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Summary

Objectives: The effect of subcostal transversus abdominis plane (TAP) block on postoperative pain is contradictive. The aim 
of this study was to evaluate the effect of subcostal TAP block on subacute pain in patients who have undergone inguinal 
herniography.
Methods: Patients aged between 18 and 75 years with American Society of Anesthesiologists 1–3 and who were to undergo 
elective unilateral inguinal herniography with mesh under general anesthesia were included. Fifty patients were under an in-
travenous analgesic regimen (group I) and 50 patients underwent subcostal TAP block postoperatively in addition to the intra-
venous analgesic regimen (group II). The primary outcome measure was pain scores 1 month postoperatively by comparing 
Numerical Rating Scale values with the Mann–Whitney U test between groups I and II. Secondary outcome measures were life 
qualification scores 1 month postoperatively and pain scores 24 h and 15 days postoperatively.
Results: Postoperative 15th-min; 1st-, 6th-, 12th-, and 24th-h; 15th-day (p=0.00); and 1st-month Numerical Rating Scale values were 
significantly lower in group II than in group I (p=0.02). No significant difference was observed between the groups in terms of 
LQS 15 days postoperatively (p=0.013). On group comparison, LQS was higher in the 1st month than at the 15th day postoper-
atively in group I (p=0.201).
Conclusion: Subcostal TAP block provides an effective postoperative pain treatment in the acute period and in the 1st postop-
erative month in patients undergoing inguinal herniography.
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Özet

Amaç: Subkostal transvers abdominis plan bloğunun (TAP) postoperatif ağrı üzerindeki etkisi halen araştırma konusudur. Bu 
çalışmanın amacı, inguinal herniorafi hastalarında postoperatif subakut ağrı üzerine subkostal TAP bloğunun etkisini değer-
lendirmektir.
Gereç ve Yöntem: Genel Anestezi altında mesh ile elektif tek taraflı inguinal herniyorafi geçirecek olan 18-75 yaş arasındaki 
ASA skoru 1-3 olan hastalar çalışmaya alınmıştır. Elli hastaya postoperatif ağrı tedavisi için iv analjezik verildi (grup I), elli has-
taya operasyondan sonra iv analjeziye ek olarak subkostal TAP blok uygulandı (grup II). Operasyondan 1 ay sonra gruplar arası 
numerik ağrı skalası Mann-Whitney U testi ile karşılaştırdı. Hastaların operasyondan sonra 15. Dakika. 1, 6, 12, 24. saat, 15. gün 
NRS skorları ile 15 gün ve 1 ay sonraki yaşam kalitesi skorları (LQS) değerlendirildi.
Bulgular: Postoperatif 15. dakika, 1, 6, 12, 24. saat, 15. gün (p=0.00) ve 1. aydaki NRS değerleri grup II’de grup I’e göre anlamlı 
derecede düşük bulundu (p=0.02). Ameliyattan 15 gün sonra LQS açısından gruplar arasında anlamlı fark yoktu (p=0.013). 
Gruplar arası karşılaştırmada LQS birinci ayda Grup I’deki postoperatif 15. güne kıyasla daha yüksekti (p=0.201).
Sonuç: Subkostal TAP bloğu akut dönemde ve inguinal herniorafi yapılan hastalarda ameliyat sonrası ilk ayda etkili bir posto-
peratif ağrı tedavisi sağlamaktadır.

Anahtar sözcükler: Inguinal herniorafi; postoperatif subakut ağrı; subkostal transvers abdominis plan bloğu.



Introduction
Inguinal hernia repair is one of the most common 
surgeries performed by the general surgeons. Fol-
lowing herniography, neuropathic pain related to 
neuronal injury or nociceptive pain due to tissue 
damage may be observed. Occurrence of postoper-
ative pain can influence the quality of life of patients 
and result in the manifestation of chronic pain.[1]

Use of mesh for inguinal hernia repair is established 
as a golden standard. However, postoperative chronic 
inflammation surrounding the “mesh” can cause 
chronic nociceptive pain.[1] Chronic pain incidence is 
up to 11% after inguinal hernia repair with mesh.[2] It 
complicates the patients’ return to normal daily physi-
cal activities and negatively affects their quality of life. 

