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NABOPATOPHW BUOMAPKEPW MNMPU OCTbP ANEHAULUNT: PETPOCINEKTUABHO
KOXOPTHO NMPOYYBAHE [BULGARIAN]

PE3HOME

YBog: Ocmpusim aneHguuum e egHa om Hal-yecmo cpewaHu namoaoz2uu B kopemHama
xupypaus, npu kosamo paHHama cmpamudukauus Ha mexkecmma e kalouoBa 3a
npegomBpamsaBaHe Ha ycAoXKHEHUS. BbgnaaumeaHume buomapkepu u mexHume npou3BogHu
cbomHoweHus — CRP(mg/l)/anbymuH(g/l) (CAR), dubpuHozeH(mg/l)/anbymuH(g/l) (FAR),
Heympoduau/aumpouumu (NLR) — ce pa3zaaekgam kamo peHmabuAaHu u gocmbnHU
UHCMpyMeHmMu 3a nogobpsiBaHe Ha guagHOCMUYHamMa MoyYyHocm u mpuaxa.

Mamepuaau u memogu: lpoBegeH e pempocnekmuBeH aHaAu3 Ha nayueHmu C oCmbp
aneHguuum, onepupaHu 3a nepuoga 1.10.2024—1.10.2025 2. BvB Il KauHuka no xupypaus,
YMBAACM ,H.N. Mupoz2oB”. N3kaloueHu ca nayueHmu ¢ peakmuBeH aneHguuumM UAU HENBAHU
AabopamopHu gaHHu. lpoyueHu ca gemozpadckume gaHHU, onepamuBHume gocmwbunu,
uHmpaonepamuBHama mexkecm, cmoluHocmume Ha CRP, ¢ubpuHozeH, WBC, 6uaupybuH,
kakmo u u3zuucaeHume cvbomHoweHus CAR, FAR u NLR. M3noa3BaHu ca ROC-kpuBume, AUC,
Youden npag, Pearson u Spearman kopeaauyuoHHu koeduuyueHmu.
Pe3yamamu: B npoyuBaHemo 651xa BkaloueHu 73 nauueHmu (57.5% onepupaHu Aanapockoncku
c HUBo Ha koHBepcuu 12.3%). NaH2peHo03eH neppopamuBeH aneHguuum bewe ycmaHoBeH npu
37% om 6oaHume. CAR (AUC=0.75), NLR (AUC=0.74) u CRP (AUC=0.74) noka3Bam Hali-Bucoka
guazHoCmuyHa mouHocm, canegBaHu om FAR (AUC=0.70) u WBC (AUC=0.69). YcmaHoBeHume
npa2zoBu cmolHocmu 3a npegonepamuBHama npegukuuss Ha ycAoXkHeHU @opMu Ha
aneHguuum — CAR = 2.28, NLR = 7.21, FAR = 0.09, coomBemcmBam Ha nybaukyBaHume
me)kgyHapogHu guana3oHu. Hal-cuAHu Kkopeaauuu cbC cmeneHma Ha mexXecm ce
HabalogaBam npu CAR (p=0.53), CRP (p=0.51) u FAR (p=0.49). Omuumam ce noAoBo-
cneyuduuHu pa3auku u no-cuaHa 3aBucuMocm npu >KEHU U hayueHmume, onepupaHu
koHBeHuuoHanHO uau npu koumo ce e HanoXkuna koHBepcus. Mo-Bucokume cmolUHoCcMu Ha
6uomapkepume ce acoyuupam c ygbakeH 60AHUYEH npecmoll.

MN3Bogu: CAR, NLR u FAR geMoHcmpupam Bucoka guazHocmuuyHa u npo2HOCMuYHa cmMouHoCcm
npu oueHka Ha me>kecmma Ha ocmbp aneHguuum. YcmaHoBeHume npa2oBu cmoliHocmu ca
npuaokumu B8 kauHuuHama npakmuka u nognomazam paHHama ugeHmudukauuss Ha
ycnokHeHu popmu. PymuHHomo BkalouBaHe Ha me3u bBuoMapkepu u mexHume CbOMHOWEHUs
mMoXke ga nogobpu mpuaka, npo2Ho3ama u onepamuBHOMO NAaHUpPaHe.

