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Abstract

Background: Mechanical ventilation (hit one) during surgery (hit two) is often needed and both
induce an inflammatory response. Dysregulation of the inflammatory response can cause chronic
postoperative pain. Methods: Healthy C57BL6 mice (n = 56) were mechanically ventilated (MV)
and allocated to receive sham (MV-sham) or mechanically ventilation with chronic constriction
injury (MV-CCI) surgery in the left hind paw. Plasma interleukin (IL)-1p, IL-6, IL-10, keratinocyte
derived chemokine (KC) and tumor necrosis factor (TNF)-a were determined on day 0 and 16.
Sensory testing was performed on day 0, 3, 7 and 16 by cold plate test (number of lifts (NOL) and
cumulative reaction time (CRT)) and von Frey test. The effect of lidocaine on cytokines and sen-
sory testing was analyzed. Results: MV-Sham showed an increase in IL-1f and TNF-a, and MV-
CCI-lido increased levels of KC compared with MV on day 0. No difference in cytokine levels was
observed on day 16. NOL of the left paw versus the right was increased in MV-CCI on day 7, and in
MYV-CCI-lido on day 7 and 16. The NOL of the left paw was decreased in MV-sham and MV-CCI-lido
compared with MV-CCI on day 16. The CRT of the left paw was increased for MV-CCI on day 3 and 7,
and for MV-CCI-lido on day 7. On day 16, MV-sham and MV-CCI-lido showed a decreased CRT of the
left paw compared with MV-CCI. Conclusion: Nerve injury and not systemic inflammatory response
seems mandatory for development of neuropathic pain in this “two-hit” model. Lidocaine attenu-
ates cold allodynia in mice.
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1. Introduction

Several studies have been investigating “two-hit” models in trauma or surgical patients [1]. In the “two-hit” hy-
pothesis, the initial insult primes the host as a first step. An activating event subsequently triggers the immune
system, resulting in an augmented immune response [2] [3]. During surgery patients are often exposed to mul-
tiple hits, like the surgery itself and mechanical ventilation. The response to surgical injury is a combination of
complex physiological and behavioral changes with an important role for the local and systemic immune system
[4]. The severity of injury seems to correlate with the inflammatory response [4] [5] involving interleukin (IL)-6,
IL-1, IL-8 and tumor necrosis factor a (TNF-«) [5]. After injury, the host defense is aimed at restoring homeos-
tasis, and the release of anti-inflammatory and pro-inflammatory cytokines seems equally important [6]. Most
patients are being ventilated during surgery. Mechanical ventilation (MV) without surgery can result in an in-
flammatory response, characterized by release of inflammatory cytokines and influx of immune cells such as
neutrophils [7]-[10].

Interestingly, dysregulation of the inflammatory response can play a role in pain after surgery and the devel-
opment of chronic pain [11]-[15]. Inflammatory mediators released at the site of injury cause a reduction in fir-
ing threshold of afferent nerve endings, i.e. peripheral sensitization [16] and an upregulation of voltage gated
sodium channels [17]. Proinflammatory cytokines such as TNF-a, IL-14, and IL-6 induce acute or short-term
and chronic hyperalgesia and allodynia which results from ongoing input in the central nervous system and sub-
sequent central sensitization [18].

Additionally, perioperative nerve injury is a major risk factor for developing chronic postoperative pain [16].
However, nerve transection does not always lead to neuropathic postoperative pain [19].

Current strategies for prevention of chronic postoperative pain consist of identification of patients at risk, ad-
ministering multimodal analgesia and using nerve-sparing surgical techniques [20]. Until now these have a sub-
optimal efficacy and more mechanism based treatment strategies are warranted.

Intravenous lidocaine seems to be an interesting agent for prevention of postoperative neuropathic pain, since
it interacts with the inflammatory response and has antihyperalgesic properties mediated by an inhibitory effect
on ion channels and receptors. It attenuates the neuroinflammtory response in perioperative pain and chronic
neuropathic pain [14] [21] [22].