Transversus abdominis plane (TAP) block is a re-
gional anesthesia technique that blocks afferent 
nerve induction arising from the anterolateral ab-
dominal wall.[3] The three muscles in the anterolat-
eral region associated with TAP block are external 
oblique, internal oblique, and transversus abdomi-
nis muscles.[4] This region (skin, muscles, and parietal 
peritoneum) is innerved by the anterior branches of 
T7–L1 spinal nerves.[3] Intercostal (T9–T11), subcostal 
(T12), ilioinguinal, (L1) and iliohypogastric (T12-L1) 
nerves travel through the space described as TAP. It is 
a space between the internal oblique and transver-
sus abdominis muscles.[4] The aim of TAP block is to 
infiltrate this space with intermediate and long-act-
ing local anesthetics and block T6–L1 spinal afferent 
nerves of the anterior abdominal wall. This block is 
not only effective on pain resulting from the skin 
and the abdominal wall but is also effective on pain 
related to parietal peritoneum. The block can be 
performed using subcostal, midaxillary, or posterior 
approaches. Studies show that local anesthetic dis-
tribution differs with different approaches used.[5]

With the subcostal approach, the local anesthetics 
spread to the fascia between the two muscle layers 
where the transversus abdominis muscle separate 
from the rectus abdominis muscle (Fig. 1). 

TAP block can be performed using anatomical land-
marks or with the guidance of ultrasonography. Ultra-
sonography enables the performer to observe local 
anesthesia distribution to the targeted area.

In our study, we aimed to evaluate effects of subcostal 
TAP block on acute and subacute pain development 
and quality of life in the 1st postoperative month in pa-
tients who underwent inguinal herniography.

Material and Methods 
The study was in accordance with the Declaration 
of Helsinki and Guidelines for Good Clinical Practice 
and registered at ClinicalTrials.gov with the number 
NCT02914028. Following approval from the ethics 
committee of the Istanbul University, Cerrahpasa Fac-
ulty of Medicine (Chairperson Professor Ozgur Kasap-
copur) on December 1th, 2015 (protocol ID: 235901) 
(Address: Istanbul University, Medical School of Cer-
rahpasa, 34098 Cerrahpasa-Fatih/İstanbul), and ob-
taining written informed consent from the patients, 
this prospective randomized clinical study included 
100 ASA I–III patients aged between 18 and 75 years 
and who were to undergo elective unilateral inguinal 
herniography with “mesh” under general anesthesia. 
Fifty patients were under an intravenous (iv) anal-
gesic regimen (group I) and 50 patients underwent 
subcostal TAP block postoperatively in addition to the 
iv analgesic regimen (group II). Patients who had rel-
evant drug allergy and infection at the injection site 
were excluded from the study. 

Patients’ demographics (height, body weight, age, 
gender, and ASA status) were recorded. Patients were 
randomized into the two groups using a closed enve-

Figure 1. Before block. (a) Musculus rectus abdominis. (b) Fas-
cia between the rectus and transversus muscles. (c) Musculus 
transversus abdominis.
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lope technique. A 20-gauge cannula was inserted on 
the dorsum of the left hand of the patients who were 
taken into the preoperative anesthesia room and 0.03 
mg/kg iv midazolam (Zolamid 15 mg/3 ml amp, De-
farma, Turkey) was administered, and 8 ml/kg Isolyte 
S (1000 ml PVC/Ezacibasi/Baxter, Turkey) infusion was 
initiated. Patients were taken to the operation room, 
and standard monitorization was done (ECG, non-
invasive arterial blood pressure, and peripheral oxy-
gen saturation). Anesthesia was induced with 2 mg/
kg propofol (propofol 1%, Fresenius, Fresenius Kabi, 
Germany), 0.6 mg/kg rocuronium (Curon 50 mg/5 
ml, Mustafa Nevzat, Turkey), 1 µg/kg fentanyl (Tali-
nat 0.5 mg/10 ml, VEM, Turkey), and anesthesia was 
maintained with 2% sevoflurane (Sevorane, Abbott, 
Turkey) in 40%/60% O2/air mixture. All patients were 
ventilated at pressure-controlled ventilation mode 
with the parameters of Psupport maintaining 6–8 ml/
kg tidal volume, FiO2: 40%, I:E 1/2, PEEP: 7 cmH2O, fre-
quency: 12/min supporting ETCO2 value between 32 
and36 mmHg. When the intraoperative systolic arte-
rial pressure or heart rate increased 20% compared 
with the initial values, an additional fentanyl dose of 
50 mcg IV was administered. 