KARQUYO0BU AYMUA

Ocmuvp aneHguuum; Bbv3naanumenHu 6uomapkepu; C-peakmuBeH npomeuH (CRP);
cbomHoweHue CRP/anbymuH (CAR); cvomHoweHue Heympoduau/aumbouumu (NLR);
CbomHoweHue pubpuHoz2eH/anbymuH (FAR).
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BbBEAEHUE

Ocmpusim aneHguuum e Hall-uecmama cnewHa kopeMHa Xxupypa2uuHa namoaoz2usi. Bbnpeku
Hanpegbka B obpa3zHama guazHocmuka, paHHama u mo4Ha guazHo3a ocmaBa om kalouoBo
3HaueHue 3a npegomBpamsaBaHe Ha ycAokHeHus.. Buomapkepume npegaazam 6bp3 U
peHmabuAeH uHCcmpyMeHmM 3a mpuaX u cmpamudukayus Ha cmeneHma Ha mekecm B8
pamkume Ha kauHuuHume ckopoBu cucmemu. TakuBa nokazameau kamo cbomHoOweHUSs
CRP(mg/l)/anbymuH(g/l) (CAR), dubpuHozeH(mg/l)/anbymuH(g/l) (FAR), HeympoduAau/
aumopouumu (NLR) no gaHHume Ha cBemoBHa Aumepamypa geMoHCmpupam obewaBawu
pe3yaAmamu npu guazHocmuuupaHe Ha ycAoXHeHU GopMuUu Ha ocmpus aneHguuum u
npo2Ho3upaHe Ha kauHu4YHUS Xog Ha moBa 3aboaaBane [1,7,8,10].

MATEPUAA N METOAU

C ugnoa3zBaHemo Ha MeguuuHckus copmyep “Gamma Consult” ce npoBege pempocnekmuBeH
aHanu3 Ha gaHHume 3a nepuog Mmexkgy 1.10.2024z2 u 1.10.20252, BkalouBawu nauueHmu,
onepupaHu BwvB Il kauHuka no xupypaus, YMBAACM “H.U.Mupoz2oB” no noBog ocmuobp
aneHguuum. MNMpoBege ce cmamucmuueckama obpabomka Ha gaHHUmMe ¢ u3noan3BaHemo Ha
ROC-kpuBume, AUC, npazoBus uHgekc Ha Youden, kopeaauuoHHume koeduuyueHmu Ha
Pearson and Spearman ¢ ueA ga ce aHaAu3upam pe3yaAmamume om onepamuBHomo AeveHue
npu uznon3BaHemo Ha pa3AuyHU onepamuBHU gocmubnu, npoueHm koHBepcuu, kopeaauus
meXkgy u3caegBaHu npegonepamuBHo Bb3nanumeAHu Mapkepu u HanpegHaanoCmma Ha
Bb3nanumeAHuss npouec, nocmonepamuBHume ycAaokHeHus. Om npoyuyBaHemo 6axa
ugkaloueHu nauueHmu c peakmuBeH aneHguuum; 6oAHUME, npu koumo He 6sixa u3zcaegBaHu 1
uau noBeue Mapkepu om Heobxogumume; nauueHmume, aneHgekmomupaHu B xoga Ha
nAaHoBu onepamuBHu uHmMepBeHyuu.

NpoBegeHusm pempocnekmuBeH aHanu3 BkalouBa o6bwo 73 nauyueHmu, onepupaHu 3a
nocoueHus nepuog, om koumo 41 - moXke u 32 — keHu. NauyueHMumMe 6saxa cmpamudguuyupaHu
cnpamo mekecmma Ha uHmpaonepamuBHama Haxogka: 2aH2peHo3eH nepdopamuBeH (M),
2aHzpeHo3eH (), preamoHo3eH (D) u kamapaneH (K) aneHguuyum. MpoBege ce cpaBHuMeneH
aHaAu3 Ha HuBama Ha 06w, u gupekmeH 6uaupybuH, CRP (mg/l), dubpuHozeH (mg/l),
cvbomHoweHuss CRP(mg/l)/anbymun(g/1) (CAR), dubpuHozeH(mg/l)/anbymuH(g/l) (FAR), kakmo u
cmolHocmume Ha AeBkouumu WBC(x10°%/A), npoueHm HeympoduAau u AumMdouumu u
msaxHomo cbomHoweHue (NLR).

