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Strangulated hernia: does shorter time to the operating room reduce the occurence
of intestinal necrosis?

Linas Venclauskas

Lithuanian University of Health Sciences, Kaunas, Lithuania

Surgical operations of abdominal wall hernias are one of the most common types of
surgical procedures in general surgery. Being able to assess severity of a strangulated
hernia (SH) in the acute setting would help the physicians and staff to easily triage
and prioritize patients (pts.) in greater need of emergent care. By handling the pts.
correctly and tending to their needs, complications such as intestinal necrosis (IN) and
resection can be avoided, and postsurgical complications could be minimized. The
morbidity following a surgical procedure does not only bring with it a social burden
but also a financial burden for the pts. and the caregiver. Optimizing the care for SH
will benefit all involved. There have been many case studies on hernias but so far,
few authors have tried to tackle how to better manage pts. with strangulated hernia by
retrospectively analyzing for time strangulation and blood parameters that could prove
useful in assessing severity of irreversible ischemic damage of the incarcerated bowel.
Purpose: The aim of this retrospective study was to collect and analyze data from
Kaunas University Hospital (KUH), that could prove useful in correctly assessing
severity of the SH to better prioritize pts. care and thereby decreasing risk of
postoperative morbidity and mortality.

Objectives: 1. To divide duration of strangulated hernia in different periods and analyse
the time which could influence the occurrence of IN. 2. To determine a cut-off value
linking duration of symptoms to when IN is more likely. 3. To identify the criteria and
biomarkers this could predict the risk of IN occurrence for patients with SH.
Methods: Patient data was collected from the Department of Surgery of Hospital of
Lithuanian University of Health Sciences (LUHS) between years 2015 — 2020. The
sample size of this study was 151 pts.: 66 males (43.7%) and 85 females (56.3%)
Results and conclusions: We discovered that duration of symptoms is the most
important variable having the highest influence on the risk of development of intestinal
necrosis. Duration of > 12 hour in combination with age > 70 and increased inflammatory
biomarkers, especially LDH acts as main predictive factor for development of necrosis
and need for bowel resection. Once patient presented at the emergency room there
seemed to be no delay that influenced the risk of necrosis.

Keywords: strangulated hernia, intestinal necrosis, bowel resection, inflammatory
biomarkers, duration of symptoms.

KbichliFaH KapbIK: onepanusi 0ejimMecinge 001y YaKbITBIHBIH KbICKAPYBI ilIeK
HEKPO3bIHBIH Naiiaa 001y BIKTUMAJIBIFBIH TOMeHAeTeni Me?
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JlutBa MenuIMHA FRITBIMIApPEI yHUBepcuTeTi, Kaynac, Jlutea

O3exTiiri. [ KaOBIPFaCHIHBIH JKapbIFbIHA OAIIAHBICTEI XUPYPrHSUIIBIK Ollepanusiap
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MAIMEHTTEPAIH OaChIMIBIFBIH PETTEyre KOHEe aHbIKTayFa kemekrecemi. KX Gap
MalUeHTTep/ll yaKThUIbl JHArHOCTHKAIay JKOHE aJeKBATThl KOMEK KOpCeTy illeK
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Hekposbl (IH) MeH pe3ekiuschbl ChIHABI aCKbIHYJIapAbl OONIbIpMayFa, COHIaK-aK
ornepanusiaH KeHiHri acKpIHynapabl GapbIHIIa a3zaiTyra keMekrecei. Onepanusaan
KeHiHT1 CBIPKATTAaHYNIBUIBIK QJISyMETTIK aybIPTHAJBIKICH KOcCa, MalUeHTTep MEH
OJIap/IbIH KaMKOPIIBICH! YIIIH KapKbUIBIK mpoOineManapas! Tyabipaasl. KK emuaeyni
OHTaWNaHIBIPy OapibIK KaThICYIIbUIApFa Maiansl Ooxap emi. JKapblk Typaib
KOITEereH 3epTTeyliep KYpri3iiii, anaiaa ockl yaksiTka aeitin KXK 6ap mamuentrepmi
Kanail Jkakchl eMmJiey KEpeKTIriH MIenryre THIPHICKAH aBTOpJIAp/BIH CaHbl a3.
CrpaHrysIsiiusl YakbITBIH JKOHE KaH MapaMeTpiepiH peTpOCIeKTUBTI Tanay apKbLIbl
KBICBUTFaH 1MICKTiH KaHTHIMCBI3 HINEMHSIIBIK 3aKbIMIAHYBIHBIH aybIPJIBIFBIH Oaranay
Ke3iHjIe Malambl 00Tyl MYMKIH.