During close-up of the surgery, patients in both 
groups were given 100 mg tramadol (Ultramex 100 
mg, Adeka Medical, Turkey) and 1 g paracetamol IV 
(Parol 10 mg/ml, Atabay Medical, Turkey). 

At the end of the surgery, anterior and lateral regions 
of the abdominal wall of patients in group II had been 
cleaned with 10% povidone iodine solution. The ul-
trasound probe (EsaoteMylab 30; Esaote, Florance, 
Italy) was covered with a sterile plastic camera cover 
and was placed to the lateral sheath of the rectus 
abdominis muscle on the subcostal area. The medial 
border of the transversus abdominis muscle and its 
fascia was visualized. A 21-gauge, 100-mm Quincke 
needle (Stimuplex A 100 mm; Braun, Mesulgen AG, 
Mesulgen, Germany) was anteriorly introduced in 
the plane of the ultrasound probe passing through 
the skin and subcutan tissues and entered into the 
fascia of musculus transversus abdominis. Following 
negative aspiration, 2–3 ml of 0.9% NaCl was injected 
to proof the correct position (Fig. 2). After verifiying 
the spread of the injectate in the TAP fascia, bupiva-
caine (Marcaine 0.5%, 20 ml flk, Astra Zeneca, Eng-
land) 10 ml, 1% lidocaine (Aritmal 2%, Osel, Turkey) 

10 ml, and 0.9% NaCl 10 ml were injected to the TAP 
fascia in a total of 30 ml solution. Patients in group 
I did not receive any additional pain treatment be-
sides iv tramadol and paracetamol.

Patients in both groups were given 1 mg/kg atropine 
(atrophine sulfate, 1 mg/ml amp, Biofarma, Turkey) 
and 2 mg/kg neostigmine (neostigmine methyl sul-
fate, 0.5 mg/ml, Adeka, Turkey) and were extubated 
after adequate spontaneous ventilation was ob-
served. They were taken to the recovery room. 

On the postoperative 15th min, pain scores, compli-
cations (bradycardia, tachycardia, and hypotension) 
and nausea- vomiting was questioned. The Numerical 
Rating Scale (NRS) for pain score[6] and nausea-vomit-
ing scale (NVS) were used.[7] Patients with NRS scores 
higher than 4 were treated with an additional dose 
of 1 mg/kg iv tramadol. All patients were routinely 
administered 0.1 mg/kg of ondansetron HCl 4 mg iv 
(Zofran, Glaxo Smith Kline, United Kingdom) at the 
end of the surgery. Patients who suffered from nausea 
and vomiting (NVS score>1) were treated with 8 mg 
dexamethasone IV (Dexamet, Osel Drugs, Turkey).

Patients were transferred to the ward when their Al-
drete’s scores were >9.[8] At 1, 6, 12, and 24 h postop-
eratively, patients were evaluated in terms of pain, 
nausea, vomiting, and also mobility. On the 2nd day, 
patients were discharged from the hospital, and all 
patients were called by phone by the same anesthe-
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Figure 2. After block. (a) Musculus rectus abdominis. (b) The in-
terfascial space between the musculus rectus abdominis and 
transversus abdominis after administration of 2 ml of 0.9% NaCl.



siologist who had performed the postoperative pain 
evaluation in the recovery room at 15 and 30 days 
postoperatively. Their NRS values and quality of life 
were determined. Quality of life evaluation was done 
using the SF-36 (short form) Life Quality Form.[9]

Statistical analysis 
The Shapiro–Wilk test was used; Histogram, Q-Q plot, 
and box plot graphics were drawn to test normality. 
Data are presented as median or mean and standard 
deviation, minimum, maximum, frequency, and per-
centage depending on the distribution of variables. 
Variables with normal distribution between the two 
groups were analyzed by a t-test (independent sam-
ple t-test); others that did not follow a normal distri-
bution were analyzed by the Mann–Whitney U test. 
Nominal variables were compared by the Fischer’s ex-
act probability test, Mc Nemar’s test, and Chi-square 
test with Yates correction. Friedman analysis of vari-
ance was used for determining the time dependent 
variables in the study groups. Wilcoxon signed-rank 
test with Bonferroni correction was used for multi-
ple comparisons. P value <0.05 was considered to be 
statistically significant. All statistical analyses were 
performed using SPSS 21 (SPSS, USA). 