PE3YNATATU

42 (57,5%) 6oaHU 6sixa onepupaHu Aanapockoncku, 22 (30,2%) - koHBeHuuoHaAHO, npu 9
(12,3%) ce Hanoxku koHBepcus (dpuz.1). MpogomkumeaHocmma Ha 60AHUYHUS npecmou Bapupa
meXkgy 4,5—5,6 gHu.
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Qua.1. A - PaznpegeAeHue Ha 6oAHUMe cnopeg uHmpaonepamuBHama Haxogka b - cnopeg onepamuBHus gocmen

3a nocoueHus nepuog B kauHukama 6sixa onepupaHu 27 60AHU € 2aHz2peH03eH hepdopamuBeH
aneHguuum (37% om Bcuuku nauueHmu), cpeg koumo 10 (37%) onepupaHu Aanapockoncku, 9
(33,4%) koHBeHuuoHaAHO, npu 8 BoAHU ce Hanoku koHBepcusa (29,6%), ¢puz.1l. CpegHume
cmouHocmu Ha 06w, u gupekmeH BuaupybuH, uzcaegBaHu npegonepamuBHo, B ma3u 2pyna
6oAHU ca cvomBemHo 19,78+11,7 pmol/L u 4,43+2,6 pumol/L, CRP - 175,5+121,5 mg/L,
dubpuHozeH - 567,74+153,19 mg/L, noka3zBawu Bucoka BapuabuaHocm Ha cmouHoCcMume.
CpegHume 3HaueHus Ha CAR u FAR ca 4,475+3,27 u 14,26+4,7. HuBama Ha WBC B ma3u 2pyna
60oAHU cbcmaBuau cpegHo 15,42x10°%/A+4,56, a NLR - 12,15+7,8.

Cpeg ocmaHanume 46 6oAHU nauueHmu (63%), 24 6oAHU (52,2%) bsaxa ¢ 2aH2peHO03eH, 19
(41,3%) - c daeaMoHO3€eH, 3 (6,5%) - c kamapanaeH aneHguuum. 32 nayueHmu (69,56%) 8 masu
kamezopuss 6sixa onepupaHu Aanapockoncku, 13 (28,26%) - koHBeHuuoHaAHO,
koHBepmupaHemo ce Haanoku npu 1 nauueHm (2,17%). CpegHume 3HaueHuss Ha
cbomBemHume nokazameau 8 me3u 2pynu cnpsiMo nbpBama ca npegcmaBeHu 8 mabauua 1.

Taba.1. CpegHume 3HayeHus HO cbomBemHume nokazameau no 2pynu 60AHU

rm r,oK r QK
Obuw, 6uAupybuH, | 19,78+11,7 19,07+11,36 19,84+11,54 17,8+9,557
pmol/L
AupekmeH 4,43+2,6 3,614+2,04 4,013+2,4 3,327+1,647
B6uAupy6bUH, umol/L
CPIM, mg/L 175,5+121,5 62,92+79,34 70,59+62,59 54,15+86,8
QubpuHozeH, mg/L 567,74+153,19 | 418,63+112,35 | 427,29+121,09 | 413,82+120
CPM(ma/A) 4,475+3,27 1,43+1,9 1,6+1,46 1,21+2
/anbyMuH(2/a)
dubpuHozeH(m2/n)/ 14,26+4,7 9,17+2,7 9,562+3,19 8,92+2,62
anbyMuH(2/A)
WBC (x10%/A) 15,42+4,56 12,99+3,4 14,3+3,25 11,79+3,25
Neu/Lymph 12,15+7,8 7,99+4,3 9,4+3,6 6,53+3,99

MNMpoBegeHusm ROC aHaau3 noka3Ba, ue makuBa nokazameau, kamo CRP (AUC = 0.74) u CAR
(CRP(mg/l)/anbymuH(g/l)) (AUC = 0.75), kakmo u NLR (Neutrophil-to-Lymphocyte Ratio) (AUC =
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0.74) gemoHcmpupam Halu-Bucoka guazHocmuuHa mouyHocm cpeg u3caegBaHume B8 ma3u
koxopma 6oAHU 6uomapkepu. FAR (bubpuHozeH(mg/l)/anbymuH(g/I)) (AUC = 0.70) u HUBo WBC
(AUC = 0.69) noka3zBam ymepeHa guazHoCmuuHa cmouHocm, puea.2.

ROC curves for biomarkers

10 . Global
Biomarker AUC AUC range
. NLR 0.74 0.70-0.82
S 08 CRP 0.74 0.70-0.80
E FAR 0.70 0.68—-0.78
g o WBC 0.69  0.65-0.75
° —— CAR (AUG 0.75)
NLR (AUC 0.74)
0.0 — S:E?C(ﬁotjucconygg))
00 02 04 06 08 10
False positive rate
A b

Que.2. A - ROC - kpuBama, b - pe3yamamume Ha npoBegeHusi ROC - aHaau3 cnpsimo cBemoBHume gaHHU

C nomowma Ha J-index (Youden - npa2) no Bpeme Ha npoBegeHus ROC - aHaAu3 ce ycmaHoBuxa
npazoBume 3HaueHus 3a u3zcAegBaHume napamMempu, koumo mMozam ga ce uznoa3Bam 3a
npegukuus Ha ycAo)kHEHa popMa Ha 0OCMbp aneHguuum u ce cbomHacsm ¢ gokaagBaHume B
cBemoBHa Aumepamypa cmouHocmu. Cpeg u3cAegBaHume 6uomapkepu Hal-CUAHO
kopeaupam c meXkecmma Ha 3a6oAaaB8aHemo noka3Bam CAR (p=0.53) u CRP (p=0.51), cnegBaHu
om FAR (p=0.49), koumo geMoHCMpupam ymepeHa hoAoXkumenHa Bpo3ka.

