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Abstract

Background An acute inguinal hernia remains a common emergency surgical condition worldwide. While emergency surgery
has a major role to play in treatment of acute hernias, not all patients are fit for emergency surgery, nor are facilities for such
surgery always available. Taxis is the manual reduction of incarcerated tissues from the hernia sack to its natural compart-
ment, and can help delay the need for surgery from days to months. The aim of this study was to prepare a safe algorithm
for performing manual reduction of incarcerated inguinal hernias in adults.

Methods Medline, Scopus, Ovid and Embase were searched for papers related to emergency inguinal hernias and manual
reduction. In addition, the British National Formulary and Safe Sedation Practice for Healthcare Procedures: Standards and
Guidance were reviewed.

Results A safe technique of manual reduction of an acute inguinal hernia, called GPS (Gentle, Prepared and Safe) Taxis, is
described. It should be performed within 24 h from the onset of a painful irreducible lump in groin, and when concomitant
symptoms and signs of bowel strangulation are absent. Conscious sedation guidelines should be followed. The most popular
drug combination is of intravenous morphine and short-acting benzodiazepine, both titrated carefully for optimal and safe
effect. The dose of drugs must be individualised, and the smallest effective dosage should be used to avoid oversedation.
Following successful taxis, the patient should undergo a short period of observation. Urgent surgery can be undertaken dur-
ing the same admission or up to several weeks later.

Conclusions Taxis is a benign/non-invasive method for patients with an acute, non-strangulated inguinal hernias. It likely
reduces the risk and complications of anaesthesia and surgery in the emergency settings. GPS Taxis should be considered
as first line treatment in the majority of patients presenting with an acute inguinal hernia when existing bowel infarction is
unlikely.
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Introduction

Taxis is the manual, non-invasive, reduction of hernias
combined with the administration of analgesia/sedation.
B9 M. Pawlak The word ‘Taxis’ is derived from the Greek word meaning

pawlakmd @gmail.com ‘arrangement’ as it describes the procedure of re-arranging
the incarcerated hernia content back into the abdominal cav-
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The acute inguinal hernia remains a common emergency
surgical presentation, representing around 9% of inguinal
hernia admissions [3]. While strangulation of the contents
of the hernia is the main absolute indication for surgery,
the majority of acutely symptomatic hernias actually do
not have any strangulated contents, sometimes containing
omentum only, or bowel which will remain viable if reduced
promptly. If strangulation is excluded, and the hernia is able
to be reduced, immediate surgery and indeed surgical admis-
sion can be avoided and hernia repair performed electively
[4]. This is particularly useful in patients who would benefit
from pre-optimisation, such as the correction of anticoagula-
tion therapy. In addition, at times of altered surgical path-
ways due to pandemic outbreaks or war, reducing the need
for emergency surgery has significant benefits [5].

30-day mortality after emergency inguinal surgery varies
from 3.5 to 5% while it is around 0.07% for elective surgery
[6, 7]. However, these numbers do not take into considera-
tion how many patients were treated with manual or spon-
taneous hernia reduction [8, 9] as only patients undergoing
emergency surgery are being reported. Recently published
International Guidelines on the management of groin hernia
included a chapter on emergency management. This chapter
focussed mainly on key questions around the best surgical
approach (open anterior, posterior, or laparoscopic) and
repair options (e.g. mesh versus non-mesh). Taxis, or the
reduction of an acutely incarcerated hernia with the aid of
analgesia/sedation and its safety was not covered [10, 11].
Similarly, the World Society of Emergency Surgery guide-
lines for emergency repair of complicated abdominal wall
hernias and on Timing of Acute Care Surgery classification
(TACS), only mention the situation of a strangulated hernia,
which is recommended to need an immediate surgery, after
recognition [11, 12].

The aim of this study was to describe the technique of
taxis as we perform it, tips and tricks around its utilisation
and most up to date information on sedation in patients with
acute inguinal hernia presentation.

Methods

In March 2019 Medline, Scopus, Ovid and Embase were
searched for papers related to emergency inguinal hernias.

