested mortality progno-
sis system allows to detect the patients with lethal

100 T
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Specificity 91.4
80 Criterion > 24
=60+
ey
=
S 40
wn
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AUC =0.952
p <0.001
0+ . . : :
0 20 40 60 80 100

Specificity, %

outcome risks 9 times more often than in the con-
trol group (+PV 25 % and 26 % respectively). The
prognostic significance of the negative test (—PV)
in both cases is close to 100 %, which lets us assume
that the negative test is with high accuracy related
to positive outcome, in 99.8 % according to the ISS
and in 99.6 % according to the NISS.

The Spearman’s correlation test analysis defined
strong positive correlation between the ISS and
NISS values (r=0.963, p < 0.05).

Using the ROC-curve analysis and comparing
areas under the ROC curves, the prognostic abil-
ity of both methods to predict lethal outcome was
found to be quite high, without statistically signifi-
cant difference (Fig. 5).

Early surgical treatment, which includes open re-
position and internal fixation of the injured facial
bones, improves maximum recovery of function and
esthetical appearance of the injured regions (Man-
son et al., 1988, Gruss et al., 1990) [6, 7]. But results,
obtained from various authors, seem to be contro-
versial. There is no reliable difference between early
and delayed treatment approaches [8]. So, a criteri-
on is required to objectivize the postoperative com-
plications and/or lethal treatment outcomes risks
prognosis, especially in patients with craniocerebral
trauma and polytrauma.

The method of the Injury Severity Score ISS
was suggested by Baker et al. (1974), based on the
contracted injury scale AIS, with three most severe
injury scores obtained from different anatomical
areas squared. This makes the most severe injuries
significant [24]. Numerous scientists noted strong

100
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80 - Specificity 92.4
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z
=
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)
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Figure 3. Characteristics of the ROC-curve analysis.
Cut-off value of the ISS

16

Figure 4. Characteristics of the ROC-curve analysis.
Cut-off value of the NISS
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Figure 5. Comparison of areas under the curve of the
ISS and NISS

correlation between increased ISS score and mor-
tality of the patients with gunshot wounds, those
after road accidents and hospital stay period length
[25—27], which were widely used in scientific
studies. Though, most authors state about the ISS
method imperfection, compared to a more modern
method NISS [18, 19]. This was mainly explained by
decreased significance of the cranio-cerebral trauma
for mortality prognosis, as, the most severe score
of only one anatomical area was considered, which
means that the craniocerebral trauma effect was un-
derestimated. According to Wong et al., 2016, the
ISS proved to be more informative for the patients
with polytraumas and traumas of various areas of
the body, while the NISS was more informative for
the craniocerebral trauma patients [28]. This was
confirmed by the studies of Lavoie et al., 2004, stat-
ing that in case of the severe craniocerebral trauma
the NISS better predicts lethal outcome risks [18].
The number of studies of the combined facial bone
traumas is quite limited. Though mortality from the
maxillofacial traumas is insignificant in this group,
i.e., 2.4 %, asphyxiation due to upper respiratory air-
ways impassability and head and neck vascular hem-
orrhage cause 87 % of immediate lethal outcomes,
with 97.6 % of deaths occur during first 24 hours
after the road accident [29].

The study was limited, as during assessing the
trauma severity and prognosis of the lethal outcome
the patients treated in the poly-specialized hospital
«Kyiv city clinical emergency hospital» were not di-
vided into separate groups of craniocerebral trauma
and polytrauma.
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The study result evidence that both methods are
highly precise in prognosis of the lethal outcome
risk (ISS — AUC 0.952 (95% CI 0.929—0.969);
NISS — AUC 0.942 (95 % C10.918—0.961)). With
the optimum cut-off value of ISS > 24, the lethal
outcome prognosis model sensitivity yields 93.3 %
(95% CI 68.1—99.8 %), specificity — 91.4 % (95 %
CI88.5—93.7%).

