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ITPOPUAAKTHUKA ITOCAEOITEPAIIMOHHBIX OC/AO>XKHEHUMN ITPU ITEPEAAOMAX
IIITOYHOM KOCTHN

B.B. CABI'AYEB, '1.1. ANTBMHOB

Kadeapa rpaBmarosorum u oproreann, SIpocaaBcKmii rocyjapCTBeHHBIN MeAUIIMHCKII yHuBepcnTeT, Slpocaasas, Poceniickas Peaeparius

Lienb: onTvMM3npoBaTh NPOdUAAKTUKY NOCAEONepaLMOHHbIX OCIOXKHEHWUM NPU 3aKPbITbIX Nepenomax nAToYHow Koctu (3MNMK) ¢ yuétom nporHosu-
poBaHuA GaKkTopoB pucka (PP) ux passutumA.

Martepuan u metoapl: 13yyeHbl faHHble 490 naumeHTos ¢ 3MMK 3a nepunog 2010-2020 rr. Y 94% naumeHTOB TPaBMa MMena CBEeXKMI XxapakTep. MeHwWwmuH
6b110 25 (5%), My»XumnH — 465 (95%), Mx BO3pacT BapbipoBan oT 18 o 70 neT. B 183 cayyasnx (37%) Mmenu Mecto nocaeonepaLmoHHbIe OCOKHEHNA:
MUTpaLua METaNNIOKOHCTPYKLMM (14%); OCTEOMUENUT NATOYHOW KOCTU (9%); Tpoduyeckune HapyLieHus (HeKpo3 Koxu) (21%); HarHoeHue nocneone-
PaLMOHHOM paHbl U 30HbI OCTEOCHHTE3a (51%); CBULLM M TEHANHUTBI (5%). [LnA aHanM3a PUCKOBOM NaTONOMMK oLeHeHbl PP 1 WaHCbl X peanunsauuu.
BbinosHeHa npoueaypa peayKunm AaHHbIX C BbluncaeHnem KoapduumeHTa Koppenaumum T. OKoHYaTebHas OLEHKa BbIABAEHHbIX NPeAVUKTOPOB Npo-
BEAEHA METOLOM NIOTUCTUYECKOW perpeccum. MpeaoxKeH NPOTOKON BeAEHUA NALMEHTOB C OLLEHKOW PUCKA PAa3BUTMA OCNIOKHEHWI Ha KaXK40M 3Tane.
Pe3ynbTathl: BbisiB/IEHbl CTAaTUCTUYECKM 3HaUMMble DP: OTEK B 30HE Nepesioma Ha AeHb onepaLmm 1 cnycTa Tpoe cyTok, OLW=0,07 [0,015-0,294]; oTcyT-
CTBME aHTMBNOTUKO-NPOdUNAKTMKM A0 onepaumm, OLW=0,053 [0,006-0,402]; Haanumne 3Ha4Mmoro 3abonesaHua Ha poHe Tpasmbl, OLL=0,252 [0,108-
0,586]; 3HauMTeNbHbIE U3MEHEHWSA TabopaTopHbIX aHanusos, OLL=0,137 [0,056-0,327]; BbipakeHHbIe U3MeHEHWUs B KOHTPObHbIX aHanu3ax, OLL=0,12
[0,038-0,42]; He BbINOAHEHME PEHTrEHa Nocse onepaumu, OLL=0,095 [0,031-0,286]; oTcyTcTBME NPOGUNAKTUKM TPOMBOIMBONNYECKUX OCIOKHEHW,
OLW=0,02 [0,038-0,38]; KauecTBO NpeACTaBNEHHbIX PEKOMEHAAUMI B BbINUCHOM anuKpuse, OLLI=0,073 [0,038-0,142]; Taxénblii duUsnueckuii Tpya,
OLW=0,009 [0,002-0,044]. B 45 HabAloAeHNAX TPUMEHEH NPOTOKON BeAEHWUA NALLMEHTOB C OLLEHKOW PUCKA Pa3BUTMA OCNOKHEHMIA Ha KaXK4OM 3Tane, B
pesynbTaTe Yero B 96% Cnyyaes OCNOKHEHWUN He OTMEYEHO.

3aknoueHue: pa3paboTaHHbIN KOMNAEKCHbBIN NOAX0L NPOGUNAKTUKN OCNOMKHEHWUM HA OCHOBE YYETa UHAMBMAYANbHbIX OCOBEHHOCTEN NaLMeHTa 1
NPYMEHEHUA MHOTOMEPHOTO MOZEMPOBaHUsA No3BoNAET 3GPEKTUBHO CHU3UTL YACTOTY Pa3BUTUA OC/IOKHEHUI U MOMOXKET AaXKe HauMHatoemy
CMNeLManmnCTy B BbIGOPe TaKTUKKU e4eHms.

KnioueBble cnoBa: nepesom namoyHoli Kocmu, hakmopbl PUCKa, NPOo@PUAAKMUKA, OCAOKHEHUS, NPO2HO3UPOBAHUE.
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PREVENTION OF POSTOPERATIVE COMPLICATIONS OF CALCANEUS FRACTURES

V.V.SAVGACHEYV, LI. LITVINOV

Department of Traumatology and Orthopedics, Yaroslavl State Medical University, Yaroslavl, Russian Federation

Objective: To optimize prevention of postoperative complications of closed calcaneus fractures (CCF), considering prediction of risk factors (RF) for
their development.