NLR (p=0.36) noka3Ba no-caaba, Ho cmamucmuuecku 3Hauuma 3aBucumocm, gokamo WBC
(p=0.26) ocmaBa c o2paHuueHa npo2HOCMuUYHa cMouUHoCmM, mabAa.2.

HuBama Ha 06w, u gupekmeH 6uAupybuH HAMam cmamucmuuecku 3Ha4YuMa Npo2HOCMuUYHa
cmouHocm.

Ta6a.2. [NpazoBume cmolHocmu 3a npegukyus Ha yYCAOXKHeHU opMu Ha aneHguyum

Biomarker Threshold GlobalRange p Global p Correlation strength
CAR 2.28 2.0—-2.5 0.53 0.50-0.65 Moderate

NLR 7.21 5.0-8.0 0.36 0.35-0.60 Weak—Moderate
FAR 0.09 0.08-0.12 0.49 0.45—-0.62 Moderate

CRP (mg/L) 35 30-50 0.51 0.50-0.60 Moderate

WBC (x10%/L) 11.50 10—-12 0.26 0.25—-0.40 Weak

Mpu npoBerkgaHemo Ha kopeaauuoHHus aHaAu3 Ha Pearson Mexgy CAR, CRP u FAR ce
ycmaHoBu cuaHa B3aumHa kopeaauust (r > 0.8), nopagu 6Auzkama um namodgu3uoro2uyHa
ocHoBa. NLR u WBC umam ymepeHa Bpo3ka (r = 0.4)

YMepeHama nonokumeAHa kopenauuoHHa Bpw3ka Mexkgy HuBama Ha Bwv3naanumeaHume
mapkepu u npogonkumeAHocmma Ha 60AHUYHUSA npecmol (r = 0.4—0.45) npegnonaza, ue no-
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Bucoku cmotiHocmu Ha npoyuBaHume buoMapkepu ce acoyuupam ¢ no-mexkko npomuuaHe u
no-npogonkumenHo Bv3zcmaHoBsBaHe Ha nauueHmMume.

Pearson Correlation Heatmap
1.0

0.20 0.27 0.44

08

0.6

duration_minutes 0.27 0.30

los_days 0.44 0.42

ca
nlr

fa
crp_mg/l
whe

duration_minutes

Que.3. KopeaayuoHeH aHaAu3 no Mmemoga Ha Pearson.

OBCbHXXAAHE

NMpoBegeHomo npoyuBaHe nomBuvprkgaBa guazHocmuyHama cmolHocm Ha CRP, CAR, NLR u
FAR npu ocmvp aneHguuum npu Bv3pacmHu, ocobeHo kozamo me3u BuoxumMuuyHume
noka3ameAu u CbomHoweHus1 ce npuaazam npegBug npegBapumeaHo ycmaHoBeHu npazoBu
cmolHocmu 3a gageHama nonyAauusi. Cpeg 73 nauueHmu CAR = 2.28 gemoHCcmpupa Hau-
Bucoka npozHocmuuHa cmolHocm B guazHocmuka Ha ycAoKHEHU ¢opMu Ha ocmup
aneHguuum (AUC 0.75), canegBaH om NLR = 7.21 (AUC 0.74) u FAR = 0.09 (AUC 0.70).
YcmaHoBeHume B8 xoga Ha npoyuBaHemo npazoBe ca B8 msacHo cvomBemcmBue c
nybaukyBaHume B Aumepamypa, koemo nogcuaBa maxHama kauHuuHa npuaoXkumocm [1-3].
KoeduuueHmume Ha kopeaauusi Ha CnubpMaH cbC cmeneHma Ha mexXkecm 6axa Hal-Bucoku
3a CRP, CAR u FAR, cobomBemcmBawu Ha MeXgyHapogHume gaHHuU, gokamo NLR u WBC
noka3axa ymepeHa kopeaauusi, koemo nogkpensi poasma um 8 nopBoHauanHua mpuak, HO He u
B8 cmpamudukayusama Ha mexkecmma Ha 3aboasBaHemo [4-6, 9].