The optimum cut-off value NISS > 36, the le-
thal outcome prognosis sensitivity was 86.7 % (95 %
CI 59.5—98.3%), its specificity 92.4% (95% CI
89.7—94.6 %). The suggested mortality prognosis
system allows to detect risk group patients, with le-
thal outcome risks detected 9 times more often than
in the general population (+PV 25 % and 26 % respec-
tively, lethal outcome risk — 3 %). Using the ROC —
curve analysis and comparing the areas under the
ROC curves, the prognostic ability of both methods
to predict lethal outcome was found to be quite high,
without statistically significant difference (p=0.651),
which means that both methods of the trauma sever-
ity assessment are quite informative in characterizing
the trauma details, and the high prognostic ability
of each permits to assess the lethal outcome risks in
patients with combined craniocerebral trauma and
polytrauma. The data of this study are confirmed by
meta-analysis by Deng et al., 2016 [13].

Conclusions

Mortality in patients with combined maxillofacial
trauma and polytrauma is 3 %.

Methods ISS and NISS predict the lethal outcome
risk with high precision (ISS — AUC 0.952 (95 %
CI 0.929—0.969); NISS — AUC 0.942 (95% CI
0.918—0.961)).

With the optimum cut-off value of ISS > 24, le-
thal outcome prognosis model sensitivity yields
93.3 %, specificity — 91.4 %. With the optimum cut-
off value NISS > 36, the lethal outcome prognosis
sensitivity yields 86.7 %, its specificity 92.4 %.

ISS and NISS demonstrate similar effectiveness
in prognosing lethal outcome risks. The difference
of area under the curve of both trauma severity
estimation methods is not statistically significant
(p=0.651).
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3acrocyBaHHs NOKA3HUKIB ISS Ta NISS y npornosysanHi
NMOBipPHOCTI JIETAIBHOI'O HAC/II/AKY Y ITAIi€EHTIB
3 YePEITHO-IIEICITHO-TUIEBOIO TPABMOIO T4 IIOJITPABMOIO

€. Illymuncokuii !, M. Ca6agom 2, B. Iyp’smos !, A. Kommyak !

! Hartionampamit megwarmii yaisepentet imeni O. O. Boromobis

2 KHII «KuiBcbka MichKa KJIiHIUHA JIKapHA MIBU/KOI MEIMYHOI JJOIIOMOTH»>

V 6araTbOX HayKOBUX JOCII/PKEHHAX HE BUABJICHO CTATUCTUYHO 3HAYYIOI Pi3HUL MK paHHIM i BiicTpoyeHNM
JIKYBAHHAM IIEJICITHO-IULIEBUX TPABM 34 KUIbKICTIO MiC/IONEPALiNHUX YCKIAAHEHD y MALEHTIB 3 YEPEITHO-
LIEJIENMHO-JIUIIEBOIO TPABMOIO Ta MOJITPABMOIO. YMHHUKAMU I BUOOPY TAKTHUKH JIIKYBAHHSA € PU3HK BUHUK-
HEHHS JIETAJIBHOTO HACIIZIKY, 4 TAKOXK MPOTHO3 JIETAIBHOTO HACHIAKY. i O6’€KTUBI3aLii TSKKOCTI TPaBMU
3aMPONIOHOBAHO OLIHOYHI IIKAJIY, SIKi BiJOOPAXKYIOTb TSKKICTh CTAHY IMAIIEHTA B OIaX T4 AAIOTb 3MOIY IIPO-
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THO3YBATU JIETAJIbHUMI HAC/IOK, — LKAy TOKKOCTI TpaBmu (Injury Severity Score (ISS)) i HOBy HIKaIy TSDKKOCTI
Tpasmu (New Injury Severity Score (NISS)), KOJkHA 3 AKX MA€ IIEPEBATU Ta HEAOIIKU IIOAO IIPOIHO3Y JIETA/IBHO-
ro HACiAKY. OfHAK AaHi OO IX TOYHOCTI T4 iHPOPMATUBHOCTI Y HALIEHTIB i3 HOEAHAHOIO YEPETHO-IIIC/ICTTHO-
JINLIEBOIO TPABMOIO OOMEKEHI, 4 PE3YJIBTATH, OTPHUMAHI PiI3HUMU aBTOPAMU, CYIIEPEWINBI.