Methods: The case histories of 490 patients with CCF were studied for the period 2010-2020. Among them there were 25 women (5%), and 465 men
(95%), their age ranged from 18 to 70 years; 94% of patients were having recent trauma. Postoperative complications were diagnosed in 183 cases
(37%), such as dislocation of metal parts of prosthesis (14%); osteomyelitis of the calcaneus (9%); trophic disorders, particularly skin necrosis (21%);
suppuration of the postoperative wound and osteosynthesis zone (51%); fistulae and tendinitis (5%). For the analysis of risk pathology, RFs and the
potential for their realization were evaluated. The data reduction procedure was performed using calculation of the correlation coefficient t. The final
assessment of the identified predictors was carried out using the logistic regression method. A protocol for managing patients with risk assessment of
complications at each stage has been developed.

Results: Statistically significant RFs were revealed, such as edema in the fracture zone on the day of surgery and three days later, odds ratio (OR)
=0.07 [Cl: 0.015-0.294]; lack of antibiotic prophylaxis before surgery, OR=0.053 [Cl: 0.006-0.402]; serious comorbidities, OR=0.252 [CI: 0.108-0.586];
significant changes in laboratory tests, OR=0.137 [Cl: 0.056-0.327]; significant changes in the follow up tests, OR=0.12 [CI: 0.038-0.42]; failure to
perform an X-ray after surgery, OR=0.095 [CI: 0.031-0.286]; lack of prevention of thromboembolic complications, OR=0.02 [CI: 0.038-0.38]; the quality
of the recommendations presented in the discharge summary, OR=0.073 [Cl: 0.038-0.142]; hard physical labor, OR=0.009 [CI: 0.002-0.044]. In 45 cases,
a patient management protocol was used with risk assessment of complications at each stage, as a result of which no complications were noted in
96% of cases.

Conclusion: The presented comprehensive approach to the prevention of complications based on consideration of the individual characteristics of
the patient and the use of multidimensional modeling can effectively reduce the incidence of complications and may help even a novice specialist in
choosing of proper treatment tactics.
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BBEOEHMUE

MpoduNaKTMKa OCNOXKHEHMIN MOCAe ONEpPaTUBHOMO JIeYEHUA
3MMK 3aBUCHT, NPEXAE BCETO, OT KAYeCTBa NPOBEAEHHON onepauum,
a TaKXXe OCHOBbLIBAETCA Ha 6a30BbIX MPOTOKOMAX BEAEHWUS XUPYPru-
YECKMX MaLMEHTOB. 3a4acTylo cam XMPYpPr, ONMMPAasACh JMWb Ha CBOWM
JINYHBIV ONbIT, NPOBOAMT T€ UM UHblE NPOdUAAKTUYECKME Mepbl Be3
yYéTa MHAMBMAOYANbHbIX OCOBEHHOCTEW NaUMeHTa, YTo He Bceraa no-
3BO/IAET M30€eKaTb 0CNIOKHEHWUN. CyLLECTBYHOT Pa3NYHble MPOrHOCTYH-
YecKMe anropuTMbl ONPESENEHNA PUCKA PA3BUTUA OCNOKHEHWUI NpK
neyveHun naupeHTos ¢ 3MMK, Ho 3a4acTyto AaHHbIe NOAXOAbI COXKHbI
B MCMONb30BaHUM M NMPUOBPETAIOT CBOK «aKTyasIbHOCTbY YyXKe nocne
NPOBEAEHHOIO XMPYPrUYECKOro BMeLaTenbeTsa [1, 2]. Mmetotea uc-
CNegoBaHMA 3apybeXkHbIX aBTOPOB, r4e AaHHble 6a3MPyHOTCA Ha OLEH-
Ke MoKasaTenen nauueHTa, KOTopble HE BXOAAT B MPOTOKO/bI OKa3a-
HWS 3KCTPEHHOI TPaBMATONIOMMYECKOM NOMOLLM B HALLeW CTpaHe, U,
COOTBETCTBEHHO, MX MPUMEHEHWE He NPEACTABAAETCA BO3MOMKHbLIM
AN 6ONbLUMHCTBA NPOGUAbHBIX MeayupexaeHnit [3, 4]. Tak, B paboTe
Bruce J, Sutherland A (2013) onucaH xog, 06cnefoBaHUA NaLMEHTa €
yuétom 60nee 50 KNMHUYECKMX M NabOPaTOPHbIX NOKa3aTenel ¢ npu-
MeHeHMeM MeTa-aHaiu3a [5]. Henb3s 3abbiBaTb Mpo WKabl OLEHKM
60111, 300p0BbA U IGPEKTUBHOCTM NPOBEAEHHOTO NEYeHMUs, HO, K
60/1bLIOMY CONANEHUIO, OHU ABAAIOTCA OTCPOYEHHBIMM Crocobamu,
1, COOTBETCTBEHHO, MPOBECTU NPOGUNAKTHKY YIKEe COCTOABLLErocs oc-
NOXXHEHWA HEe NPeAOCTaBAAETCA BOSMOMXKHbIM [6-8].

MpoBeaéHHbI Hamu 0630p OTeYecTBEHHOW W 3apybexkHoi
NUTEPATYPbl HE Jan Ham AOCTaTOYHO ybeauTenbHOM MHPOpMaLm
0 BO3MOXHOCTU ObICTPOrO ONPEAENEHNA TaKTUKMN BEAEHMA NaLMeH-
ToB ¢ 3MMK 1 npoBeaeHNa afeKBaTHbIX NPOPUNAKTUHECKMX Mep AnA
CTOMKOTO CHUMKEHWUS PUCKA OCNIOKHEHWI, KoTopas 6asupoBanack Obl
Ha 06Lea0CTYNHbIX 06BbEKTUBHBIX KpuTepusax [9-11]. OnucaHHan cu-
Tyauus W nerna B OCHOBY pPa3paboTKM MHHOBALMOHHOIO MOAX0Aa B
NeyebHO-AMArHOCTUYECKMX aNropuTMax Mo BEAEHWUIO MALMEHTOB C
3MNK.