Mpu cpaBHumeneH aHaAu3 MeXkgy nogzpynu 60AHU ce ycmaHoBuxa u nonoBo-cneuyuduuHu
pa3auuus: npu >keHume 6uomapkepume nokazaxa no-cuaHu kopeaauuu ¢ mexkecmma,
ocobeHo CRP (0.58) u FAR (0.64). AHanozuuyHO, npu onepupaHu koHBeHUUOHaAHO u
koHBepmupaHu 60AHU kopeaauuoHHama Bpv3ka mexkgy HuBa buomapkepu u mekecmma Ha
3abonsBaHemo ce oka3Ba no-cuaHa B cpaBHeHue c onepupaHu Aanapockoncku nayueHmu,
koemo HacouBa kom poaama Ha 6Buomapkepume npe npegukuusama Ha Xupypa2udyHama
komnaekcHocm.

Mpou3BogHume cwvomHoweHua kamo CRP/WBC u NLR/CRP noka3axa o2paHuuyeHa
gonvbAHUMEAHa uHdopmamuBHocm, cbC chabu kopenauyuu ¢ meXecmma u ocmaHaAume
buomapkepu. YcmaHoBu ce cmamucmuuecku 3Havyuma 3aBucumocm meXkgy noBuweHume
CAR, FAR u NLR u onepamuBHomo Bpeme u npogbAmkumeAHocmma Ha 60AHUYHUS npecmoll.
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Pegynamamume Ha moBa pempocnekmuBHo npoyuBaHe cvomBemcmBam  Ha
me)XkgyHapogHume gaHHU omkoM guana3oHume Ha npaz2oBume cmolHocmu, AUC
nokazameaume u cunama Ha kopeaauuume. ToBa nogkpenss u3noan3BaHemo Ha me3u
6uomapkepu npu mpuakupaHemo u npo2Ho3upaHemMo Ha meXkecmma Ha 03mpusi aneHguuum.
OzpaHuueHuama BkalouBam egHoueHmpoB gu3alH u cpaBHumeAHo Maanvk 6pol nayueHmu B
ugzBagkama. Bwnpeku moBa, 3agoAboueHocmma Ha kopeAauyuoHHUss aHaAu3 U
cmpamuduyupaHama oueHka no nogzpynu ocuzypsBam cmabuaHa ocHoBa 3a 6vgewa
MyAmMuueHmMpuyHa Baaugauyusa u uHmezpupaHe Ha peyaAmamume B8 BcekugHeBHa knuHUUHa
npakmuka.

n3BoAU

Obwama meHgeHuus nomBovpkgaBa, ue makuBa Bv3nanumenHu mapkepu, kamo CRP u
cbomHoweHusma kamo CAR u FAR, umam no-Bucoka guazHOCMuuHa U nNpo2HOCMUYHa
cmolHOoCM cnpaMOo U30AUpaHu kaembvyHu nokazameau.

MocoueHume 6uomapkepu npu HagBuwaBaHemo Ha ycmaHoBeHu B xoga Ha moBa npoyuBaHe
npa2oBu cmoliHocmu B cbuemaHue cbc cbomBemHama kauHuuHa kapmuHa u gaHHUMe om
obpa3zHama guaz2Hocmuka mMozam ga uzpasm cvbwecmBeHa poas kamo npegukmopu 3a
ycnoXkHeHa dopMa Ha ocmbp aneHguuum, ga cnoMazam npaBuaHama cmpamudukayusa Ha
cmeneHmma Ha meXecm u npeueHka 3a nepuonepamuBHu puckoBe. YmMecmHo e
ugnon3BaHemo Ha naHeAu 6Buomapkepu u MAXHOMO PYyMUHHO npuAokeHue B KkAuHuuHa
npakmuka npegBug gocmamuvuHo Bucoka edpekmuBHocm, gocmbnHocm u ukoHomuuecka
ueaecvbobpazHocm.

EmuuHa gekaapauusi: [poyuBaHemo e pempocnekmuBHo, u3noa3BaHu ca HanbAHO
aHOHUMU3UpaHU gaHHU u He e u3uckBano ogobpeHue om emuuHa komucusi Cb2AacHO
UHCMuUMyuyuoHaAHama noAaumuka.

KoHdaukm Ha uHmepecu: ABmopume geknapupam aunca Ha koHdAaukm Ha uHmepecu.