Animal pain models representing the clinical situation and contributing to the etiology of persisting pain states
after surgery are needed. A chronic constriction injury (CCI) model, ligating the ischiadic nerve, is frequently
used to study neuropathic pain in animal models [23] [24]. However, in many of the current available CCI mod-
els animals are not mechanically ventilated, and most patients are ventilated during surgery.

In this study, we aimed to create a murine “two-hit” model by combining CCI (hit one) and mechanical ven-
tilation (hit two). We investigated the postoperative inflammatory response after chronic constriction injury
(CCl) versus sham, and we determined mechanical and thermal allodynia after mechanical ventilation (MV) and
CCI versus sham. Secondly, we analyzed if intraperitoneally administered lidocaine could modulate the post-
operative inflammatory response and the development of thermal and mechanical allodynia.

2. Material and Methods

All experiments were approved by the Regional Animal Ethics Committee in Nijmegen and performed accord-
ing to the guidelines of the Dutch Council for Animal Care and The National Institutes of Health.

2.1. Animals

Studies were performed in C57BL/6J male mice (n = 56; Charles River). Female mice were excluded due to
possible hormonal influences. Mice were acclimatized to their environment and were aged between 8 - 12 weeks
for the start of the experiment, with a mean weight of 24 gr. Mice were housed in a light and temperature con-
trolled room under specific pathogen free (SPF) conditions. Standard pelleted chow (1.00% Ca; 0.22% Mg; 0.24%
Na; 0.70% P; 1.02% K; SSNIFF Spezialdidten GmbH, Soest, Germany) and drinking water were available ad
libitum.

2.2. Study Groups

Animals (n = 56) were divided into 2 separate groups and the experiment consisted of 2 parts.
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During the first part (n = 32) of the experiment we investigated the inflammatory systemic response after sur-
gery, comparing MV (n = 8), MV-sham (n = 8), MV-CCI (n = 8) and MV-CCI with systemic low dose lidocaine
(MV-CCI-Lido, n = 8) (Figure 1). In part 2 (n = 24), we investigated in MV-sham (n = 8), MV-CCI (n = 8) and
MV-CCI-lido (n = 8) the effect of low dose lidocaine on the development of neuropathic pain with postoperative
sensory testing on day 3, 7 and 16 (see paragraph ‘postoperative testing”) and measured the inflammatory re-

sponse on day 16 (Figure 2).

Previous investigations demonstrated cytokine levels of unventilated mice are below or extremely close to
detection limits; therefore an unventilated group was not included [10] [25] [26].

Part 1.

WT
MV

WT
MV-
Sham

WT
WT

MV-CCI
MV-CCI lido

2

Euthanisia and collection

of serum to determine
cytokine levels

0 hours

2 hours
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Lidocaine or NaCl 0.9% was administered via an intraperitoneal catheter in equivalent volumes. A bolus of
lidocaine 1.5 mg/kg was administered before start of surgery followed by continuous infusion of 2 mg/kg/hour
till end of surgery [27]. Mean duration of lidocaine administration was 2 hours.

2.3. Mechanical Ventilation and Surgical Procedure

Both sham and CCI-mice were operated. Before surgery, the mice received carprofen subcutaneously according
to their weight (0.1 ml carprofen per 10 gram). The mice were anesthetized using isoflurane inhalation (1% -
4%). After oral intubation with a 20 gauche catheter, the mice were mechanically ventilated (MiniVent®, Hugo
Sachs Elektronik-Harvard Apparatus, March-Hugstetten, Germany). The ventilation settings used were based on
measured tidal volume and respiratory rate during spontaneous ventilation in C57BI/6 mice [28]: a tidal volume
of 8 ml/kg body weight and a frequency of 150/min. All animals received 4 cm H,O positive end-expiratory
pressure (PEEP), and fraction of inspired oxygen was set to 0.4. Rectal temperature was monitored continuously
and maintained between 36.0°C and 37.5°C using a heating pad. Under a dissecting microscope, the left com-
mon sciatic nerve was exposed at the level of the mid-thigh by dissecting through the biceps femoris. In the
CCl-mice three ligatures (silk 6.0) were loosely tied around the sciatic nerve proximal to the nerve trifurcation
(while taking care to preserve epineural circulation), at about 1 mm spacing, until they elicited a brief twitch in
the related hind paw. The muscle layer was then stitched and the incision in the shaved skin layer was closed
using clips. Sham-mice had only sciatic exposure without ligation and were used as controls. After surgery the
mice received carprofen subcutaneously once a day according to their weight on day 1 and day 2 in order to
provide analgesia from a human perspective. On day 10, the clips were removed.

