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nal tissue that cannot be returned back inside the abdomen. 
The basic treatment in both incarceration and strangulation is 
surgical abdominal wall repair involving returning the intesti-
nal tissue within the hernial sac inside the abdomen. Since 
necrosis occurs in the intestines in strangulation, this region 
requires resection, which gives rise to increased morbidity 
and mortality in strangulated hernias.[1]

Near-infrared spectroscopy (NIRS) has a wide range of sci-
entific applications, from agriculture to medicine. While in 
medical terms, NIRS is more concerned with cerebral oxy-
genation, in recent years, it has begun to be used to assess 
oxygenation of all tissues. Although there have been many 
studies of brain tissue oxygenation, the use of NIRS in as-
sessing oxygenation of the intra-abdominal organs and in-
testines is particularly noteworthy.[2–6] In an experimental 
study by Gay et al.,[7] which evaluated oxygenation of the in-
tra-abdominal organs and intestines in piglets using NIRS, re-
duced blood flow was reported in the intestine and intra-ab-
dominal organs in animals with induced hemorrhagic shock. 
No significant difference was determined between invasive 
methods and NIRS measurements. The authors concluded 
that NIRS probes attached to the anterior abdominal wall 
of the animals assessed the oxygenation of intra-abdominal 
organs and intestines as effectively as invasive methods. Var-
ious studies of large intestinal wall ischemia, or necrotizing 
enterocolitis, have reported that NIRS measurements from 
the anterior abdominal wall are useful in predicting the devel-
opment of necrotizing enterocolitis.[3,8,9] These studies have 
essentially been based on determining a decrease in blood 
flow to the intestines. Bozzetti et al.[10] compared Doppler 
ultrasound and NIRS measurements concerning blood flow 
in the mesenteric artery, the artery supplying the intestines. 
Newborn infants, with immature intestines, are known to be 
predisposed to necrotizing enterocolitis. Studies emphasiz-
ing the importance of monitoring intestinal oxygenation have 
compared intestinal blood flow before and after oral nutri-
tion using NIRS and have maintained that NIRS is useful for 
that purpose. In a previous experimental animal study by the 
current study authors, NIRS was used to evaluate intestinal 
oxygenation. Measurements of intestinal oxygenation were 
taken from the abdominal anterior wall at specific intervals in 

animals following ligation of the mesenteric arteries providing 
blood supply to the intestines. Lower intestinal oxygenation 
was determined compared to pre-mesenteric artery ligation 
values and compared to healthy animals.[11] Although ultra-
sonography can be used to assess oxygenation in the hernia 
sac in incarcerated hernias, it has 74.5% specificity and 92% 
sensitivity. In addition, ultrasonographic findings may vary de-
pending on the experience of the operator.[12–14] Therefore, 
there is a need for additional methods capable of supporting 
other techniques in the determination of oxygenation of in-
testinal tissue in incarcerated hernias and of corroborating 
hypoxia findings. 

In the light of the above research, the basic aim of this study 
was to investigate the usefulness of NIRS in identifying de-
creased blood flow in intestinal tissue inside the hernial sac in 
incarcerated hernias.

NIRS
Recent years have witnessed significant use of photonic tech-
nologies to assist the medical and biological investigation of 
a range of different organisms (including cells, small animals, 
and humans). Spectroscopy and biological tissue imaging now 
provide a broad sphere of application for light-based tech-
nologies. The concept of light usually refers to the visible 
(400–700 nm, VIS) and near-infrared (700–2000 nm, NIR) ar-
eas of the spectrum. In common with numerous other mate-
rials, biological tissues are opaque to VIS and NIR light due to 
factors, including light absorption and dispersion. These phe-
nomena derive from frequency changes exhibiting dielectric 
characteristics taking place at the microscopic level. Light ab-
sorption is partly caused by the presence of chromophores, 
including hemoglobin, water, fats, and collagen, in biological 
tissues. Light dispersion is affected by the shape and size of 
cells and intracellular structures (including nuclei, and mito-
chondria). Light dispersion in a specific tissue is thus deter-
mined by the effects of absorption and scattering. Light dis-
persion values range between 5 and 30 cm in the VIS and NIR 
spectrum range, but absorption values are very much lower, 
at 0.02–2 cm-1, meaning that biological tissues are regarded 
as light-dispersive. Hemoglobin exhibits a high absorption co-
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Figure 1. Anatomical descriptions of the normal hernial sac, incarcerated hernia and strangulated hernia.
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efficient at short wavelengths (<600 nm), and water a high 
coefficient at longer wavelengths (>1100 nm), meaning that 
light can only penetrate tissue by a few millimeters. Light ab-
sorption in therapeutic and diagnostic ranges (650–850 nm) 
is usually very low (<0.2 cm-1), limiting the tissue-penetrating 
capacity of light. Optic mammography and muscle and brain 
oximetry capable of deep and non-invasive tissue examina-
tion are therefore used in medical procedures.[15] 