QuHaHcupaHe: He e noAyyeHo BbHWHO GuHaHCcupaHe.
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LABORATORY BIOMARKERS IN ACUTE APPENDICITIS: ARETROSPECTIVE COHORT
ANALYSIS [ENGLISH]

SUMMARY

Introduction: Acute appendicitis is one of the most common pathologies in abdominal surgery,
where early severity stratification is crucial for preventing complications. Inflammatory
biomarkers and their derived ratios—CRP(mg/L)/albumin(g/L) (CAR),
fibrinogen(mg/L)/albumin(g/L) (FAR), and neutrophil-to-lymphocyte ratio (NLR)—are
considered cost-effective and accessible tools for improving diagnostic accuracy and clinical
triage.

Materials and Methods: A retrospective analysis was conducted of patients with acute
appendicitis who underwent surgery between 1.10.2024 and 1.10.2025 at the Second Clinic of
Surgery, University Multiprofile Hospital for Active Treatment “N. I. Pirogov.” Patients with
reactive appendicitis or incomplete laboratory data were excluded. Demographic
characteristics, surgical approaches, intraoperative severity, CRP, fibrinogen, WBC, bilirubin
levels, and the calculated CAR, FAR, and NLR ratios were evaluated. ROC curves, AUC values,
Youden thresholds, and Pearson and Spearman correlation indexes were applied for statistical
analysis.

Results: A total of 73 patients were included in the study (57.5% underwent laparoscopic
surgery, with a conversion rate of 12.3%). Gangrenous perforated appendicitis was identified
in 37% of cases. CAR (AUC = 0.75), NLR (AUC = 0.74), and CRP (AUC = 0.74) demonstrated the
highest diagnostic accuracy, followed by FAR (AUC = 0.70) and WBC (AUC = 0.69). The
established thresholds for preoperative prediction of complicated appendicitis—CAR = 2.28,
NLR = 7.21, FAR = 0.09—were consistent with international reference ranges. The strongest
correlations with disease severity were observed for CAR (p = 0.53), CRP (p = 0.51), and FAR (p
= 0.49). Sex-specific differences were noted, with stronger correlations in female patients, as
well as in those undergoing open or converted surgery. Higher biomarker values were
associated with prolonged hospital stay.

Conclusions: CAR, NLR, and FAR demonstrate significant diagnostic and prognostic value in
assessing the severity of acute appendicitis. The identified thresholds are clinically applicable
and support early identification of complicated forms. Routine usage of these biomarkers and
their derived ratios may enhance triage accuracy, prognostication, and operative planning.

KEYWORDS
Acute appendicitis; inflammatory biomarkers; C-reactive protein (CRP); CRP/albumin ratio
(CAR); neutrophil-to-lymphocyte ratio (NLR); fibrinogen-to-albumin ratio (FAR).

INTRODUCTION

Acute appendicitis is the most common abdominal surgical emergency. Despite advances in
imaging, early and accurate diagnosis remains essential to prevent complications. Biomarkers
provide a rapid and cost-effective tool for triage and severity stratification within clinical
scoring systems. According to international literature data, ratios such as
CRP(mg/L)/albumin(g/L) (CAR), fibrinogen(mg/L)/albumin(g/L) (FAR), and the neutrophil-to-
lymphocyte ratio (NLR) have demonstrated promising results in predicting complicated forms
of acute appendicitis and forecasting clinical progression [1,7,8,10].
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MATERIALS AND METHODS

Using the medical software “Gamma Consult,” a retrospective analysis was conducted on data
collected between 1.10.2024 and 1.10.2025, including all patients operated for acute
appendicitis at the Second Clinic of Surgery, University Multiprofile Hospital for Active
Treatment "N.I. Pirogov". Statistical evaluation was performed using ROC curves, AUC values,
Youden's index, and Pearson and Spearman correlation coefficients to assess surgical
outcomes across different operative approaches, conversion rates, correlations between
preoperative inflammatory biomarkers and the severity of the inflammatory process, and
postoperative complications. Patients with reactive appendicitis, those lacking one or more
required biomarker measurements, and patients undergoing appendectomy during elective
surgical procedures were excluded from the study.

The retrospective analysis included 73 patients who underwent surgery during the study
period, of whom 41 were male and 32 were female.

Patients were stratified according to the severity of the intraoperative findings into four
groups: gangrenous perforated (GP), gangrenous (G), phlegmonous (Ph), and catarrhal (C)
appendicitis. A comparative analysis was performed for total and direct bilirubin levels, CRP
(mg/L), fibrinogen (mg/L), the ratios CRP(mg/L)/albumin(g/L) (CAR) and
fibrinogen(mg/L)/albumin(g/L) (FAR), as well as leukocyte count WBC (x10°/L), neutrophil and
lymphocyte percentages, and the neutrophil-to-lymphocyte ratio (NLR).