Makcartbl. byn perpocniekTuBTi 3eprreyain MakcaTbl KK aybIpiiblFbIH ayphic Oaranay
JKQHE TMaIMeHTTEeP/iH OachIMJIBIKTapBIH JKAaKChl aHBIKTAy VINIH Maijanbl OOJaThiH
Kaynac yHHMBepCHTETIHIH aypyXaHAachlHaH aJIbIHFaH JEPEKTEep/l )KUHAY MEH Tayjay,
OChIIalIlIa ONepalusiaH KeiliHri aypyabl JKoHE eJIIM-KITIM KaymiH a3aiTy OoJibln
TaObIITabI.

Minperrepi. 1. K)XK y3akTeiFbiH Typii ke3enuepre Oemy »xone IH maiina GomysiHa
acep eTyi MYMKiH yakpITThl Taynjpay. 2. IH bIKTHManabiFbl skorapbl OonraH Kesne
CHMITOM/IAP/IbIH Y3aKThIFBIH OallTaHbICTHIPATBIH MIEKTI MOH IepiH aHbIKTay. 3. KXK 6ap
nanuentrepse [H maiina Gomy xaymin Gomkayra MyMKIiHZIIK OepeTiH ennemMumapTrap
MeH OHMoMapKepiiep/ii aHBIKTay.

Oaici.: [lanuentrep Typansl aepekrep 2015-2020 sxpuinap apanbirbigaa Jlutsa
JICHCAYJIBIK FBUTBIMBI YHUBEPCUTETIHIH KayHac KITMHUKACBIHIAFbI XUPYPIHs O0TIMIHCH
anbIHabl. 3eprTeyre 151 maiueHT KaThICTRIPhUIABL: epiep 66 (43,7%) xoHe oiienaep
85 (56,3%).

Hotmkesiepi MeH KOPBITBIHABLIAPBI. bi3 cUMOTOMAApAbIH Y3aKTBIFBI  illIEK
HEKpO3BIHBIH JaMy KayIliHe €H KONl ocep eTETIH MaHbI3/bl aiHBIMAaJbl OOJIBII
TaOBUIATBIHBIH aHBIKTAIBIK. 70 jKac yieciMiHIe Y3aKThiFbl 12 caFar jkoHEe KaObIHY
ouomapkepiepi, acipece nakraneruaporeHasnsi (JIJIIY) skorappuiaysl  HEKPO3IbIH
JTAMYBIHBIH HET13ri 00JbKaM/Ibl (aKTOPBI MEH 1MIEK PE3CKIUSIChl KAKETTLTIr OOJbIM
TaObuTabl. [lalMeHT JKeaen KopaeM OeliMIINeciHe KETKI3IJIreHHEH KeiiH HEKpo3
KayIiHe acep eTeTiH emdip Kelepri aHbIKTaaIMa bl

Hezizei co30ep: Kbicbliean Jcapbik, iuleK HeKpo3bl, iuleK HeKpo3bl, KaObIHy MapKepiepi,
CUMNMOMOAP Y3aKMblebl

YiemieHHasi Fpbl:ka: CHUKAeT JIM COKpallleHHe BpeMeHH NpedbIBaHHsI B
OnepanuoOHHOl BepOATHOCTh BOZHUKHOBEHMS] HEKP03a KMIIeYHNKa?
Linas Venclauskas