The significant attenuation of NIR light occurring in biologi-
cal tissue results from hemoglobin, a chromophore, in small 
vessels (<1 mm in diameter) of the microcirculation, such as 
capillary, arteriolar and venous beds. Since vessels >1 mm in 
diameter absorb light completely, NIRS exhibits low sensi-
tivity to these. The arterial compartments contain 30% of 
the blood in the human brain, and NIRS basically measures 
changes in oxygenation in venous blood.[16]

Oximeters INVOS-5100c (INVOS 5100c
Covidien, Boulder, CO, USA)
The terms diffuse optical spectroscopy (DOS) and diffuse op-
tical imaging (DOI) refer to methodologies using VIS and NIR 
to examine diffusive environments in biological tissues in a 
non-invasive manner. In DOS measurement, light is typically 
transmitted to and collected from the sample using optical 
fibers (optodes), or otherwise, by placing light sources and 
detectors in direct contact with the tissue under examination. 

The simplest DOS measurement configuration is the trans-
mittance state, in which the injection and collection fibers are 
installed on opposite surfaces. The reflectance-mode exploits 
that due to scattering, light is highly diffused in the sample 
volume, and DOS measurements can be made by placing a 
pair of optic fibers on the same surface of the tissue a few 
centimeters apart. For DOI, several injection and collection 
fibers permit topographic or tomographic procedures in a 
regularly spaced arrangement.[17]

Three different DOS/DOI applications can be performed, in-
dependently of the measurement geometry: 

1) Continuous-wave (CW) DOS/DOI uses a quadrature 
state light source (such as a light-emitting diode or continu-
ous intensity laser) capable of modulation to a low frequency 
(several kHz) using the attenuator in phase-locked detection 
techniques and a detection device sensitive to light weakening 
changes (photodiode), 

2) Frequency domain (FD) DOS/DOI is based on amplitude-
modulated light sources (at 100 MHz or higher frequencies 
or up to ~1 GHz) and detection of light modulation and de-
modulation phase changes, 

3) Time domain (TD) DOS/DOI uses a pulsed light source. 
It typically uses a laser providing a light pulse lasting a few 

picoseconds and a sub-nanosystem scale with a temporal res-
olution detection device.[18]

The INVOS-5100c CW procedure used in the current study 
used a single light source and near-field detectors. Spatially-
resolved NIR evaluated the scattering components of light 
attenuation and permitted an absolute evaluation of the total 
hemoglobin ratio expressed as the percentage of Hb02 (oxy-
hemoglobin) oxygen saturation.[4,19]

As a general rule, photons are dispersed by passing through 
a ‘banana-shaped’ area, and the depth of their penetration is 
directly proportional to the distance of the source-detector. 
The INVOS 5100 device (Somanetics/Covidien, Mansfield, 
USA) measures the tissue oxygenation percentage known as 
the total oxygen index (TOI). It also permits the evaluation 
of fractional tissue oxygen extraction (FTOE), the balance be-
tween the oxygen to be used by the tissue and the delivery 
of that oxygen.[20,21] 

This value is expressed as a percentage representing satura-
tion. 

In the current study, intestinal oxygenation inside the hernial 
sac was compared with measurements from the normal ab-
dominal region in the same patient. Comparisons were also 
made of the hernial sac measurements and normal region 
measurements in all patients.

MATERIALS AND METHODS

Study Design
Following approval from the local Ethics Committee, this 
study was performed in the Emergency Department (ED) of 
the Recep Tayyip Erdogan University Training and Research 
Hospital between January 2013 and October 2014. This ED 
is in a tertiary healthcare institution serving a mean 150,000 
patients a year on the basis of existing conditions and criteria 
in Turkey. 