RESULTS

Forty-two patients (57.5%) underwent laparoscopic appendectomy, 22 (30.2%) underwent an
open approach, and 9 (12.3%) required conversion (Fig. 1). The length of hospital stay ranged
from 4.5 to 5.6 days.

4,10% 80,00%
(N=3 69,56%
70,00%
0, ’
26% 37% 57,50%
N=19 [t
(N=19) (N=27) 60,00%
50,00%
0,
40,00% 20.20% 37% 33,40%
20,00% 1£U070 29,60% 28,26%
A 0]
?ﬁl'_g’zoj/)" 20,00% 12,30%
10,00% 2,17%
B Gangrenous perforated 0.00%
B Gangrenous All cases Gangrenous perforated Other forms

M Phlegmonous
Catarrhal
A B

B Laparoscopic appendectomy  Conventional appendectomy ™ Conversion rate

Fig. 1. A — Distribution of patients according to intraoperative findings; B — Distribution according to surgical approach.

During the study period, 27 patients (37% of all cases) were operated for gangrenous
perforated appendicitis. Ten of them (37%) underwent laparoscopic surgery, 9 (33.4%) open
surgery, and eight patients (29.6%) required conversion, Fig. 1. The mean preoperative levels
of total and direct bilirubin in this subgroup were 19.78 * 11.7 umol/L and 4.43 + 2.6 pumol/L,
respectively. Mean CRP was 1755 * 121.5 mg/L, and fibrinogen 567.74 * 153.19 mg/L,
demonstrating substantial variability. The mean CAR and FAR values were 4.475 + 3.27 and

DOI:10.5281/zen0d0.17649569 9


https://bgss.eu/

CM. XUPYPIuA1 - ). SURGERY 4'2025

Vol.89 Issue4 Online ISSN: 3033-151X, Print ISSN: 0450-2167 https:/bgss.eu/

14.26 + 4.7, respectively. The average WBC count was 15.42 x 10%/L + 4.56, while the NLR was
12.15+ 7.8.

Among the remaining 46 patients (63%), 24 (52.2%) had gangrenous, 19 (41.3%) phlegmonous,
and 3 (6.5%) catarrhal appendicitis. In this subgroup, 32 patients (69.56%) were operated
laparoscopically, 13 (28.26%) via open surgery, and conversion was required in 1 patient
(2.17%). The mean values of the corresponding biomarkers in these groups, compared with the
perforated gangrenous group, are presented in Table 1.

Table 1. Mean values of the corresponding parameters across patient groups

GP G,P,C G P,C
Total bilirubin, | 19,78+11,7 19,07+11,36 19,84+11,54 17,8+9,557
pmol/L
Direct bilirubin, | 4,43+2,6 3,614+2,04 4,013+2,4 3,327+1,647
pmol/L
CRP, mg/L 175,5+121,5 62,92+79,34 70,59+62,59 54,15+86,8
Fibrinogen, mg/L 567,74+153,19 | 418,63+112,35 | 427,29+121,09 | 413,82+120
CAR 4,475+3,27 1,43+1,9 1,6+1,46 1,21+2
FAR 14,26+4,7 9,17+2,7 9,52+3,19 8,92+2,62
WBC (x10°/L) 15,42+4,56 12,99+3,4 14,3+3,25 11,79+3,25
NLR 12,15+7,8 7,99+4,3 9,4+3,6 6,53+3,99

The ROC analysis demonstrated that CRP (AUC = 0.74) and CAR (CRP (mg/L)/albumin (g/L)) (AUC
= 0.75), as well as the neutrophil-to-lymphocyte ratio (NLR) (AUC = 0.74), showed the highest
diagnostic accuracy among the biomarkers evaluated in this cohort. FAR (fibrinogen
(mg/L)/albumin (g/L)) (AUC = 0.70) and WBC count (AUC = 0.69) demonstrated moderate
diagnostic value, Fig. 2.

ROC curves for biomarkers

Biomarker AUC Global AUC
NLR 0.74 0.70—-0.82
8 0o CRP 0.74  0.70-0.80
H FAR 070  0.68-0.78
2o4 WBC 0.69 0.65—-0.75
o —— CAR (AUC 0.75)
NLR (AUC 0.74)
00 - C\?BRC(EXJ&COOT((&];)
0.0 02 04 0.6 08 1.0
False positive rate
A B

Fig. 2. A — ROC curve; B — Results of the ROC analysis compared with global data.