Mera — BU3HAYUTH Ta IIOPiBHATH NOPOTroBi 3HaYeHHs mKal ISS i NISS, ki npOrHo3yroTh 1eTaIbHUI HACTIIOK
Yy HALIEHTIB i3 YEPETTHO-IIETIETTHO-IULIEBOIO TPABMOIO Ta ITOIITPABMOIO.

Marepiamu Ta merogu. Y 2016—2019 pp. 3 MPUBO/Y IMIEICTTHO-TTUIEBOI TPABMU TA OB SI3AHUX 3 HEIO TPABM
NPOJIiKOBAHO 503 mauienTH. Bik nmanienTis — Big 18 1o 91 poky (cepeanint Bik — 30,5 poky). Cepes nalieHTiB
NEPEBAKAIN YOJIOBIKU (84,3 %). Y 70 % BUNAKIB (352 MALIIEHTH) MM MiCLI€ IEPETIOMH KiCTOK 061144, OCHO-
BHMMU IIPUYUHAMH OTPUMAHHA TPaBM Oynu ToouTTd (44,0 %), maginHa 3 BUcotu (20,0 %) Ta JOpPOKHBO-TPAH-
crioptHa npuroga (16,0 %). Inmi etionoriuni unHanky — Tpasma (0,5 %), criopTrsHa TpasMma (1,0 %) i TpaBma
HEBIIOMOI eTiosorii. Y JOCTi/PKEHHA 3TyYH/IN TTALIEHTIB 3 TPABMAMU OO/IMYYA TA CYIIyTHIMH TPABMAMU, Y AKUX
34CTOCYBAINM MYJIBTUAMCLMIVIIHADHWN [AXiA 4O JIKYBAHHA B CIELIAII30BAHIIN TPABMATOJIOIYHIN JiKapHi. st
OLIIHKU €(PEKTUBHOCTI IPOTHO3Y JIETAILHOI'O HACIKY IPOAHAII30BAHO 3HAYEHHA NOKA3HUKIB K1 ISS Ta NISS.
Pe3yasTaTH. JIeTanbHICTh Y BUOIpIli cTaHoBWwIA 3 % (15 narienTis). ITpu noporosoMy 3HadeHHi ISS 24 6ana
YYTJIMBICTB MOJIEIIi TPOTHO3Y JIETAIBHOT'O HACTIKY cTaHOBMIA 93,3 %, crienmdivnicTs — 91,4 %, Tpr IOpOroBo-
My 3HadeHHi NISS — 36 6aniB — BimmoBigHo 86,7 T2 92,4 %.

BucHOBKH. IIkamm ISS i NISS MalOTh CXOXy €(PEKTHBHICTD OO0 IPOTrHO3Y JIETATBHOIO HACHIAKY. PizHuI 3a
wiorero g ROC-KPUBOIO MK METOZAMU OIIHKH TSDKKOCTi TPABMHU € CTATUCTUYHO HE3HAUYIIO (p=0,651).
O6u/1Ba TTOKA3HHUKH MOKHA BUKOPHCTOBYBATH y CHELIAi30BAHUX JIKAPHAX JIA OL{HKH CTAHYy MALi€HTA T4
BU3HAYEHH €TAITHOCTI JIIKYBAJIbHUX 3aXO/iB.

KJIr090Bi cJ1I0Ba: CMEPTHICTh, YEPEITHO-IICJIEITHO-IMIEBA TpaBM4, ISS, NISS, Le Fort.
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