Patients
Age, gender, additional disease and number of hours of pain 
in patients presenting at the ED were recorded at the time 
of presentation. The patient group enrolled in this study con-
sisted of patients with a manually irreducible abdominal wall 
hernia. Inclusion criteria were age >18 years, location of the 
hernial sac in the abdominal wall, that the hernia was manually 
irreducible, and findings of ileus, strangulation or incarcera-
tion on radiographic imaging (direct abdominal radiography 
in the standing position or supported by ultrasonography). 
Patients aged <18 years, morbidly obese patients and patients 
for whom radiological images did not support strangulation 
or incarceration were excluded from this study. Patients with 
hyperbilirubinemia were also excluded from this study since 
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this might affect NIRS measurements. A total of 70 patients 
with abdominal hernia were identified as a result of physical 
examination and radiological tests. Of these patients, 20 were 
morbidly obese, two had hyperbilirubinemia and eight had 
no external abdominal wall hernia, and these were excluded 
from this study, leaving a total of 40 patients for evaluation. 

NIRS Measurements
NIRS is capable of measuring FTOE. While capable of ex-
hibiting individual differences, some studies have regarded de-
creases of 25% from baseline tissue oxygenation as a hypoxia 
marker.[22] One study of volunteers compared INVOS and 
EQUANOX oximetry measurements by inducing hypoxia, 
hyperoxia and reperfusion in the right and left legs and no 
difference was determined between the two measurements. 
Baseline INVOS measurements of 81%±9% were determined 
in the right and left legs, compared to 52%±11% in cases of 
hypoxia.[23] Thus, we decided to use this value. After the her-
niated abdominal areas had been cleaned, the NIRS probe 
was attached. Another probe was attached immediately to 
the lateral aspect of the herniated area, again including the 
intestinal segments. Patients were monitored with INVOS® 
5100C device somatic probes (Fig. 2). After measurements 
had been recorded for approximately 5 min, they were then 
recorded as the minimum and maximum values. Herniated 
intestinal segment and non-herniated normal region mea-

surements were recorded, and the differences between them 
were subjected to statistical analysis. 

Statistical Analysis
Descriptive statistics were expressed as frequency, percent-
age, mean, standard deviation and median, maximum and 
minimum values. The Mann-Whitney U test and Indepen-
dent Samples t-test were used for the analysis of differences 
between measurement values in the comparison of normal 
NIRS, hernial NIRS and delta values in the strangulated and 
incarcerated groups. The Paired t-test was used for the anal-
ysis of differences between dependent variables in the com-
parisons of normal and hernial NIRS values. Receiver Oper-
ating Characteristics (ROC) analysis was performed for the 
calculation of sensitivity, specificity and area under the curve 
(AUC) values of specific variables for the differentiation of 
patients with incarceration/strangulation. A value of p<0.5 
was accepted as statistically significant. Analyses were per-
formed on SPSS 18.00 (SPSS, Chicago, IL, USA) software. 

RESULTS

A total of 40 patients were included in this study comprising 
26 (65.0%) males and 14 (35.0%) females with a mean age of 
65±14 years (range, 29–92 years). The decision to operate 
was made in cases where a hernia was determined, which was 
not reducible manually. Following surgery, strangulation was 
detected in 24 (60%) patients and incarceration in 16 (40%) 
(Table 1). 

A statistically significant difference was determined in NIRS 
measurements between tissue saturation in areas in which 
strangulation or incarceration was detected and normal areas. 
NIRS measurement values (rSO2) in hernial areas in which 
strangulation was detected postoperatively were 65.08±12.5 
(min-max 39–85). rSO2 values in the normal areas with no 
hernial sac in the same patient group were 77.92±10.49 
(min-max 56–95.) The difference was statistically significant 
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Figure 2. Measurements performed by attaching the NIRS probes 
above the inguinal hernial sac and to the healthy abdominal region.