Using the J-index (Youden’s threshold) during the ROC analysis, cutoff values were established
for the examined parameters. These thresholds may be used to predict complicated acute
appendicitis and align with values reported in the international literature. Among the
biomarkers studied, CAR (p = 0.53) and CRP (p = 0.51) demonstrated the strongest correlations
with disease severity, followed by FAR (p = 0.49), all showing a moderate positive association.
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NLR (p = 0.36) exhibited a weaker but statistically significant correlation, whereas WBC (p =

0.26) showed limited prognostic value (Table 2).

Total and direct bilirubin levels did not show a statistically significant association with

prognosis.

Table 2. Threshold values for predicting complicated forms of appendicitis

https:/bgss.eu/

Biomarker Threshold Global Range p Global p Stor;r:;'::on
CAR 2.28 2.0—-2.5 0.53 0.50-0.65 Moderate
NLR 7.21 5.0-8.0 0.36 035-060  \Veak—

Moderate
FAR 0.09 0.08-0.12 0.49 0.45—-0.62 Moderate
CRP (mg/L) 35 30-50 0.51 0.50-0.60 Moderate
WBC (x10%/L) 11.50 10-12 0.26 0.25—-0.40 Weak

Pearson correlation analysis revealed strong intercorrelation among CAR, CRP, and FAR (r >
0.8), consistent with their shared pathophysiological basis. NLR and WBC demonstrated a
moderate association (r = 0.4).

A moderate positive correlation was also observed between inflammatory marker levels and
length of hospital stay (r = 0.4—0.45), suggesting that higher biomarker levels are associated
with more severe disease and prolonged recovery (Fig. 3).

Pearson Correlation Heatmap
1.0

0.82 0.20 0.27 0.44
043 0.30 0.42 0.8

0.09 0.29 0.45

whe 0.20 0.43 0.09 0.22 1.00 013 0.33

duration_minutes 027 0.30 0.29 0.26 0.13 1.00
0.2
los_days 044 042 0.45 0.43 0.33 ﬂ 1.00
5 £ B 2

crp_mg/l
whc

los_da:

duration_minutes

Fig. 3. Pearson correlation analysis.

DISCUSSION

The present study confirms the diagnostic value of CRP, CAR, NLR, and FAR in adult acute
appendicitis, particularly when these biochemical markers and ratios are applied using
predefined population-specific threshold values. Among the 73 patients analyzed, CAR = 2.28
demonstrated the highest predictive accuracy for identifying complicated acute appendicitis
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(AUC 0.75), followed by NLR = 7.21 (AUC 0.74) and FAR = 0.09 (AUC 0.70). The thresholds
established in this study closely align with published data, reinforcing their clinical applicability
[1-3].

Spearman correlation coefficients with disease severity were highest for CRP, CAR, and FAR,
consistent with international findings, whereas NLR and WBC showed only moderate
correlations. This supports their utility in initial triage rather than in comprehensive severity
stratification [4—6, 9].

Subgroup analysis revealed sex-specific differences: female patients demonstrated stronger
correlations between biomarker levels and disease severity, particularly for CRP (0.58) and FAR
(0.64). Similarly, stronger correlations were observed among patients who underwent open or
converted procedures compared with those treated laparoscopically, suggesting that elevated
biomarker levels may reflect—and potentially predict—greater surgical complexity.

Derived ratios, such as CRP/WBC and NLR/CRP, provided limited additional diagnostic value,
demonstrating weak correlations with disease severity and with other biomarkers. A
statistically significant association was identified between elevated CAR, FAR, and NLR values
and both operative duration and length of hospital stay.

The findings of this retrospective study are consistent with international data regarding
threshold ranges, AUC performance, and correlation strengths. This supports the use of these
biomarkers for triage and severity prediction in acute appendicitis.

Study limitations include its single-center design and the relatively modest sample size.
Nevertheless, the depth of the correlation analysis and the stratified subgroup evaluation
provide a solid foundation for future multicenter validation and for integrating these findings
into routine clinical decision-making.

CONCLUSIONS

Overall, the results confirm that inflammatory markers such as CRP, and particularly
composite ratios such as CAR and FAR, possess greater diagnostic and prognostic value
compared with isolated cellular parameters. When exceeding the thresholds identified in this
study—and when interpreted in conjunction with clinical presentation and imaging findings —
these biomarkers can serve as important predictors of complicated appendicitis, supporting
appropriate severity stratification and perioperative risk assessment. The routine use of
biomarker panels in clinical practice is warranted given their high diagnostic utility,
accessibility, and cost-effectiveness.

Statement of Ethics: This retrospective study used fully anonymized clinical data and did not
require ethics committee approval according to institutional policy.
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