JlutoBckuil yHMBEpCUTET MEAULIMHCKUX Hayk, Kaynac, JIutBa

BBenenue. Xupypruueckye oneparyy 1o MoBOAYy I'PhDK OPIOIIHOI CTEHKH SIBIISIOTCS
OHUMHU W3 Hambojee paclpOCTPAHEHHBIX BHIOB ONEPATHBHBIX BMEIIATENLCTB B
obmell xupypruu. Bo3MOXKHOCTh OILEHUTH TsDKeCTh ymiemieHHOH rpopku (YI) B
HEOTJIOXKHON CHTyallMUd HNOMOXKET BpadaM U IIEPCOHATy PacCTaBUTb U ONPEACIUTh
HNPUOPUTETHl MAMEHTOB, KOTOPHIE OOJBIIE HY)KAAIOTCS B HEOTIIOKHOW ITOMOIIN.
CBoeBpeMEHHasl AUAarHOCTUKA U aJeKBaTHas MOMOIIb HalMeHToB ¢ YI' momoxer
n30exaTh TaKUX OCJIOKHEHUH, kak Hekpo3 kumneynnka (HK) m pesexnuro, a tarke
CBECTH K MHHHUMYMY IOCJICONEPAIOHHBIE OCIOKHEHHs. 3aboieBaeMoCTh MOocie
XHPYPrUUECKOr0 BMEIIATeIbCTBA BIICUET 32 COOOH He TOJIBKO COLMAIbHYIO HAarpy3Ky,
HO ¥ ()MHAHCOBBIE POOIEMBI ISl MAIMEHTOB U UX OMEKYHOB. ONTHMHU3aNUs JICUCHUS
VT nomwra 66l HA TOJIB3Y BCEM yYaCTHUKAM. BBIIO IMPOBEIEHO MHOTO TEMaTHYECKHX
HCCIIeJOBaHUM O IPbIKAX, HO IO CUX HOP JMIIb HEMHOTHE aBTOPBI MIBITAIUCh PEILUTb,
KaK JIydlle JEYUTh MalUeHTOB ¢ YI' myTeM peTpoCHEeKTUBHOIO aHalIn3a BPEMEHU
CTPaHIyJIAUY ¥ IapaMeTPOB KPOBHU, KOTOpPbIE MOTYT OKa3aThCsl IOJIE3HBIMU IpU
OLICHKE TSDKECTH HEOOPaTUMOTO HINEMHUYECKOTO MOBPEXKICHNS YIIEMICHHOH KUIIKH.
Hens: Ilenpro 3TOro peTpoCHEKTUBHOIO HCCIENOBaHHMS ObUIO coOpaTh U
NPOaHAJIM3NPOBATh JaHHbIe M3 KayHacckoll yHUBEPCHUTETCKOH OOJBHUIIBI, KOTOpHIE
MOTYT OKa3aThbCsl IOJIE3HBIMHU IS NIPABUJIBHOW OLCHKU TspkecTH YI' s mydinero
OlpeJeNcHNusl IMPUOPUTETOB MAIMEHTOB, yXOJa U TEM CaMbIM CHU3UTb PHUCK
MOCJICONEePA[IOHHOI 3a00JIEBAeMOCTH ¥ CMEPTHOCTH.

3apaum: 1. Pazgenuts untensHocTh Y1 Ha pasHble nepuobl U MpOaHaIU3UpOBaTh
BpeMs1, KOTOpOE MOINIO NMOBIHATh Ha BosHuKHOBeHHe HK. 2. Onpenenuts noporosoe
3HAYEHUe, CBA3BIBAIONIEE MPOIODKHTEIBHOCTh CUMIITOMOB ¢ TeM, korga HK Oonee
BeposiTeH. 3. OnpenennuTs KPUTEPHH U OMOMapKephl, MO3BOJISIOIINE IIPOrHO3UPOBATh
puck BosHukHoBeHust HK y manuenTos ¢ VI.

Mertoas!. JlanHble 0 manueHTax ObLIM cOOpaHBI B OTAEIEHHN Xupyprun B Kaynacckoit
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KJIMHUKe JINTOBCKOro yHHUBEpCHTETa HayK O 310poBbe B nepuox ¢ 2015 mo 2020 rox.
B uccnenosanue BrmtoueH 151 nanument: 66 myxuns (43,7%) u 85 xenmmuH (56,3%).
Pesynbratel M BBIBOABL. MBI OOHapyXXWJIH, YTO IPOAOJDKUTEIBHOCTH CHMIITOMOB
SIBJIICTCSl Hanbosee BaKHOW NMEepeMEeHHOM, OKa3bIBalolel HanOoblIee BIUSHUE Ha
PHCK pa3BUTHsI HEKpO3a KUIIeyHHKa. [Ipogo/mKuTensHOCTh > 12 yacoB B COUETAaHUU
¢ Bo3pactoM > 70 JIET M NOBBIICHHEM BOCIAJINUTEIbHBIX OHOMapKepoB, 0COOEHHO
nakraneruaporenassl (JIJAI), BbicTymaeT B KayecTBE OCHOBHOTO MPOTHOCTHYECKOTO
(axTopa pa3BUTHS HEKpPO3a W HEOOXOIMMOCTH PE3eKIMH KHIIeuyHHKa. Kak Toibko
MalMeHT ObLI JOCTaBJICH B OT/EJICHHE HEOTIIOKHOW IOMOIIY, HE ObUIO HUKAKOMH
3aJIepIKKH, KOTOpasi BiInsuIa Obl HA PUCK HEKPO3a.

Knrouesnvle cnosa: ywemnennas epuioca, HeKpo3 KUWEUHUKA, pe3eKyus KUueuHuKa,
buomapKepvl 6ocnanenus, OTUMenbHOCMb CUMNIMOMOS.