9 <

Search terms “groin”, “inguinal”, “strangulated”, “incarcer-
ated”, “irreducible”, “emergency”, “groin/inguinal hernia”,
“taxis” and “reduction” were used. The nomenclature of the
HerniaSurge Group was used to define ‘Incarceration’—the
inability to reduce the hernia mass into the abdomen; and
‘Strangulation’—where the blood supply to the herniated
tissues is compromised [10]. The relevant articles were
examined against containing information on manual reduc-
tion. Those selected, together with authors’ experience in
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the topic laid the groundwork for formulating the algorithm
for performing manual reduction in incarcerated inguinal
hernias. In addition, the British National Formulary was
consulted for drug safety information regarding medications
used for conscious sedation [13] as well as Safe Sedation
Practice for Healthcare Procedures: Standards and Guidance
[14].

Results
Protocol

The only real contra-indication to taxis is the presence of
strangulated bowel within the hernia [4, 15]. Thus recog-
nising the likelihood of this is very important. Features
suggestive of strangulation of the hernia contents include
tachycardia, hypotension, or peritonitis. Localised signs in
the region of the hernia, such as erythema, with the skin hot
and painful to touch are also suggestive of strangulation.
Differential diagnosis of a painful swelling in the groin must
be considered. Other causes including abscess, testicular tor-
sion, hydrocele and enlarged inflamed lymph nodes should
be excluded, especially if the patient does not report the
presence of a hernia prior to the onset of the current events
[16, 17]. Keep in mind that testicular torsion is a surgical
emergency just as urgent if not more as strangulated hernia.

Blood markers for bowel ischaemia include serum
D-dimer > 300 ng/ml (sensitivity 85%, specificity 41% and
negative predictive value 94%) and serum phosphokinase
levels of 140 IU/I and higher (compared to 90 in the control
group) [18]. However, these are not used in routine practice.
The white cell count, serum lactate, amylase and C-reactive
protein levels had little predictive value with regard to bowel
ischaemia in relation to an inguinal hernia [15, 18].

There appears to be a linear relationship between the time
from the onset of symptoms, to strangulation and the mor-
tality rate [15]. Two time frames were distinguished. First,
up to 24 h from the onset of symptoms (not the time of
admission), that is pain, firmness and inability to reduce the
content of the inguinal hernia with simple manipulation, but
minimal if any localised signs overlying the hernia. In this
early stage, after conscientious examination and assessing
the risk of strangulation as unlikely, taxis can be attempted.
After 24 h from the onset of symptoms, (and each further
24 h) the risk of hernia content strangulation and ischae-
mia doubles [15], surgical treatment with bowel viability
verification should be the first line of treatment. However,
like so much in surgery, careful assessment of each case is
necessary, and time from onset of symptoms is a rough guide
rather than a specific cut off point in decision making.

Symptoms and signs of bowel obstruction alone without
significant localised or systemic signs do not seem to be
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a contra-indication to taxis. Abdominal pain or pain that
persists in the region of the hernia after taxis is a concern
that taxis has not been successful, or reduction-en-masse has
occurred, a condition when the hernia contents and sac are
‘reduced’ but the hernia sac contents remains incarcerated
within the hernia sac [19, 20].

An algorithm for the management of the acute incarcer-
ated inguinal hernia in adults is given in Fig. 1.

Technique

To perform the manual reduction of an incarcerated ingui-
nal hernia successfully the focus is on three key elements.
For the purpose of easy recollection, the acronym of “GPS
Taxis” was coined.

GPS

Be Gentle: it is not a forceful direct pressure on the sack as
often the hernia contents will mushroom over the external
ring and not reduce. It is a gentle manipulation to introduce
the contents back into abdominal cavity through the hernial
ring.

Be Prepared: appropriate early resuscitation. Administer
oxygen therapy. Establish intravenous access. Use vital sign
monitoring, with a minimum of oxygen saturation and heart
rate. The environment should be quiet, away from a noisy
emergency department for example. The bed, should be able
to be put into the Trendelenburg position. If the patient is
old and frail, the presence of an anaesthetist is suggested.

Be Safe: if strangulation of the bowel is likely then taxis
is not appropriate! Use the smallest effective dosage of anal-
gesia and sedation when attempting taxis.