Table 1. Patient characteristics and demographic data and a comparison of tissue oxygenation values between incarcerated and 
strangulated hernial sacs and compared to those in normal areas

 Characteristics Number (%) 

 Age (Mean±SD) 65±14

 Male 26 (65%) 

 Strangulated Incarcerated

 n Mean±SD Median (Min-Max) n Mean±SD Median (Min-Max) p*

NIRS measurements in herniated areas 24 65.08±12.52 65 (39–85) 16 67.63±15.62 73 (35–86) 0.572

Measurements in normal areas 24 77.92±10.49 77(56–95) 16 81.81±9.58 83.5 (61–93) 0.241

P** <0.001 <0.001

*Independent Samples t-test; **Paired t-test. NIRS: Near-infrared spectroscopy; SD: Standard deviation; Min: Minimum; Max: Maximum.
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(p<0.001). Tissue saturation in the hernia area of patients 
with irreducible incarcerated hernial sacs was 67.63±15.62 
(min-max 35–86), compared to 81.81±9.58 (min-max 61–93) 
in normal areas in the same patient group. The difference 
between the incarcerated areas and normal areas was statisti-
cally significant (p<0.001) (Table 1). No statistically significant 
difference was determined between hernial sacs with stran-
gulation and incarceration. In other words, NIRS can detect 
strangulation or incarceration, but could not detect impaired 
intestinal oxygenation and strangulation inside the hernial sac 
(p=0.572). No statistically significant difference was deter-
mined when all groups were compared concerning oxygena-
tion of normal areas (p=0.241) (Table 1).

No significant difference was determined in the ROC analysis 
performed for measurements between the hernial sacs with 
strangulation and incarceration. Incarceration and strangu-
lation in the intestines inside the hernial sac could not be 
differentiated based on the study data (p<0.815). However, 
it provided clear information concerning intestinal ischemia 
when compared with the normal areas of the same patients. 
Oxygenation in the hernial sac decreased when the analysis 
was performed between normal areas and hernial sacs in the 
same patient group (Fig. 3). Either strangulation or incarcera-
tion in the hernial sac can be detected with NIRS. According 

to these findings, tissue saturation ≤66 indicates that stran-
gulation or incarceration is present in the hernial sac (sensi-
tivity=52.50%, specificity=87.50%) (Table 2). 

DISCUSSION
Intestinal tissue oxygenation of irreducible hernias was lower 
than that in normal areas. On the basis of these findings, ir-
reducible hernias indicated impaired blood flow in intestinal 
tissues trapped within the hernial sac. Although previous 
studies have evaluated the oxygenation of the intestines and 
intra-abdominal organs, to our knowledge, this is the first 
study to investigate intestinal oxygenation in incarcerated 
hernias.[24–28]

The principal reason for the comparison of intestinal oxy-
genation inside the irreducible hernial sac with that in intesti-
nal tissue in the normal, contralateral side was to obtain a 
basal value. It was anticipated that oxygenation in the hernial 
sac would be lower than that in normal regions since the 
intestines are trapped and blood flow is impaired, as shown 
in Figure 1. More importantly, even lower oxygenation was 
anticipated in conditions in which the blood flow is com-
pletely stopped, known as strangulation. Decreased intesti-
nal oxygenation was determined in both strangulation and 
incarceration. NIRS was capable of identifying compromised 
intestinal oxygenation, but not to the extent of differentiat-
ing strangulation from incarceration. Several previous studies 
support these findings. Arterioles that supply the intestinal 
wall and venules smaller than 1 cm in diameter are suitable 
for NIRS measurement. The principal reason for our low 
measurements is the impairment of this arterial and venous 
oxygenation in the intestines. A previous study comparing 
jugular venous oxygen saturation, and hepatic venous oxygen 
saturation with NIRS measurements to confirm hypoxia oc-
curring globally in the body (in the brain and other organs) 
described NIRS as a non-invasive and practicable technique. 
In that study, Li et al.[29] compared cerebral and abdominal 
tissue oxygen saturation values in newborns undergoing car-
diopulmonary surgery with oxygenation markers, such as 
systemic oxygen delivery, oxygen extraction rate, mean ar-
terial pressure, pulmonary blood flow, systemic blood flow, 
and superior vena cava saturation. A significant correlation 
was determined between NIRS measurements and these oxy-
genation markers and it was concluded that NIRS is a good 
method for monitoring abdominal oxygenation. Given that 
this study involved newborns is important concerning the 
measurements eliciting accurate results. Due to the distance 
between the INVOS 5100c probes, tissue oxygenation can 
be measured to a depth of approximately 3–4 cm. It can be 
considered that Li et al.’s measurements gave positive results 
since the abdominal skin in newborns is very thin. The advan-
tage of the patients in the current study is that the intestinal 
tissue had passed the abdominal wall and approached the sub-
cutaneous region. The high accuracy rate can be attributed to 
the low depth of intestinal tissues approaching the skin.
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Figure 3. ROC analysis between regions with strangulation and 
incarceration. 
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Table 2. ROC analysis of the tissue oxygenation values 
between incarcerated and strangulated hernial sacs, 
and compared to those in normal areas