Sample Size 
We based our sample size calculation on the method 
used in a previous study,[10] with a type 1 error of 5% 
and power of 80%. With an estimation of a 30% de-
crease in NRS scores in group II compared with that 
in group I and a coefficient of variation of 50%, we 
considered 0.6 as the effect size (median effect size) 
and decided to at least include 45 patients in each 
group. We recruited 50 patients in each group with 
the expectation of a 10% dropout and exclusion.

Results
One hundred seven patients were included to the 
study from October 2015 to September 2016. One 
hundred three patients were randomly assigned; 
however, three patients were later excluded, and a 
total of one hundred patients were included to the 
study in final analyses (Fig. 3).

All TAP blocks were performed from the subcostal 
area with an anterior approach, as described in the 
material method section. No significant differences 
were observed in terms of demographic data be-

tween the groups (Table 1). No significant difference 
was observed in the nausea-vomiting scores be-
tween groups (Table 2). 

Patients in group II were mobilized faster than those 
in group I (Table 2) (p=0.009). Compared with group 
II, the analgesic need was higher on postoperative 
0–6th-, 6–12th-, and 12–24th-h intervals in group I 
(Table 2; p=0.00). In group II, the additional anal-
gesic need was higher between postoperative 6th- 
and 12th-h interval compared with that between 
postoperative 0–6th- and 12–24th-h intervals (Table 
2) (p=0.00). 

Pain Scores: Postoperative 15th-min; 1st-, 6th-, 12th-, 
and 24th-h; 15th-day (p=0.00) and 1st-month NRS val-
ues were significantly lower in group II than in group 
I (p=0.02; Table 3; Fig. 4). No significant difference was 
observed between the groups in terms of the postop-
erative 15th-day LQS (p=0.013). On group comparison, 
LQS was higher in the 1st month than at the postoper-
ative 15th day in group I (p=0.201;Table 4).
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Figure 3. Flow chart of the study. İv, intravenous; TAP, transversus 
abdominis plane.

Assessed for eligibility (n=107)

Randomization (n=103)

Group I (n=52)
İv contramal

Excluded (n=2)
Femoral hernia (n=2)

Analysed (n=50) Analysed (n=50)

Excluded (n=1)
Inabilit to reach patient 
postoperatively (n=1)

Group II (n=51)
Allocated to TAP block

Excluded (n=4)
Age>75 years (n=4)



Discussion

Postoperative chronic pain can be observed in 54% 
of the patients following inguinal herniography with 
mesh.[11] In our study, we aimed to evaluate the effect 
of TAP block on postoperative acute and subacute 
pain development in patients who had undergone 
inguinal herniography. We found that subcostal TAP 
block performed at the end of the surgery can pro-
vide an effective early postoperative analgesia and 
may decrease postoperative subacute pain devel-
opment on the 30th postoperative day. This situation 
may result in the prevention of chronic pain devel-
opment in this population.

Most of the studies on postoperative acute and 
chronic pain after inguinal herniography assess the 
effect of TAP blocks performed in the area between 
the subcostal line and iliac crest or midaxillary area.[2, 

12-14] Peterson et al.[12] have compared midaxillary TAP 
block performed under ultrasonography with ilioin-
guinal infiltration and placebo group and showed 
that TAP block is not as effective as ilioinguinal infil-
tration on postoperative acute pain. Prior studies do 
not explain why TAP block does not provide an ef-
fective postoperative analgesia in patients undergo-
ing inguinal hernia repair. Many studies on patients 
undergoing inguinal herniography showed that 
the surgical incision technique and type of “mesh” 
used can affect persistent postoperative pain devel-
opment.[2] Ineffectiveness of TAP block in the study 
by Peterson et al.[12] might have been caused by the 
volume of study solution (25 ml) and timing of TAP 
block. Peterson et al.[12] applied TAP block before sur-