List of abbreviations

AWH Abdominal wall hernia

SH Strangulated hernia

Pts Patients

KUH Kaunas University Hospital

IN Intestinal Necrosis

LUHS Lithuania  University of Health
Sciences

BR Bowel resection

H Hours

ASA American Society of Anesthesiology

WBC White blood cells

NLR Neutrophil to Lymphocyte Ratio

CRP C-reactive Protein

Symptoms-ER

Time from the onset of symptoms to
the arrival at the emergency room

ER Emergency Room

ER-OR Time from confirmed diagnosis in
emergency room to operating room

OR Operation Room

Symptoms-OR

Total time from onset of symptoms to
start of the surgery

LDH Lactate dehydrogenase

BE Base excess

IBM International ~ Business ~ Machines
Corporation

SPSS Statistical Package for the Social
Sciences

ROC Receiver Operating  Characteristic
curve

FN Fat necrosis

Y Years

T-ER Time spent in emergency room

AUC Area under the curve

Introduction

AWH repairs are the single most common surgery
performed in the general surgery setting. In USA alone,
around 1 million hernias are repaired annually and in UK
there are over 100 000 repairs annually [1, 2].

Abdominal wall hernias (AWH) are best dealt with

in an elective setting where the need for bowel resection
(BR) is lower than in an emergency setting. According to
Andrews et.al. the need for BR for SH is 27% and the
mortality rate is 21% if the diagnosis is delayed longer
than 48 hours (h); whereas rates were 7% and 1.4%
respectively when diagnosis is obtained within the first 24

h [3]. This is of great importance for the quality of life
of the patient and could also aid healthcare workers to
prioritize their work accordingly.

Conditions leading to herniations of abdominal
contents through the abdominal wall are vast and typically
divided into two categories: congenital and acquired.
Congenital abnormalities can arise during the 6" week
of gestation during which the abdominal content is
temporarily protruded through the umbilical cord due to
the increasing size of abdominal content and the inability
of the abdominal cavity to host the growing viscera.
A defect arising due to this process invariably leads to
omphalocele or gastroschisis. Umbilical hernia is present
in 10% of all new-borns but usually spontaneously close at
the age of five. Another congenital defect that may relate to
herniations is congenital rectus abdominis diastasis where
rectus muscles insert to the ribs laterally to the midline [4].

Acquired conditions increasing the risk of herniations
include rectus abdominis diastasis due to pregnancy,
obesity and increasing age; rectus sheath hematoma due to
blunt force trauma, coughing, sneezing, vigorous physical
activity, or spontaneous hematomas due to anticoagulation
therapy; incisional hernia due to failed healing of surgical
incisions; advanced liver disease leading to umbilical
hernia. Inguinal hernias are of multifactorial actiology with
physical exertions and increased intrabdominal pressure
seems to play a key factor but also some connective
tissue disorder, such as osteogenesis imperfecta, alphal-
antitrypsin deficiency and Marfan syndrome, seems to
play a major role in development of inguinal hernia [4].

In trials from UK by Dwyer et. al and North America by
Fittzgibbons et. al, the benefit of watchful waiting versus
minimal invasive surgical repair of asymptomatic inguinal
hernias were compared [5, 6]. As a result, watchful waiting
was suggested by Simons et. al and the European hernia
society as the first choice of treatment for non-incarcerated
inguinal hernia [7]. However, Hwang et al. believe that the
follow up provided by these trials might not represent the
“real world practice” due to limitations of follow up in the
“real life” setting [6]. This becomes very important when
mortality rate following elective repair is less than 1%,
while in emergency repair it is over 5% [8].

Xie et al. claim that once herniations become
incarcerated they are no longer handled with elective
approach. Emergency surgical repair is the only treatment
to prevent strangulation, from which it can quickly
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become ischemic, increasing the risk of needing a BR.
Visceral herniation is best handled in the non-acute setting
as an elective surgery since it carries a lower risk of
morbidity and mortality [9]. Andrews et. al suggested that
for incarcerated hernias the need of BR is 27% and the
mortality rate is 21% if diagnosis is delayed longer than
48 h; whereas rates were 7% and 1.4% respectively when
diagnosis was obtained within the first 24 h [3].