 Delta Saturation

Area under the curve  0.522 0.772

Cut-off >19 ≤66

p 0.815 0.0001

Sensitivity 31.25% 52.50%

Specificity 87.5% 87.5%

ROC: Receiver Operating Characteristics.
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One of the studies providing the most support for the idea 
that intestinal oxygenation in incarcerated hernias can be as-
sessed using NIRS was that of Toraman et al. They set out 
to monitor abdominal saturations in patients on whom they 
performed coronary bypass surgery to determine whether 
or not abdominal saturation would decrease. The advantage 
of that study was that skin thickness in the abdominal re-
gion was measured using ultrasonography. NIRS probes were 
attached to points from which appropriate measurements 
could be made. USG measurements elicited a hepatic skin 
distance of 2.1±0.5 cm and a renal skin distance of 4.2±1.5 
cm. Oxygenation was monitored with an INVOS 5100 
device. It was stated that this was a practical method for 
monitoring the oxygenation of intra-abdominal organs, par-
ticularly in thinner patients.[30] Since no complication, such 
as hypoxia developed in any of the patients, no statistically 
significant difference could be determined between pre-, 
peri-, and postoperative values. However, it was reported 
that had hypoxia developed in patients, it could have been 
identified with NIRS. In the current study, no difference was 
determined between incarcerated and strangulated hernia 
measurements. This can be attributed to the entrapment of 
irreducible intestinal tissue and impaired blood flow. Since 
intestinal tissue blood flow in normal areas was not im-
paired, it is not surprising that oxygenation should be better 
than in incarcerated hernias. 

Another study supporting these findings was performed by 
Varela et al.[28] Ischemia can be determined using NIRS in 
conditions in which abdominal pressure increases, known as 
abdominal compartment syndrome. Varela et al. stated that 
NIRS could reveal early changes in mesenteric and systemic 
perfusion. Abdominal circulation was evaluated in that study 
using mesenteric artery catheterization, an invasive tech-
nique, while simultaneously assessing tissue saturation using 
NIRS. No significant difference was determined in abdom-
inal saturation measurements between invasive techniques 
and NIRS, and it was therefore proposed that NIRS can 
be employed for the purpose described. The authors also 
suggested that changes in mesenteric perfusion can affect 
systemic perfusion and that changes in systemic perfusion in 
the early stages can be detected using NIRS, thus support-
ing the hypothesis of the current study. Tissue saturation 
in the Valera et al.’s study was measured from the anterior 
abdominal wall. Since the current study measurements were 
performed directly from the hernial sac, this appears to be 
a good method of assessing intestinal blood circulation, or 
intestinal perfusion. 

Another advantage of the current study is that intestinal 
oxygenation in non-herniated normal areas exhibited no 
statistical difference in any of the patients. Despite individ-
ual variations, these findings show that NIRS assessed the 
oxygenation of intestinal tissue with good blood flow very 
well. Low measurement values in all patients in incarcerated 
or strangulated hernias, and the absence of any difference 

between patients, is also a finding of good oxygenation eval-
uation.