LLENb UCCNEQOBAHUA

OnTMMM3MpPOBaTb NPOPUNAKTUKY NOCNEONEPaALMOHHBIX OCOXK-
HeHul npu 3MMK ¢ yuétom nporHosmposaHua OGP ux passutus.

MATEPUAN U METOAbI

M3yyeHbl aaHHble 490 naumerTos ¢ 3MMK, ¢ 2010 no 2020 rog,
nposieYeHHbIX Ha 6ase KnnvHWyeckoW 60/IbHMLBI CKOPO MeanLMH-
ckoit nomowy mmenn H.B. ConosbéBa. MccnepgoBaHue NOCTPOEHO
Ha aHa/sM3e apXMBHbIX UCTOPUI BONE3HM M AaHHbIX U3 HabaoAeHUM
TEKYLLMX Cly4aeB TpaBmbl. Y Bonblueid YacTv naumeHToB (94%) Tpas-
Ma UMena cBexuin xapaktep (0T 3 f0 12 yacoB OT MOMEHTa TPaBMbI).
HeHLwwmH 6b110 25 (5%), MykunH — 465 (95%). BopacT Bapbuposan ot
18 no 70 net. Y 183 naumneHToB (37%) 6bin BbIABNEH (AKT OCNOKHE-
HWA Noc/e NPOBEAEHHOO IEYEHUA: MUMPALLMA METANITIOKOHCTPYKLMK
(14%); ocTeommenuT nATOYHOM KocTw (9%); Tpoduueckne HapyLle-
HUA (HEKPO3 KOXM) (21%); HarHoeHWe nocneonepaLMoHHOW paHbl U
30Hbl 0OCTeOCUHTe3a (51%); cBULLM U TeHAMHUTBI (5%). OnepauuoHHoe
nocobve BbINONHANOCH COMMAcHO KaHoHam no cucteme ORIF (Open
Recovery Internal Fixation).

[lnA BbiIABNEHMA peanusaumm 3HaYMMblx GpaKTopOB pUCKa Npo-
Be/leHa OLeHKa Mo oTHoLWeHMto waxcos (OLU). Mpoueaypa peayKumm
[aHHbIX MO3BONWMA COKPATUTL PAA, NPEAUKTOPOB U ONPEeAeUTb UX
MaKCMMasbHYIO 3HaUMMOCTb. C NOMOLLBIO Ko3ddUUMEHTa Koppens-
LMW T YCTAHOB/IEH MY/ NEPEMEHHbIX, «TPUTOLAHBIX» ANA AaNbHelLero
CTaTMUCTUYECKOro aHanu3a. [na AOCTUMKEHMA BbINOJHEHUA KOMMIEKC-

INTRODUCTION

Prevention of complications after surgical treatment of CCF
depends, first of all, on the quality of the operation performed,
and is also based on the protocols of the management of surgi-
cal patients. Commonly the operating surgeon, relying only on
his personal experience, carries out certain preventive measures
without taking into account the individual characteristics of the
patient, which does not always allow to avoid complications.
There are various predictive algorithms for determining the risk
of complications in the treatment of patients with CCF, but these
approaches are often difficult to use and they become relevant
after the surgical intervention is done [1, 2]. In some countries
patient’s assessment includes certain indicators which are not in-
cluded in the protocols of emergency care in trauma in this coun-
try, and, accordingly, their application is not possible for most of
our specialized medical institutions [3, 4]. The protocol of the pa-
tient’s examination may include more than 50 clinical and labora-
tory parameters using meta-analysis [5]. In this connection scales
for ranking pain, health and effectiveness of the treatment should
be mentioned, but, unfortunately, they are deferred methods of
assessment, and they do not allow to prevent complications that
have already developed [6-8].

Our review of literature did not allow us to collect sufficient
amount of solid information regarding promptly chosen tactics
of patients’” management in CCF and undertaking adequate pre-
ventive measures allowing to significantly reduce risks of compli-
cations, based on common objective criteria [9-11]. That’s why
we decided to develop an innovative approach to treatment and
diagnostic algorithms for the management of patients with CCF.

PURPOSE OF THE STUDY

To optimize prevention of postoperative complications in
CCF, focusing on prediction of the RF of their possible develop-
ment.

METHODS

We analyzed of 490 patients with CCF, treated at the Clinical
Hospital of Emergency Medical Care named after N.V. Solovyov
between 2010 and 2020. The study was based on the analysis
of archive medical records and data from observations of current
trauma cases. In the majority of patients (94%), the trauma was
recent (3 to 12 hours from the moment of injury). There were 25
women (5%) and 465 men (95%) among the patients with age
range 18-70 years. In 183 patients (37%), complications were
diagnosed after treatment, among them translocation of metal
parts of the prosthesis (14%); osteomyelitis of the calcaneus (9%);
trophic disorders, particularly skin necrosis (21%); suppuration of
the postoperative wound and the osteosynthesis zone (51%); fis-
tulas and tendinitis (5%). Surgical treatment was performed ac-
cording to the requirements of the ORIF (Open Recovery Internal
Fixation) system.

To analyze the risk pathology, the RF and the potential for
their realization were assessed, the latter being estimated as
odds ratio (OR). The data reduction procedure made it possible to
reduce the number of predictors and determine their highest val-
ue. Using the correlation coefficient 1, a pool of variables suitable
for further statistical analysis was composed. To achieve a com-

387



Savgachev V'V et al Prevention of complications of calcaneus fractures

AVICENNA BULLETIN
Vol 23 * Ne 3 * 2021

HOW OLLEHKW BbIIBEHHBIX NPEAMKTOPOB, Kak eMHON CUCTeMbI, NPO-
BefleHa npoueaypa /0rMCTUYECKON perpeccum ¢ NoCTPoeHWeM ypas-
HEHWA TOTUCTUYECKOM perpeccuu.