Inflammatory markers have shown to be a good
predictor of severity of disease. Galizia et.al., Li et. al.,
Kacan et. al., Nakayama et. al. noted that especially
neutrophil-to-lymphocyte ratio (NLR) can be a good
predictor of the difficulty of an inflammatory disease [10-
12]. It also seems to reflect the body’s response to cancer
cells and might be capable to predict the prognosis of pts.
with certain types of cancer such as colon cancer, non-
small cell lung and gastric cancer [10-13]. Forget et. al.
concluded that in an adult non-geriatric population in
good health the NLR values are between 0.78 — 3.53 [14].
Zhou et al. reported that NLR > 6.5 is a good indicator
of strangulation in pts. with inguinal hernia [15]. In a
study Xie et.al. concluded that pts. with groin hernia with
presentation of bowel obstruction and a pre-operative
NLR above 11.5 had higher risk of BR [9]. Other
researchers such as Kahramanca et.al. observed that pre-
operative WBC count and fibrinogen levels were highest
in pts. with incarcerated hernia that underwent emergency
surgery and lowest in pts. that underwent elective hernia
repair. Increased level of fibrinogen was also related to
increased risk of BR, increased hospital stays, need for
intensive care and increased cost. High level of fibrinogen
was also found in deceased pts. On the contrary pts.
undergoing elective surgery had higher levels of Mean
Platelet Volume and Platelet Distritution Width [16].
In a study conducted by Kohag et al. they divided pts.
into two groups, depending on whether they underwent
open or laparoscopic surgery. Pts. who were assessed as
having a severe disease underwent open surgery and the
rest underwent laparoscopic surgery. Factors determining
severe disease were severe condition and severe intestinal
dilation. In both groups preoperative clinical variables
were assessed and there was a clear correlation between
severity of disease and increased C-reactive Protein (CRP)
and WBC counts [17].

Duration of symptoms seems to be correlated to
disease severity however there are not enough data and
researchers seems to be divided in setting a cut off value
for when to expect necrosis of hernia content. Kurt et.
al. suggested that > 6 h of symptoms could be a good
predictor of necrosis in contrast Xie et. al. concluded that
> 26 h was an independent risk factor for necrosis [9,18].
Yet another study done by Ge et. al. concluded that longer
duration of symptoms may indicate need for BR due to
necrosis, but their finding was not statistically significant
with 33.9 £52.0h (p=0.062) being the mean duration for
resection of necrotic hernia content [19].

In their study Abi Haidar et. al. compared the
outcome of acute versus elective groin hernia repairs
where recurrent hernias represented 30.9% of the acute

repairs. Acute surgeries were also related to increased
risk of intraoperative organ resection [20]. Kocklinger
et. al. wrote that the demand for material replacing and
enhancing the inherent tissue when impaired is increasing
in all fields of surgery. Types of materials are used when
surgically correcting a hernia: biological and synthetic
meshes [21]. Jenkins et. al. stated that there is clear
evidence that hernia repair with mesh is more effective
than sutured techniques in preventing recurrence- [22].
Biological meshes provided an alternative to the older
synthetic mesh and is historically preferred in settings
when postsurgical infections are to be expected. In theory,
since the biological mesh incorporated into the native
tissue, it acquires the capability to resist infections. Even
though there is no clinical data confirming that biological
mesh is superior to the synthetic mesh many surgeons have
adopted the use of biological mesh because the outcome
is perceived to be better. The “BioMesh Study Group”
comprising of surgeons with special interest in surgical
meshes analyzed 114 reviews on the available evidence
on use of biological and synthetic meshes. In conclusion:

Under contaminated conditions the biological mesh
showed no superiority over synthetic mesh.

In situations of bridging, biological and biosynthetic
mesh should not be used.

There is no advantage of biological or biosynthetic
mesh in inguinal hernia repair.

No evidence supporting prevention of incisional or
parastomal hernia with biological or biosynthetic mesh.

Biological and biosynthetic mesh not superior
alternative to synthetic mesh in complex AWH repairs
[21].

In literature, the outcome of a hernia repair depends
on parameters such as age, sex, and American Society
of Anesthesiology (ASA) score. Some researchers have
suggested that assessing white blood cell (WBC) count
and fibrinogen could be an approach of predicting the
condition of incarcerated content. In this study we have
collected and analyzed retrospective data from all 151
patients who underwent surgery for SH in the Department
of Surgery of Hospital of LUHS between years 2015 —-2020
to find any parameters that could aid physicians in better
predicting whether a hernia is in greater risk of intestinal
necrosis. By finding specific parameters that correlate
with the severity of disease this could help surgeons to
better assess whether a patient with a strangulated hernia
is in acute need of surgery and to predict the outcome.

Purpose

The purpose of this retrospective study was to collect
and analyze data from Kaunas University Hospital (KUH),
that could prove useful in correctly assessing severity of
the SH to better prioritize pts. care and thereby decreasing
risk of postoperative morbidity and mortality.