Limitations
The main limitation of this study was the low number of pa-
tients. Further, multi-center studies with larger patient popu-
lations may provide further confirmation of this theory. The 
second limitation of this study was that no NIRS measure-
ments were performed from the hernial region after surgery 
in patients where intestinal resection was not performed. In-
testinal saturation within the sac could have been re-assessed 
with new measurements performed post-surgically. Another 
limitation of the study was that the abdominal wall blood 
supply was not analyzed, although hypoxia developing in the 
hernial area in the abdominal wall might have affected the 
measurements. The assessment of vessels supplying the ab-
dominal wall using Doppler ultrasound might have imparted 
greater value to this study. In particular, evaluation using 
Doppler ultrasound of the arteria iliaca externa and arteria 
thoracica interna that supply the abdominal wall might have 
made a particular contribution to this research. Further stud-
ies assessing variations between abdominal wall thicknesses 
may elicit more definitive information concerning measure-
ment depth.

Conclusion 
In conclusion, in the light of the findings of this study, al-
though not capable of differentiating incarceration from 
strangulation, NIRS appears to be a good method for showing 
impaired intestinal oxygenation. NIRS can be used to support 
ultrasonography findings in irreducible hernias. Therefore, 
this technique could be used in the future to evaluate and 
monitor intestinal oxygenation in the ED D.
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Strangüle ve inkarsere hernilerin değerlendirilmesinde yeni bir teknik:
Near infrared spectroscopy
Dr. Murat Ziyan,1 Dr. Asım Kalkan,2 Dr. Özlem Bilir,1 Dr. Gökhan Ersunan,1

Dr. Deniz Özel,3 Dr. Özlem Uzun,4 Dr. Semih Korkut5

1Recep Tayyip Erdoğan Üniversitesi Tıp Fakültesi, Acil Tıp Anabilim Dalı, Rize
2Okmeydanı Egitim ve Araştırma Hastanesi, Acil Tip Kliniği, İstanbul
3Akdeniz Üniversitesi Tıp Fakültesi, Bioistatistik Anabilim Dalı, Antalya
4Bağcılar Egitim ve Araştırma Hastanesi, Acil Tip Kliniği, İstanbul
5Kartal Dr. Lütfi Kırdar Egitim ve Araştırma Hastanesi, Acil Tip Kliniği, İstanbul

AMAÇ: Bu çalışmamızın amacı, redükte edilemeyen inguinal hernilerde bağırsak oksijenizasyonunu değerlendirmek için yeni bir yöntem olan near 
infrared spektrofotometri (NIR) spektroskopi tekniğini kullanmaktır. Böylece erken dönemde bağırsak oksijenizasyonu hakkında bilgi edinmeyi ve 
NIRS’nin kullanılabilirliğini değerlendirmeyi amaçladık.
GEREÇ VE YÖNTEM: Çalışmamıza inguinal hernileri olup elle redükte edilemeyen ve klinik bulgu ve görüntüleme yöntemleri ile ileus tespit edilen 
40 hasta alındı. Hastaların inguninal herni olan bölgeleri ile tam lateralinde herni olmayan bölgelerine NIRS propları yapıştırılarak bağırsak oksijeni-
zasyonları ölçüldü. Normal ve herni olan bölgeler arasındaki oksijenizasyon farkları değerlendirildi.
BULGULAR: Yaş ortalaması 65±14 olan, 14’ü kadın (%35.0) ve 26’sı erkek (%65.0) toplam 40 hasta bu çalışmaya alındı. Hastaların redükte edile-
meyen herni bölgesinde bağırsak oksijenizasyonları normal bölgelerine göre düşüktü (p<0.001). Bağırsak oksijenizasyonları düşük olan inguinal herni 
keseleri ameliyat edildiğinde inkarserasyon ve/veya strangülasyon tespit edildi. NIRS ölçümlerinin düşük ölçülmesi bağırsaktaki inkarserasyon ve/
veya strangülasyonu tespit edebiliyordu fakat ikisi birbirinden ayırt edilemiyordu. 
TARTIŞMA: Bu çalışmanın bulguları ışığında, strangülasyondan hapsedilmeyi ayırt edememesine rağmen, NIRS bozulmuş bağırsak oksijenasyonu için 
iyi bir yöntem olarak görünmektedir. NIRS, indirgenemez fıtıklarda ultrasonografi bulgularını desteklemek için kullanılabilir. Bu nedenle, gelecekte 
acil serviste  bağırsak oksijenasyonunu değerlendirmek ve izlemek için bu teknik kullanılabilir.
Anahtar sözcükler: İntestinal oksijenizasyon; oksimetri; redükte edilemeyen herni.
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