CraTcTnyeckan 0bpaboTka JaHHbIX BbIMOAHEHA C MOMOLLbBHO
nporpamm Statistica (sepcua 12.5) n MedCalc (Bepcus 15.8). Bbiau
npoBeAeHbl caedytolme npoLeaypbl CTaTUCTUYECKOTO aHaAn3a: onu-
CaTeNbHaA CTaTUCTMKA; NPOBEPKa CTaTUCTMYECKMX rMnoTes; OLeHKa
(baKTOPOB PUCKa (OTHOLLEHME LIAHCOB C BbIAB/IEHWEM [LOBEPUTENBHO-
ro MHTEpPBana); aHasM3 3aBUCMMOCTeN No Kputepuio Tay-KeHganna;
MHOMECTBEHHasA NIOrMCTUYECKan perpeccua 1 aHaams xapakTepucty-
yeckux Kpmebix (ROC-aHanms). CBA3M U PUCKM ObIAM CTAaTUCTUUECKU
3HauYMmbIMu npu p<0,05.

PE3YNIbTATbI U UX OBCYXXAEHUE

MpoBeaeHa nNpoueaypa onNucaTeNbHOM CTaTUCTUKM, Tae B Bblae-
JIeHHbIX Tpynnax M3 nepBoHaYanbHOro y4éTta 65 napametpos (nepe-
MEHHBIX) CTaTUCTUYECKM 3HauUMMble pasnmnuma (p<0,05) obHapyxeHbI
TONbKO No 34 napameTpam.

AHaNN3 PUCKOBOM NATONOMMK Aan BO3MOXKHOCTb BbISBUTb PAZ,
CTaTUCTUYECKM 3HAUMMbIX ®P, MOBAMABLIMX Ha pPa3BUTME OCIOMKHE-
HWIA: OTEK B 30HE Nepenoma Ha AeHb OnepaLmu 1 CnycTs TPOe CYTOK,
OlW=0,07 [0,015-0,294]; HeBbINOAHEHME  AHTMOMOTMKO-NPOdUNAK-
TVKM nepep, Hayanom onepaumu, OL=0,053 [0,006-0,402]; Hanuume
3HaYMMoro 3aboneBaHma Ha poHe Tpasmbl, OLLI=0,252 [0,108-0,586];
pagyKanbHble M3MeHeHWA nabopaTopHoro uccneaosaHus, OLL=0,137
[0,056-0,327]; BblpakeHHOE OTKAOHEHWE 3HAYEHWI B KOHTPOJ/IbHbIX
aHanusax, OLL=0,12 [0,038-0,42]; He BbINOJHEHWE PEHTreHa nocne
onepaumu, OLLI=0,095 [0,031-0,286]; oTcyTcTBME NPODUNAKTUKM TPOM-
603Mb0/IMYECKMX 0CNoKHeHNM, OLL=0,02 [0,038-0,38]; KauecTBo npea-
CTaB/IEHHbIX PEKOMEHAALMM B BbINTMCHOM 3nunKpum3e, OLL=0,073 [0,038-
0,142]; Taskénbiii dusmyeckmin Tpya, OLL=0,009 [0,002-0,044] (pwc. 1).

M3BECTHO, YTO YYET M OLeHKa DP 1 WwaHca X peannsaumm Ae-
naTca 6a30BbIM MNOAXOLOM NPU NPOBEAEHUW UCCEA0BAHUI TaKOTO
poza [12]. OaHaKo NPOrHO3MPOBaTb UCXOA, IEYEHUA, NONArAACh NNLLb
Ha y4éT OP, ABnseTCca He coBcem NpaBu/bHbIM [13]. MpoBeaeHue ke
COBMECTHOTO Y4éTa BCex Kputepunes U GakTOpoB OYEHb TPYAOEMKO U
TOXe HeapPEKTUBHO. BbiNoNHEHWE Npoueaypbl PesyKuuM OaHHbIX
MO3BO/IU/IO COKPATUTb PAA, NPEAVKTOPOB U ONPESEeUTb UX MAKCK-
MaJIbHYIO 3HAYMMOCTb. BbiumncneH KoadpPuUMEHT Koppenaumm T (Tay)
no metogy KeHganna v ycTaHOBAEH NyN NePEMEHHbIX, «NPUFOAHBIX»
[ANA faNbHeNLero CTaTUCTUYECKOTro aHaIM3a C BK/IKOYEHUEM KpUTepu-
€B, UMEIOLLMX «CUbHYIO» cBA3b (1>0,25) ¢ akTOM Pa3BUTUSA OCIOXK-
HeHwus (Tabn. 1, 2).
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prehensive assessment of the identified predictors, as a unified
system, a logistic regression procedure was carried out with the
construction of a logistic regression equation.

Statistical data processing was performed using Statistica
(version 12.5) and MedCalc (version 15.8) software. The following
statistical analysis procedures were carried out: descriptive statis-
tics; verification of statistical hypotheses; risk factors assessment
(OR with confidence interval); analysis of dependence according
to the tau-Kendall criterion; multiple logistic regression and char-
acteristic curve analysis (ROC analysis). Data were statistically sig-
nificant at p<0.05.

RESULTS AND DISCUSSION

Descriptive statistics data demonstrated that in the selected
groups from the initial consideration of 65 parameters (variables),
statistically significant differences (p<0.05) were found only for 34
parameters.

Analysis of risk pathology made it possible to identify a
number of statistically significant RFs that influenced the devel-
opment of complications: edema in the fracture zone on the day
of surgery and three days later, OR=0.07 [0.015-0.294]; failure
to perform antibiotic prophylaxis before the start of the opera-
tion, OR=0.053 [0.006-0.402]; serious comorbidities, OR=0.252
[0.108-0.586]; significant changes in laboratory tests, OR=0.137
[0.056-0.327]; significant difference of laboratory tests values in
control tests, OR=0.12 [0.038-0.42]; failure to perform an X-ray
after surgery, OR=0.095 [0.031-0.286]; no prevention of throm-
boembolic complications, OR=0.02 [0.038-0.38]; low quality of
recommendations in the hospital discharge summary, OR=0.073
[0.038-0.142]; hard physical labor, OR=0.009 [0.002-0.044] (Fig.
1).