Fig. 1 Management of the acute
incarcerated inguinal hernia in
adults. GPS Taxis: G be gentle.
A constant, steady pressure [

Confirmed /diagnosed

over the hernia for 5-15 miﬂ, incarcerated groin hernia?

avoiding forceful pushing. P be
prepared. Appropriate environ-
ment with oxygen therapy,
oxygen saturation and pulse
monitoring, opioid and benzo-
diazepine antagonists at the bed
side. S be safe. Careful titration
of intra-venous opioids 4 benzo-
diazepines

No

Consider tumor, enlarged
lymph node, abscess,
testicular pathology,

hydrocele, malignancy
US (if not available CT scan)

Analgesia and sedation

Taxis involves conscious sedation using a combination of
drugs to reduce pain (analgesia) and to aid relaxation (seda-
tion). The most popular drug regimen described in the lit-
erature for manual reduction of inguinal hernias is intrave-
nous diazepam and morphine [14, 21-23]. However, in more
recent times midazolam with morphine is becoming a more
popular combination [14].

Taxis does take time to perform safely. Understanding the
pharmacokinetics of any drugs given makes the technique
safer. Avoid the intramuscular route, as drug absorption can
be variable. The intravenous route is preferred, with intrave-
nous access maintained at all times. Intravenous morphine
can take 5—10 min to take effect [24]. It is best titrated, giv-
ing 1 mg boluses every minute until pain symptoms improve
[14]. Intravenous midazolam has a faster onset of action but
it still may take 5 or so minutes to reach good effect [25].
Again, 1 mg per minute boluses once the morphine is given
is recommended [14]. Dilution of the drugs with normal
saline makes the inadvertent bolus of more than 1 mg per
minute less likely. Remember, the onset of action is delayed
with both drugs in low cardiac output states.

A key statement is that the dosage of these drugs must
be individualized, and the smallest effective dosage should
be used [14, 25]. This is especially true in geriatric or
debilitated patients, low cardiac states, liver disease or low
serum albumin. Typical doses of morphine are 5-10 mg
(0.1-0.15 mg/kg), and midazolam/diazepam, 2.5-5 mg [13].

Regular communication with the patient, in addition
to putting them at ease, allows monitoring of the level of
sedation. Monitoring should be continued into the recovery
period [14], because of the duration of action of the analge-
sia/sedation medication.

Signs of strangulation?
Skin changes (rubor, calor,
dolor)

Time since the onset of
symptoms (over 24h)
Peritonitis
D-dimer above 300ng/ml
Serum phosphokinase levels
of 1401U/I and higher

If not fit for intervention consider
palliative approach

Emergency surgery as soon as
possible.

Not successful

Perform GPS Taxis

Successful

Observation as required
Urgent hernia repair during
same admission or within 30
days depending on local
system capabilities
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The primary adverse effect of morphine is hypotension.
Respiratory suppression can also occur, and its risk increases
with the co-administration of sedative agents. Naloxone
is used to reverse opiate overdose—initially 100-200 pg
(1.5-3 pg/kg) by bolus intravenous injection. Since nalox-
one has a shorter duration of action than many opiates, close
monitoring and repeated administration of naloxone as nec-
essary according to the respiratory rate and depth of coma
is often required [13].

Midazolam is a benzodiazepine of choice for use in con-
scious sedation as it is fast- and short-acting, which make it
safer than for example, Diazepam [21]. The effect of such
longer acting drugs is unpredictable and the drugs may
show unwanted interactions, which are difficult to control
[22]. Nevertheless, diazepam does have some benefits over
midazolam for its additional central muscle-relaxant effects
which may be of benefit during taxis [2]. Benzodiazepines
are contra-indicated in acute pulmonary insufficiency and
marked neuromuscular respiratory weakness. Overdose
of benzodiazepines is usually manifested by central nerv-
ous system depression ranging from drowsiness to coma.
Initially, central nervous system stimulation with perioral
tingling may be present. Flumazenil, is a reversal agent for
benzodiazepines, given as an intravenous bolus at 0.01 mg/
kg up to 2 mg over 15 s [13].

Remember the term is ‘conscious sedation’. Give the
drugs slowly titrating the response. Remember the time
for onset of action. Monitoring of the patient post-taxis is
important, as this is often the time when consciousness may
be lost, and resuscitation may be required. Always check
and adhere to your local conscious sedation guidelines or
ask anaesthetist to help you and best to be present during
the procedure.

Manual reduction

Manual hernia reduction is performed using both hands with
the patient in as much Trendelenburg position as tolerated.
First, the fascial defect should be identified by gentle palpa-
tion around the base of the incarcerated hernia sack.