Objectives

To divide duration of strangulated hernia in different
periods and analyse the time which could influence the
occurrence of IN.

64 (1) 2022 West Kazakhstan Medical Journal
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To determine a cut-off value for duration of symptoms
when IN is more likely.

To identify the criterions and biomarkers this could
predict the risk of IN occurrence for pts. with SH.

Methods

This was a retrospective study of pts. who underwent
surgery for strangulated hernia in the Department of
Surgery of Hospital of LUHS between years 2015-2020.

Pts. charts were reviewed, sample characteristics
such as age, gender and hernia types were noted. Time
from the onset of symptoms (moment of strangulation)
to the arrival at the emergency room (Symptoms-ER),
from the confirmed diagnosis in emergency room to
operating room (ER-OR) as well as total time from onset
of symptoms to start of the surgery (Symptoms-OR) were
calculated. Intraoperative findings were reviewed for each
pts. The samples were divided into two groups based on
occurrence of IN.

Following biomarkers WBC, CRP, neutrophils (%),
lymphocytes, NLR, Lactate dehydrogenase (LDH),
blood pH and base excess (BE) were analyzed to identify
markers that could predict intestinal necrosis.

The statistical analysis was carried out using IBM SPSS
Statistics® 20.0. Student‘s t-test were used to compare
parametric, y2 and Mann-Whitney U test — nonparametric
variables. Receiver operating characteristic curve (ROC)
curves were used to determine the cut-off point for time
of symptoms. The logistic regression analysis was used to
determine independed risk factors of intestinal necrosis.
Quantitative data was expressed as mean and standard
deviation. P<0.05 was considered statistically significant.

Results

Actotal of 151 pts. (66 males and 85 females) underwent
surgery for SH. The mean age was 65.6 £17.9 y. The
females in this study were significantly older compared to
males (69.2 £16.3 y vs. 60.9 £18.9 y; p=0.035). Inguinal
and postoperative hernias were the most common type of

SH (Tab. 1).

Table 1. Type of hernia
Inguinal (n/%) 54 35.8
Femoral (n/%) 30 19.9
Umbilical (n/%) 28 18.6
Postoperative (n/%) 36 23.8
Parastomal (n/%) 3 1.9

SH with necrosis was identified for 41 (27.2%) pts. of
151 during surgery. IN was found for 35 (85.4%) pts. and
fat necrosis (FN) (necrosis of strangulated omentum or
preperitoneal fat) - for 6 (14.6%) pts. Generally, pts. with
necrosis, whether fat or intestinal, were older compared
to pts. for whom necrosis did not occur: (73.7£18.5 vs.
64.7£17.7 years (y) (FN) and 74.6=15.8 vs. 62.8+17.6y
(IN)). But significant difference in age was only found for
pts. with IN (p=0.001).

Symptoms-ER and Symptoms-OR were significantly

longer for pts. with intestinal necrosis, while there was
no difference between groups when comparing ER-OR.
Interestingly enough, we also found that time spent in the
ER (T-ER) itself was significantly longer in the necrosis
group (Tab. 2).

Table 2. Comparison of duration (time in hours) of
strangulated hernia in different periods between patients
without and with intestinal necrosis

Without Intestinal
necrosis necrosis p
N=140 N=35
Symptoms-ER 13.9+18.5 48.6 +39.7 <0.001
ER-OR 2.8+3.8 3.7+3.6 0.854
Symptoms-OR 16.8 +20.8 52+40.4 <0.001
T-ER 1.7+£21 2.5+3.2 0.024

Symptoms-ER, ER-OR, Symptoms-OR were longer
for pts. with FN but without significant differences. T-ER
itself was significantly longer in the FN group (Tab. 3).

As can be seen Symptoms-ER and T-ER are the two
most important variables having the highest influence on
the risk of development of IN.

Table 3. Comparison of duration (time in hours) of
strangulated hernia in different periods between patients
without and with fat necrosis

Without .
; Fat necrosis
necrosis N=6 p
N=140
Symptoms-ER 21.1+29.2 31.1+26.9 0.926
ER-OR 2.9t 3.6 445 0.396
Symptoms-OR 24 +30.6 34512838 0.795
T-ER 1.8+2.2 2.5+3.9 0.027
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=
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ROC curve characteristics (Symptoms-ER)

AUC p 95% ClI Cut-off point

0.829 <0.001 0.759-0.886 >12

ROC curve characteristics(T-ER)

AUC p 95% Cl Cut-off point

0.578 0.186 0.494-0.659 >1.15

Fig. 1. ROC curve analysis of time of Symptoms-ER and Time
spent in ER

Using the Youden index we determined that the best
cut-off point of Symptoms-ER to be >12 h. We did not
find that T-ER was important for IN. The critical value
(cut-off point) was > 1.15 h, but there was not significant
important value.