It is known that estimation and assessment of RFs and their
ORs are basic procedures in this kind of research [12]. However,
it is not entirely correct to predict the outcome of treatment, re-
lying solely on assessment of the RFs [13]. Joint estimation of all
criteria and RFs is very time consuming and ineffective. The data
reduction procedure made it possible to reduce the number of
predictors and determine their highest value. The correlation co-
efficient T (tau) was calculated by Kendall’'s method and a pool
of variables suitable for further statistical analysis was deter-
mined with the inclusion of criteria that have a strong correlation
(t>0.25) with complication development (Tables 1, 2).
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Tabauya 1 Cmamucmudecku 3Ha4umMble nokazamenu 000nepayuoHHO20 Nepuodd, KOPPeAupyoUUe ¢ hakmom 803HUKHOBEHUS OCAIOMHEHUS

Hanunume Y34C

BpepgHble NpuBbIYKK
AHTMBMOTUKONPOPUNAKTMKA
OTEK 30HbI Nepenoma

CAL

femorno6mH

NelikouunTbl

co3

[ntoko3a

nTtn

Z- cTaTUCTUKA p
0,606 20,166 <0,01
0,314 10,435 <0,05
0,542 18,042 <0,01
0,403 13,426 <0,05
0,299 9,939 <0,05
-0,294 -9,796 <0,05
0,385 12,815 <0,05
0,268 8,908 <0,05
0,407 13,533 <0,01
-0,349 -11,602 <0,05

Npumeyanusa: Y3C — ynbTpa3sykoBoe ayniekcHoe ckaHuposaHue; CALl — cuctonnyeckoe aptepuanbHoe gasnenume; CO3 — ckopocTb ocegaHua sputpouutos, NTU —

NPOTPOMBUHOBbIN MHAEKC

Table 1 Statistically significant indicators of the preoperative period, correlating with complications development

Indicators

Duplex Ultrasound availability
Bad habits

Antibiotic prophylaxis
Swelling of the fracture zone
Systolic blood pressure
Hemoglobin

Leukocytes

ESR

Glucose

Prothrombin index

T- Kendall Z- statistics p
0.606 20.166 <0.01
0.314 10.435 <0.05
0.542 18.042 <0.01
0.403 13.426 <0.05
0.299 9.939 <0.05
-0.294 -9.796 <0.05
0.385 12.815 <0.05
0.268 8.908 <0.05
0.407 13.533 <0.01
-0.349 -11.602 <0.05

Tabauya 2 Cmamucmuyecku 3Ha4uMble NOKA3amesnu NoceonepayuoHHo20 Nepuooa, Koppesaupyrouwue ¢ hakmom 803HUKHOBEHUSA OCAOMHEHUS

Hanwnuume noureta

TemnepaTtypa B 1-e cyTKM nocne onepauumn
NenkoumnTbl

CO3

PekomeHpaumm

Z- cTaTUCTUKA p
0,363 12,086 <0,01
0,541 17,996 <0,05
0,402 13,372 <0,01
0,352 11,722 <0,05
0,658 21,902 <0,01

Table 2 Statistically significant indicators of the postoperative period, correlating with complications development

Indicators

The presence of a splint

Temperature on the 1% day after surgery
Leukocytes

ESR

Recommendations

MpoBes&HHasa Hamu npouesypa NOTUCTUYECKON perpeccun ¢
MOCTPOEHWEM YpPaBHEHUA JIOMUCTUYECKOW perpeccumn co3gana ycio-
BUA anA 3PpPEKTUBHOM OLEHKM BbibOpa METoAa NEYEHMA C YYETOM
NepemeHHbIX, CBA3aHHbIX C GAKTOM BO3HUKHOBEHWS OC/OXKHEHWS.
MposeaeHa npoueaypa ROC-aHanm3a. MoctpoeHsl ROC-Kpusble ana
moaenu Bbibopa meTosla NeYeHns Ha LOONepaLMoHHOM 3Tane U ans
MOZENN OLEHKN BEPOATHOCTU BO3HWUKHOBEHMA OC/MOMKHEHWUA mocne
Y¥Ke BbINONHEHHOrO NIeYeHna COOTBETCTBEHHO. OTHOLWEHNWe 3aBUCH-
MOCTH «YyBCTBMTENbHOCTb/100-CeudYHOCTb» C OCHOBHbLIMU Ore-
PaLMOHHBIMM XapaKTEPUCTUKaMM OTOBPAKEHO Ha puC. 2.

t- Kendall Z- statistics p
0.363 12.086 <0.01
0.541 17.996 <0.05
0.402 13.372 <0.01
0.352 11.722 <0.05
0.658 21.902 <0.01

Our procedure of logistic regression with the construction of
a logistic regression equation allowed an effective assessment of
the choice of a treatment method, taking into account the vari-
ables associated with the incidence of complications. The ROC
analysis procedure was carried out. ROC curves were constructed
for the model of choice of the treatment method at the preop-
erative stage and for the model for assessing the probability of
complications after the performed treatment. The ratio of the
correlation “Sensitivity/100-Specificity” with the main operation-
al characteristics is shown in Fig. 2.
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Puc. 2 Xapakmepucmuyveckue Kpussie: a — ROC-kpusas 014 modenu
gbibopa memooda nevyerusa; 6 — ROC-kpusaa 0518 Modenu oueHKU ge-
POAMHOCMU 803HUKHOBEHUA OC/IOMHEHUA Nocse NPo8edEéHHO20 sle-
YeHUS C y4EMOM UeH3ypupoBaHHbIX OaHHbIX

BEe3ycNoBHO, MO/YYEHHbIE AaHHble O MPOrHO3e PUCKA PasBu-
TWUA OCNOXKHEHWI NO3BONAIOT NHOBOMY CELMANUCTY, OKa3blBALOLLEMY
TPaBMaTO/IOMMYECKYO MOMOLLb, Aake He Mmes 6ONbLIOro OMbiTa, Co-
CTaBWTb NaH AMArHOCTUKU U NIEYEHMA.