It is important to keep in mind the 3D anatomy of the
inguinal canal. Direct hernias are easier to reduce but indi-
rect hernias can easily lead to the pressure being applied in
wrong direction. Some authors describe gentle pulling on
the distal part of the sac first in a direction away from the
body [26, 27]. This allows the contents to align themselves
in the direction of the canal which will make gentle reposi-
tion of the hernia’s contents back into the abdominal cavity
easier. This manoeuvre can be painful as indeed can the
whole manipulation and every abdominal contraction due
to pain makes the reduction more difficult or even impos-
sible. That is why it is important to work slowly and gently
and if possible, administer the sedation/analgesia titrating
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its effect to achieve a degree of comfort and thus relaxation
of the abdominal wall.

The non-dominant hand can be used for “pulling” the her-
nia and making it longer and narrower while the dominant
hand is gently pressing on or more encircling the contents of
the incarcerated hernia, almost massaging it bit by bit into
the abdominal cavity. If there is any bowel present, an air
bubble may be palpated and pressure on this area will make
the contents smaller and more easy to reduce.

This gentle pressure can take 5—10 min, and should not be
a forceful push (so as to prevent en-mass reduction or bowel
perforation). If bowel is in the hernial sac, reduction is often
achieved with a satisfying gurgling sound [4, 15, 16, 28, 29].

The chance of reducing bowel that is already irreversibly
ischaemic is very unlikely. In the proposed algorithm, it is
suggested that following successful taxis a necessary period
of observation takes place ensuring recovery of the patient
from the effects of any sedation/analgesia. The patient
should meet standard discharge criteria. Urgent elective her-
nia repair can then be planned within 30 days or considered
at the initial admission [4]. Worsening pain, deteriorating
clinical observations and/or signs mandate further investiga-
tion or surgical intervention with visualization of the bowel.
Laparoscopy through the hernia sack is a useful adjunct in
open surgery, or conventional laparoscopy [30, 31].

An ultrasound guided taxis may increase the success rate
of taxis alone with the need for emergency surgery decreas-
ing from 10% to 2.0% and makes the assessment of the con-
tents of the hernia and its viability possible [16].

Discussion

Taxis is a useful skill to be able to perform safely when
access to emergency surgery is compromised. The recent
COVID-19 pandemic has highlighted this need. A safe envi-
ronment, safe drug administration and careful approach to
taxis are the key steps for safe reduction of an acute hernia.

The level of medical evidence relating to the emergency
management of groin hernias is low. There appears to have
been a shift from taxis to emergency inguinal hernia surgery
over the last century. Yet a more recent cohort study pub-
lished in 2009, reported manual reduction of incarcerated
hernia with a success rate was 70% with no taxis-related
complications during the follow-up period [4]. Reduction
of infarcted bowel appears to be very unlikely with GPS
Taxis [4, 16, 31-33], as does reduction-en-masse. But taxis
is not something to attempt with all acute inguinal hernias.
If there is strong suspicion of bowel infarction, resuscitation
and emergency surgical repair is the mainstay of manage-
ment [11, 12].

It is unclear if the patient can be discharged within hours
of successful taxis or if a period of observation is necessary.
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Any effects of the analgesia/sedation should have worn off.
And the ease of the taxis may help decide the safe obser-
vation period—the longer and more forceful the need to
achieve taxis, the longer the patient should be observed. The
time of day and frailty of the patient may be other factors
that determine post-taxis discharge planning.

The surgical approach to the patient with an acute her-
nia that has failed taxis is outside the scope of this study.
However, in a patient who appears to have had successful
taxis, but then deteriorates over 12—24 h, and the working
diagnosis is bowel ischaemia, laparoscopy, if possible, is the
logical next step. This can be performed through the hernia
sac, or by more conventional laparoscopy [31, 33].

Ultrasound guided taxis in one study reduced the need for
emergency hernia repair fivefold [16]. However, this tech-
nique does not appear to be in common practice. Neverthe-
less, ultrasound is a useful first line investigation when the
diagnosis is unclear.

Limitation

The study describes a technique that was once well recog-
nised but has largely been abandoned due to changes in strat-
egy towards emergency hernia surgery. Therefore, recent,
relevant data are scarce. However, large registry data could
help inform on this technique.

Conclusions

1. Manual reduction is a benign/non-invasive method for
patients with short history of incarcerated inguinal her-
nia, up to 24 h from the onset of symptoms.

2. Attention to detail of the technique of taxis likely
improves success rate and minimises morbidity, e.g.
reduction of non-viable bowel and en-masse reduction.

3. GPS Taxis should be a tool in the tool box of every
general surgeon involved in emergency care.
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