Our study also revealed that pts. with IN had
significantly higher biomarkers except for lymphocytes
(Tab. 4).

ROC curve analysis showed that LDH was the most
predictive biomarker (AUC > 0.8) for IN (Tab. 5).

Table 4. Comparison of biomarkers between different
patient groups

symptoms > 12 h, increased WBC, neutrophils, NLR CRP,
LDH, pH and BE according to their ROC curve analysis
and cut-off values (Tab. 6)

The results suggest IN for pts. with SH if duration of
symptoms are > 12 h, age > 70 years or increased WBC,
neutrophils, NLR CRP, LDH, pH and BE according
standardized reference intervals.

There were 12 cases (7.9%) of deaths in our study.
Two pts. (1.4%) died in the group without IN necrosis and
10 patients (28.6%) in the group with IN. The reasons of
death in first group were associated with pts. conditions
such as old age and severe comorbidities. The reasons
of death in the second group were severe comorbidities
and postoperative complications such as intraabdominal
abscesses and anastomosis leakage with secondary
peritonitis.

Discussion and recommendation

There is undoubtedly a correlation between duration
of symptoms and increased risk of BR in patients with
SH. Kurt et. al. suggested a 6 h cut off point from when
symptoms first appeared, and the pts. presented to hospital
to be significant for BR [18]. Another research done by Xie
et. al. found 26h of incarceration to be of great predictive

Without Intestinal value for BR [9]. In our study we found that > 12 h
Biomarkers necrosis necrosis p anamnesis of symptoms before presenting to the ER could
N=140 N=35 serve as a prognostic tool for predicting IN and need for
WBC 11.69+4.3 14.32£5.5 0.001 organ resection. Even though most research correlates the
Neutrophils increased duration of symptoms and a negative outcome,
(%) 7563t13.22 8389588 0.001 further research is needed to reach a consensus on what
Lymphocytes 1.15+0.76 1.19 + 0.49 0.827 duration lead to 1§chemla and necrosis. This would ngt
only help the physician to better expect what treatment is
NLR 6.86 +5.32 8.85+5.98 0.027 needed but also to better and more accurately explain the
CRP 58.3+ 63.4 165.5 £ <0.001 COndlt.IOII of the pts. to him-/herself and concerned family
125.3 and friends.
LDH 23+12 47x24 <0.001 Table 6. The independent risk factors of intestinal
pH 7.40 +0.44 7.30%0.11 0.002 necrosis
BE 3.87+-2.94 -37869’5 0.004 Risk factors OR 95% ClI p
Age > 70y, 4.56 oo <0.001
Table 5. ROC curve characteristics of biomarkers -
- 5.898-
Biomarkers AUC p 95% Cl C;;:tff Symptoms-ER >12 h. 16.6 16.719 <0.001
WBC 0.542- WBC > 17 12.7 4.59%- <0.001
0.632 0.043 ' >17 : 35.12 :
0.716 :
Neutrophils 0.665- . o 2.602-
(%) 0.754 <0.001 0.830 > 81 Neutrophils >81% 6.81 17.845 <0.001
NLR 0.552- -
0671 0015 %32 67g CRP > 133 17.56 ooy <0.001
CRP 0.646-
0.734 <0001 g1  >133 NLR > 6,78 8.01 2.367- <0.001
27.147
LDH 0.681-
0.827 <0.001 >3 -
0.925 LDH >3 15.2 3222 0.006
pH 0779 <0001 9823 <734 L 688,
: pH<7.34 7.87 3.6 72 0.02
BE 0.605- :
0.763 <0.001 >-5
0.882 BE<-5 16.8 3.4-83 0.003

The logistic regression analysis assessed that
independent risk factors of IN were age > 70 y, duration of

As could be predicted the Symptoms-ER and
Symptoms-OR were the two variables having the highest
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influence on the development of necrosis. Once the
patient seeks the ER the further handling depends on
the competence of the physician which according to our
data seems not to have played a major role in developing
necrosis. The data together with the results, Symptoms-ER
48.6 + 39.7, brings with it a question: why aren’t patients
secking medical care in an earlier stage of disease?
As with anything else this might be of a multivariate
reason. Are people in region of Kaunas seeking medical
assistance later than people in other parts of Lithuania or
any other part of the world? Is there a lack of education
that might contribute to lower understanding of one’s
symptoms? Is Hospital of LUHS too remote for patients
to seek medical care or don’t they have a well-established
primary healthcare that can understand and refer patients
to the right clinic. This topic is of great importance from
a public health perspective and should be investigated
further.