Mo uToram npoBeAEHHOrO aHanu3a YAaNoCh BbIAENUTL Mpe-
[MKTOPbI U TOYKM WX Y4ETA BO BPEMEHHOIA LLKane, KOTOPbIE, B CBOKO
ouepesib, NO3BOMAM MOCTPOUTL YETKYIO NOCNEL0BATENbHOCTb AeW-
CTBUIA U MEpONpUATUIA No BeaeHuto naumeHToB ¢ 3MMK. KoHeuHoe
BOM/IOLLEHWE 3aKNIOYMUIOCH B CO3AaHWUMN NPOTOKOA BEAEHUA AaHHbIX
MaLMeHTOB, KOTOPbIW BKOYAET 2 Nepuoaa: | — CTaLMOoHapHBbIN (paun-
TeNbHOCTb A0 12 cyToK), Il — ambynaTopHbIi (OT MOMEHTA BbINUCKM U3
CTaLmMoHapa v oo 4 mecaues).

CTaumMoHapHbIiA Neprog, BKAtoYaeT B cebsa 4 stana:

1.  3Tan nepBMYHOro obpaLleHus B CTaLuMOHap (ANNTENbHOCTb
atana— 1 cyTku).

2. [oonepaumoHHbIi 3Tan (4AMTeNbHOCTb — OT 2 A0 3 CYTOK).

OnepaumoHHbIM 3Tan (1 cyTku)

4. 2Tan paHHero nocneonepaumMoHHoro HabnogeHus (ot 4-5
[0 12 cyToK).

w

KakZbli1 M3 3TanoB, B CBOKO OYepesb, COCTOMT U3 psAga NMYHKTOB,
OTPAKAIOLMX COAEPHKaHME U/UAKU AAUTENbHOCTb/KPAaTHOCTb BbINOA-
HAEMbIX MaHUNYAALMIA.

YnpoLwEHHan cxema KOMNAEKCHOTO NMoAXoAa NPodUAaKTMKM OC-
NoXHeHul y naumenTos ¢ 3MMK npeacTasneHa B Buae paspaboTaHHO-
ro NPOTOKO/IA C YKa3aHMEM KKPUTUUYECKMX» 3TaNoB, Ha KOTOPbIX Mpo-
BOZMTCA NpOLLeAypa OLEHKM PUCKOB Pa3BUTUA OCNOXKHEHUI (puc. 3).

Mo npepnaraeMomy NPOTOKOAY C NPUMEHEHNEM pPa3paboTaH-
HbIX aNTOPUTMOB bbl1a OKa3aHa NOMOLLb 45 NauyeHTam C HEOC/IOXK-
HEHHbIMK 3MMMK. bnarogapa BbiBEAEHHbBIM aATOPUTMAM, @ UMEHHO,
BbIOOPY METoAa NeYeHns Ha A0O0MNEepauMoHHOM 3Tane C y4éTom
pUCKa Pa3BUTUA OCNIOXNHEHWUI U CNOCOBY OLEHKM pUCKa Pa3BUTUA
OC/IOKHEHUI Y¥Ke Mocne NPOBEAEHHOr0 OMNepaTUBHOIO NeYeHus,
Y4AN0Cb 3HAYUTENIBHO CHU3UTB PUCKM PA3BUTMA OCNONKHEHUI Y Na-
UMEeHTOB gaHHow rpynnbl [14, 15]. B pesynbTaTe, Npu nocneonepa-
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Fig. 2 Characteristic curves: a — ROC-curve for the model of choice
of treatment method,; b — ROC-curve for a model for assessing the
probability of complications after treatment

Obviously, the obtained data on prognosis of complica-
tions may allow any specialist in traumatology, even without
broad experience, to make up a proper plan for diagnosis and
treatment.

Based on the results of the analysis, it was possible to iden-
tify predictors and their timeline position, which, in turn, allowed
to develop a direct sequence of measures for management of
patients with CCF. The final outcome included development of
a protocol for the management of patient data, which included
2 phases: | — inpatient (duration up to 12 days), Il — outpatient
(from the moment of discharge from the hospital until 4-month
follow-up).

The in-patient period includes 4 stages:

1. Stage of primary hospitalization (duration — 1 day).

2. Preoperative stage (duration — from 2 to 3 days).

3. Operational stage (duration — 1 day)

4. Stage of early postoperative observation (from 4-5 to

12 days).

Each of the stages, in turn, consisted of a number of mea-
sures reflecting the content and/or duration/frequency of the
manipulations performed.

A simplified scheme of an integrated approach to the pre-
vention of complications in patients with CCF is presented in the
form of a protocol indicating the “critical” stages at which the
procedure for assessing the risks of complications is performed
(Fig. 3).