2.4. General Well Being

In the second part of the experiment in the first week after surgery, animals were weighted daily. When they lost
too much weight (>30% directly postoperative or 20% in the days after surgery) or did not recover within 1
week the humane endpoint had been reached and the animal was excluded from the experiment and conse-
quently postoperative pain testing. They were also tested on activity, state of the surgical wound and eventual
damage on the left feet or toes (by autotomy).

2.5. Postoperative Testing

Responses to thermal and mechanical stimuli were tested in all mice before (baseline) and 3, 7 and 16 days after
surgery.

Thermal allodynia was measured using the Cold Plate test. The mice were exposed to a temperature of 2°C -
2.5°C to regain the best response. Measurements were performed on both the ipsilateral and contralateral hind
paws. Mice were scored for 5 minutes on scratching with the paw, jumping and lifting up the paw in the same
place and licking on the toes. The amount of lifting of the hind paw was measured and analysed as number of
lifts. Also the amount of jumps was counted and the duration of reaction was measured and analysed as cumula-
tive reaction time [23] [29].

Mechanical allodynia was measured using the von Frey test, before surgery, on day 3, 7 and 16. Mechanical
allodynia was induced by application of pressure of the skin [30]. Mice were placed in a test cage with a wire
mesh metal floor and the rigid tip of a von Frey filament (punctuate stimulus) was applied to the skin of the
midplantar area of the hind paw until it bended. Different filaments, ranging from 0.145 to 5.1 gram, made of
nylon, were used to an increasing force, starting below the threshold of detection (hair number 7 or 8; 0.145 -
0.320 gram) and increasing until the animal removed its paw. Withdrawal threshold of ipsilateral and contrala-
teral paws was measured 3 - 5 times and the maximal force before withdrawal was the mean of the evaluations
[31].

2.6. Cytokine Analysis

After the animals were Killed during anesthesia, blood was collected by exsanguination and centrifuged at
14,000 rpm (Eppendorf 5414 C; Nether-Hinz GmbH, Hamburg, Germany) for 2 min, and plasma was stored at
—80°C.

As described previously [27], a Luminex® assay was used to determine plasma cytokine levels of TNF-q,
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IL-6, IL-10, KC and IL-18 (Milliplex, Millipore, Billerica, MA). Lower detection limits were as follows: IL-15:
40 pg/ml; TNF-a: 32 pg/ml; IL-6: 160 pg/ml; IL-10: 16 pg/ml and KC: 160 pg/ml.

2.7. Statistical Analysis

For both parts of the experiment separate power analysis were performed.

First part: We performed a sample size calculation based on previous investigations considering a difference
of 40% in cytokine levels between ventilated and control mice with a type 1 error of 5% (« = 0.05) and a power
of 80% (# = 0.2) [10] [25] [32]. This resulted in a group size of 8 animals per group.

Shapiro-Wilk tests showed that data were not normally or log normally distributed. Data are therefore ex-
pressed as median with interquartile range (IQR) and depicted as column bar graphs. Differences between con-
trol versus lidocaine and between ventilated groups were studied using Mann Whitney tests. Statistical analysis
was performed using Graphpad Prism 5 software (Graphpad Software, La Jolla, USA). P-values < 0.05 were
considered significant.