Blood samples and biochemical evaluation are of
routine procedure in the clinical setting. Studies have been
done to find a single or a set of biochemical parameters that
could accurately diagnose disease severity. Even though
our data was not representative of the whole sample size
due to lack of journal documents we chose to analyse them
(CRP n=67; WBC n=72; Neutrophils n=59; NLR n=59;
LDH n=14; Blood pH n=12; BE n=12). The reason why
data is missing is mostly dependent on that the old patient
data was collected from paper journals from the hospital
archive. Paper journals are highly operator dependent,
and documents could go missing due to many reasons
including neglect of properly attaching paper documents to
journals, transport of data and whilst handling the journals
in the archive. One that has repeatedly been suggested for
assessing disease severity is NLR. In their study Forget et.
al. concluded that in an adult non-geriatric population in
good health the NLR values are between 0.78-3.53 [14].
Galiza et.al., Li et. al., Kacan et. al., Nakayama et. al. all
observed rise in NLR during different types of cancer
[10,12,13]. In their study Xie et.al. and Zhou et al. both
observed the NLR which showed a significant relationship
between increasing NLR, > 6.5 and > 11.5 respectively,
and the need for BR [9,15]. In our study the mean NLR
value for the group with IN was 8.85 + 5.98 with an arca
under the curve (AUC) of 0.671 and p=0.05. Statistically
significant but not sensitive.

In our study we found LDH to be the most reliable
parameter withan AUC 0f 0.827 and p<0.001. Statistically
significant and sensitive. In the group with IN we had a
mean LDH of 4.7 + 2.4 mmol/l. Other parameters such as
WBC, Neutrophils (%), CRP, pH and BE were assessed.
In our sample size all the parameters were generally
increased compared to standard reference intervals.

Conclusion

Shorter time to OR from ER for pts. with strangulated
hernia does not reduce the occurrence of IN.
Time from onset of symptoms to arrival at the ER is

the most important period to predict the risk of IN and
time of cut-off point is > 12 h.

The main risk factor of IN in patients with SH is
duration of Symptoms-ER. This period together with
pts. age >70 y and increased biomarkers such as WBC,
neutrophils, NLR CRP, LDH, pH and BE (according to
standard reference intervals) could predict IN for pts. with
SH.

With the results obtained in our study we recommend
the following guidelines for management of SH:

If duration of SH is > 12 h and pts. age is > 70 y with
high biomarkers (according to standard cut-off values)
it should awaken suspicion of IN with need for urgent
surgical intervention.

If duration of SH is < 12 h and biomarkers are less
then cut-off values we may prepare pts. for delay urgent
surgery (if necessary), preferably laparoscopic approach,
especially for strangulated femoral and inguinal hernias.
Laparoscopic repair of SH could reduce postoperative
pain, wound complications, and duration of postoperative
hospitalization.

Suggestions for future studies:

Duration of Symptoms-ER acts as the main risk factor
for developing necrosis. In our study mean duration
for patients seeking ER was 48.6 = 39.7. This is very
important in a public health perspective and if patient
sought medical care earlier in disease stage, we could
expect decreasing frequency of necrosis and BR. Future
studies should focus on this topic and how to best educate
society in appreciating and understanding symptoms of
disease.

Previous studies have suggested that NLR is of great
importance for assessing severity of disease and it has also
been used in the clinical setting for pts. with hernias. In
our study we saw that an NLR of > 6.78 could suggest
IN in all types of hernias. Other studies have indicated
an NLR of > 6.5 as indicative of strangulation and > 11.5
as high risk for BR in patients presenting with inguinal
hernias [9,15]. Further studies are necessary to find a
cut off value that could be used in the clinical setting to
better diagnose the patient with hernia strangulation and
necrosis. Since previous studies have only focused on
inguinal hernias and their results are different from ours
one might believe that different hernias express different
levels of biomarkers.

In our study a total of 10 pts. (28.6%) died in
the group with intestinal necrosis due to severe
comorbidities and postsurgical complications such as
intraabdominal abscesses and anastomosis leakage with
secondary peritonitis. Another interesting topic would
be to investigate whether these are the most common
postsurgical complications related to hernia repair leading
to death. And if so, maybe an international guideline on
how to best prevent and treat these complications should
be established.
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