gical incision; therefore, manipulation of the TAP fas-
cia or any fascial tear during surgery may affect the 
spread of the local anesthetic solution. In our study, 
we injected a total of 30 ml of the local anesthetic 
solution and applied TAP block at the end of surgery 
in group II patients. Also, we believe that performing 
TAP block from the midaxillary area may have pre-
vented distribution of the local anesthetic because 
of obstruction by the mesh and may have inhibited 
effective postoperative pain therapy. Applying high 
volumes of the local anesthetic solution while main-
taining the same local anesthetic concentration will 
provide a better distribution of local anesthetics.

Milone et al.[2] showed that postoperative visual ana-
log scale values were significantly lower in patients 
undergoing inguinal hernia repair in whom TAP 
block was performed between the subcostal line and 
iliac crest than in the control group. Although the re-
sults of the previous study show some similarity, our 
study differs in terms of the region of the block and 
the dose and volume of the local anesthetic used.[2] 
We believe that when TAP block is performed from 
the subcostal line with USG in addition to peripheral 
nerve block, paravertebral distribution of the local 
anesthetics in the supine position because of its vol-
ume effect in accordance with gravity will also pro-
vide more effective analgesia.[15] The drug volume 
has a direct effect on analgesia on plane blocks by 
increasing the distribution of the drug.[16]

Although it has been proved that TAP block is more 
effective than other methods in relieving pain fol-
lowing inguinal herniography, it still needs to be 
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Figure 4. Postoperative numerical rating scores in both groups. Postoperative numerical rating scores of patients in 15th minute, 1., 6., 
12., 24. Hours and 15 and 30 days after operation in both groups. NRS: Numerical rating score; TAP: transversus abdominis plane.
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evaluated in terms of indications, technique, drug 
concentration and volumes, the region of perfor-
mance, and mechanism of action.[16-18]

It was shown that the local anesthetic-contrast me-
dia mixture administered to the TAP fascia through 
the subcostal area was inadequately distributed and 
did not reach to the paravertebral area.[5] There is 
a direct effect of the distribution of the local anes-
thetics inside the TAP fasciae on the analgesic effi-
cacy of the technique. Our results are not concurrent 
with those of the study by Carney et al.[5] We have 
acquired efficient postoperative analgesia with sub-
costal TAP block. We believe that this difference may 
be due to differences in chemical and physical prop-
erties of the local anesthetic-contrast media mixture 
and local anesthetic-normal saline mixture which 
may have resulted in the uneven distribution of the 
mentioned local anesthetic-contrast media mixture. 
In addition, distribution may differ in patients who 
underwent surgery under general anesthesia and 
those who did not receive general anesthesia and 
stood up right after the procedure. We believe that 
all these factors may have an impact on the results. 

Subcostal TAP blocks can achieve effective postop-
erative analgesia for 24 h when performed with the 
appropriate technique and correct indications.[17-22] 
We have also shown that an effective postoperative 
analgesia can prevent subacute pain in the 1st post-
operative month and has beneficial results on the 
quality of life. The analgesic efficacy in the 1st post-
operative month may be due to an efficient acute 
postoperative pain treatment by TAP block that has 
decreased inflammation in the surgical incision area 
and may also help in preventing chronic postoper-
ative pain, which must be further investigated with 
clinical studies.

In group II, the additional analgesic need was higher 
between the postoperative 6th- and 12th-h intervals 
than at the 0–6th- and 12–24th-h intervals. This might 
be related to earlier mobilization of the patients in 
group II.

Subcostal TAP block practice for postoperative anal-
gesia in inguinal hernia repair surgeries is a topic 
that needs to be evaluated with randomized, con-
trolled clinical studies on larger patient populations. 

Limitations: A limitation of our study is that we did 
not perform radiologic imaging to show spread of 
local anesthetics inside the TAP fascia. It would be 
better if we could scan the distribution of higher vol-
umes of local anesthetics. 

Conclusion

Subcostal TAP block in higher volumes provides an 
effective postoperative pain treatment in the acute 
period and in the 1st postoperative month in patients 
undergoing inguinal herniography.

Conflict-of-interest issues regarding the authorship or 
article: None declared.
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