According to the proposed protocol, 45 patients with un-
complicated CCF were treated using the developed algorithms.
Due to the presented algorithms, namely, the choice of the treat-
ment method at the preoperative stage, based on complications
risk assessment and the method of assessing the risk of compli-
cations after the surgical treatment, it became possible to signifi-
cantly reduce the risks of complications in patients of this group
[14, 15]. As a result, no complications were observed in 43 (96%)
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CTauuoHapHbIA

nepuog, 3tan nep

Stationary period

Stage of primary hospitalization

Mpoueaypa ebi6opa
MeToAa neveHus
Procedure for
choosing a treatment
method

Mpotokon

Protocol

OnepaumoHHbIii 3Tan
Operational stage

Mpoueaypa
MWUHUMU3aLUN
puyckos

Puc. 3 Cxema npomokora ge-
0eHus nayueHmos ¢ 3K u
3Mansl OUEHKU PUCKA pa3su-
mus ocnoxHeHul

Risk mini
procedure

Am6ynaTopHbIit
nepwuog,

3Tan BbINUCKM U paHHel peabuantauum
Discharge and early rehabilitation stage

Fig. 3 Scheme of the protocol

Outpatient period

for management of patients

Jtan no3aHel peabunutauum
Late rehabilitation stage

with CCF and the stages
of assessing the risk of

LMOHHOM HabntogeHun y 43 (96%) naumeHTOB OC/IOKHEHUIA He OT-
MeYeHo; y 2 (4%) — Men MecTo AUraTypHbIN CBULL, TO €CTb YCNOBHOE
OC/IOXKHEHWE, He NMOoBNEKLee 3a c0b0oM KaKkMX-NMbo cepbE3HbIX No-
CNeacTBUiA U CBA3AHHOE, NO BCEW BUAMMOCTM, C KAYECTBOM LLOBHOTO
maTepuana.

[nsa 6onee HarnAafHOro NpeacTaBneHUsa «paboTocnocobHOCTUY
npea/iaraeMoro  KOMMIEKCHOrO NOAXO4a NPWMBOAWMM  KAMHWUYECKUI
npumep.

MaumeHT K., 44 neT, HaxogMNCA HA CTALMOHAPHOM JleYeHUH C
[AMArHo30M: 3aKpbITbl BHYTPUCYCTaBHOW HEOC/OKHEHHDIV Nepenom
NpaBoit NATOYHOW KOCTU CO cMeLLeHreM. Mpu NOCTYNAeHUU npesb-
ABNAN Kanobbl Ha 6onb B NPaBOW NATOYHOM 061aCTU, HEBO3MOMK-
HOCTb HaCTyNWTb Ha NpaBytlo Hory. BbinonHeHa KT nospeaéHHOM
KOHEYHOCTV ANA AeTanu3aumm U NOATBEPKAEHNUA AnarHosa (puc. 4).
MecTHbIV CTaTyCc He MMeN NPU3HaKoB GAMKTEH U paH (puc. 5). Ap-
TepuasnbHOe AaB/eHWe NPU NoCTynaeHnmn coctasmno 120/80 mm Hg.
MoKa3aTtenu KpoBW npu NoCTynaeHumn: remornobux — 136 r/n; nen-
KoumTbl — 7,9x10°/n; rntoko3a — 4,2 mmonb/n; MTU — 81%. Hannume

Puc. 6. CKpuHwom uHmepgetica npo2pammsl (86i60p onepamugHo20
memoda neyeHus nayueHma K.): cuHeli ckobkol ykasaHel nokasame-
71U, 3HAYEHUA KOMOopbIx BblaU y4meHsl
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Fig. 6 Screenshot of the software interface (selection of the operative
method of patient K. treatment): the indicators, the values of which
were considered, are shown in blue brackets

complications

patients during postoperative observation; 2 (4%) had a suture
fistula, that is, a conditional complication that did not cause any
serious consequences and was apparently associated with the
quality of the suture material.

The following clinical case is presented for a more visualized
representation of the proposed integrated approach.

Patient K., 44 years old, was hospitalized with a diagnosis
of a closed intra-articular uncomplicated displaced fracture of
the right calcaneus. On admission, he complained of pain in the
right heel area, inability to step on the right foot. CT scan of the
injured limb was performed for detailing and confirming the di-
agnosis (Fig. 4). Locally no erythema or wounds could be seen
(Fig. 5). Blood pressure on admission was 120/80 mm Hg. Blood
parameters on admission: hemoglobin — 136 g/I; leukocytes —

Puc. 4 KT nayueHma K. 8 pasnu4HbIx NPOEKYUAX: @ — cazummasnbHol;
b — kKopoHapHoU, ¢ — akcuanbHoU

Fig. 4 CT scan of patient K.: a — sagittal; b — coronary; ¢ — axial
projections

Puc. 5 MecmHeili cmamyc
nayueHma K. 6 OeHb
onepayuu

Fig. 5 Local status of patient
K. on the day of surgery
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Puc. 7 OcHosHbie amansi onepayuu nayueHma K.. a — peno3uyus
OM/IOMKO8 npu NOMoWU ycmpolicmea 018 ne4yeHus namoy4Hol Ko-
cmu; b — ukcayus gppaemeHmo8s Kocmu naacmuHol ¢ yesnosoli cma-
6UMBHOCMbIO BUHMAMU; C — 3AUWUMAA PAHA C PE3UHOBbLIM 8bINYCK-
HUKOM

Puc. 8 CocmosHue nocneonepayuoHHol paHel nayueHma K.: a — 2-e
CYMKu nocsie onepayuu; 6 — 8 0eHb CHAMUA Weos; 8 —yepes 1 mecay,
nocne onepayuu

BpPeAHbIX MPUBbIYEK B aHaMHe3e He BblABNeHO. BoinonHeHo Y34C
COCYZ0B HUMHUX KOHEYHOCTE: apTepuanbHbiil U BEHO3HbIN KPOBO-
TOK Ha BCEM NPOTAXKEHWM ¢ 06enx cTopoH 6e3 ocobeHHoCTeN. M3-3a
HaAMYUA CMELLEHMA NPU BHYTPUCYCTaBHOM Nepesiome, BbICTaBAEHbI
NOKa3aHUA K OMepaTUBHOMY JIEYEHUIO — OTKPLITOMY HaKOCTHOMY
oCTeocuHTesy. HayaTa npegonepauyoHHas aHTMbuoTukonpodunak-
TVKa 33 CYTKM [0 NAAHUPYEMOW onepaLum, OTMEYEHO NONHOE OTCYT-
CTBME OTEKA 30HbI NEePeNoMa Ha AeHb onepaLmn.

Hamu 6biN10 BbINOSIHEHO PELUEHWE YPaBHEHUA Perpeccuu, Ko-
TOpOE MHTErpMpPOBaHO B ABTOPCKYID KOMMbIOTEPHYIO MPOrpammy
ANA yao6bCcTBa BblUMCAEHMA N0BOMY Noab30oBaTeNto (puc. 6).

MoNyyeHHbIN pe3ynbTaT aBTOMATMYECKOro CYéTa — «onepa-
UMA» — YKas3blBaeT Ha BbICOKYID 3PHEKTMBHOCTb ONEpaTUBHOrO
METOAa JieYeHUs B AaHHON KOHKPETHOM CUTyauMu NyTEM OTKPbI-
TOW penosuuuun, GuKcauuu nAacTMHOM M BUHTamu (puc. 7). 310
BMOCNEACTBMM BbIN0 NOATBEPKAEHO KAMHUYECKM: NOCAeonepaLy-
OHHbII nepuog npoTekan 6e3 oCN0KHEHWI; NocneonepaLmMoHHasn
paHa 6bina 6e3 Npu3HaKoOB BOCMAJEHWA; HEKPO30B M Pa3BUTUA
LAPYrMX OCNOXKHEHMI B TeyeHne 1 mecALa nocne onepaTMBHOrO ae-
yeHua He 6bi10 (puc. 8).

Takum e 06pa3om BO3MOXKHO 6biN0 MosyYyeHUe pesynbraTa
aBTOMATMYECKOro CYETa KKOHCEPBATUBHO» B CyYae, ec/in bbl NoKa-
3aTeN YUMTbIBAEMbIX 3HA4YEHUIA NaumeHTa 6bian 6bl APYrMmu: Tor-
Aa 601bHOMY 6bina 6bl OKa3aHa NOMOLLb NO KOHCEPBATUBHOW BET-
Ke pa3paboTaHHOro OpuUrMHaNbLHOrO NPOToKona [16]. B HeKkoTopbIX
paboTax, B 4aCTHOCTM MeTa-aHanu3se [17] U paH4OMMU3MPOBANHHOM
KOHTPO/IMPYEMOM MCCNefoBaHMM [18], KOHCepBaTMBHbIV NoAXos4 B
nedeHnn 3MMK TakKe paccmaTpuBaeTCA KaK anbTepHaTMBA XMPYPru-
YECKOMY NIeYeHuIo.
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Fig. 7 The main stages of the operation of the patient K.: a — reposition
of the fragments using a device for the treatment of the calcaneus
fractures; b — internal fixation by angular stability plates and screws;
¢ —a sutured wound with a rubber drain

Fig. 8 Postoperative wound of patient K.: a — the 2nd day after the
operation; b — on the day of removal of stitches; ¢ — 1 month after
surgery

7.9x10%/1; glucose — 4.2 mmol/l; prothrombin index — 81%. No
history of bad habits in the anamnesis. Ultrasound examination
of the vessels of the lower limbs showed that arterial and ve-
nous blood flow along the entire length on both sides was nor-
mal. Displaced intra-articular fracture diagnosed in the patient
is an indication for surgical treatment, such as open osteosyn-
thesis. Preoperative antibiotic prophylaxis was started a day be-
fore the planned operation; there was no edema of the fracture
zone on the day of surgery.

Regression equation was solved using the software integrat-
ed into the author’s PC which makes it convenient for any user to
apply (Fig. 6).

The result of estimation showed high efficiency of the sur-
gical method of treatment in this patient by means of open re-
duction, fixation with a plate and screws (Fig. 7). This was sub-
sequently confirmed clinically: the postoperative period was
without complications; the postoperative wound was without
signs of inflammation; there were no necrosis or other complica-
tions within 1 month after surgical treatment (Fig. 8).

Similarly, if selected indicators in this patient had differ-
ent values, their estimation could recommend to proceed with
conservative treatment according to our protocol [16]. In some
works, in particular a meta-analysis [17] and a randomized con-
trolled trial [18], a conservative approach to the treatment of CCF
is also considered as an alternative to surgical treatment.
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3AKNIOYEHMUE

MpoBeaéHHbIN aHan3 oLeHKM OP 1 WaHCOB UX peanunsaumm no-
3BO/INA ONPESENNUTb UCXOA-3aBUCUMMbIe GAKTOPbI, ONpeaeneHne KoTo-
pbix B 60AbLLEN CTeNeHU AAET BO3MOMHOCTb YNpaBAATb NPOLECCOM
NPeAoTBPALLEHMA PA3BUTUA OCNONKHEHMIA. Mcnoib3oBaHKWe Co3aaH-
HOMN PEerpeccUoHHOM MOAEN M OPUTMHA/BHOMO NMPOTOKONA BEAEeHUSA
NaLMeHTOB NO3BOAAET YNPOCTUTb M YAYULLWTbL Ka4ecTBO MpoLeaypbi
BbI6OPa METOoAa IeYeHMA U NPOGUNAKTUKM PUCKA PA3BUTHA OCIONKHE-
HUIA yxKe nocne NPoBeAEHHOTO NeYeHus.

CONCLUSION

RF assessment and estimation of the potential of their reali-
zation made it possible to select the outcome-dependent factors,
determination of which allows to a greater extent to prevent of
complications. The use of the proposed regression model and the
original protocol of patient management make it possible to sim-
plify the procedure of selecting treatment method and improve
prevention of complications after treatment.
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