Second part: The experimental group size calculation for the behavioural test is performed based on previ-
ously published information [26], using the following formula: n = 1 + 2C(s/d)2 [33] to compute sample size for
continuous variables where s is an estimation of the standard deviation of the variable, d is the magnitude of the
difference we wish to be detected, and C is a constant dependent on the value of alpha and beta selected. C =
10.5 for = 0.5 and 1-8 = 0.9, then sample size isn =1 + 21 x (5/10)2 = 6.25. This analysis showed that to de-
tect differences of 10% with a power of 90% and statistical significance at the p < 0.05 level, 7 mice per group
are needed. Therefore all groups originally started with n = 8. Results of the behavioural tests were normally
distributed and are presented as mean values + S.E. All statistical analyses were performed with Graphpad Prism
5 software (Graphpad Software, La Jolla, USA). Pre-operative measurements were compared with post-oper-
ative measurements using Mann Whitney tests. Comparisons between left and right hind paw were made by a
paired samples T-test. A p-value of < 0.05 is considered statistically significant.

3 Results
3.1. General Well Being

We used isoflurane as a monoanesthetic during surgery. We observed some hiccupping during monoanesthesia
with isoflurane and a somewhat longer recovery time compared with previous experiments where we performed
CCl in spontaneous breathing mice.

During part 1 of the experiment, one of eight animals died during intubation in MV and in MV-CClI-lido
group. In MV-CCI group, one of eight animals died during ventilation.

During part 2 of the experiment, one of eight mice was excluded from the experiment with paralysed hind ex-
tremities in MV-sham group. In MV-CCI group two of eight mice died the day after surgery. No autotomy was
observed.

3.2. Cytokine Analysis

During part 1 of the experiment (day 0), MV-Sham (n = 8) showed a significant increase in IL-18 and TNF-«
compared with MV (n = 7). MV-CCl-lido (n = 7) showed a significant increase in KC compared with MV. No
significant differences were observed for IL-6 and IL-10, although they were elevated in MV-sham, MV-CCI (n
=7), MV-CCl-lido compared with MV (Figure 3).

During part 2 of the experiment (day 16), no difference in cytokine levels were observed between MV-sham
(n=7), MV-CCI (n = 6) and MV-CCI-lido (n = 8) (Figure 4).

3.3. Cold Plate Test—Number of Lifts

The number of lifts (NOL) of the left and the right hind paw were determined in the cold plate test.

Differences in NOL between left (CCI) and right hind paw were determined.

MV-sham showed no differences between both hind paws on several consecutive days. The NOL of the right
paw were significantly decreased compared with the left paw in MV-CCI on day 7. The NOL of the right paw
were significantly decreased compared with the left paw in MV-CCI-lidoon day 7 and 16 (Figure 5).
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Figure 3. Cytokine levels in plasma after 2 hours MV. Levels of interleukin (IL)-14, IL-6,
IL-10, keratinocyte derived chemokine (KC) and tumor necrosis factor (TNF)-a keratino-
cyte derived chemokine (KC), in ventilated mice (MV, n = 7) compared with MV sham
mice (MV-sham, n = 8), MV chronic constriction injury (CCI) mice (MV-CCI, n = 7) and
MV-CCI mice receiving lidocaine at 1.5 mg per kilogram per hour (MV-CCl-lido, n = 7).
MV-Sham showed an increase in IL-15 compared with MV. MV-CCI lido showed an in-
crease in KC compared with MV. MV-Sham showed an increase in TNF-a compared with
MV. Data are expressed as median with interquartile range (IQR) (* = P < 0.05).

The differences between groups of NOL of the left paw were also investigated.
The number of lifts of the left paw was decreased in MV-sham compared with MV-CCI and significant lower
in MV-CCI-lido compared with MV-CCI mice on day 16 (Figure 6).

3.4. Cold Plate Test—Cumulative Reaction Time

The cumulative reaction time (CRT) was determined in the cold plate test.

Differences between the CRT of the left (CCI) and right paw were determined. We observed no differences in
CRT of the left and right hind paw on day 0, 3, 7 and 16 in the MV-sham mice. The CRT of the left paw was
significantly increased compared with the right hind paw in MV-CCI mice on day 3 and day 7. In MV-CCl-lido
mice the CRT of the left paw was increased on day 7 (Figure 7).
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Figure 4. Cytokine levels in plasma 16 days after surgery. Levels of interleukin (IL)-15,
IL-6, IL-10, keratinocyte derived chemokine (KC) and tumor necrosis factor (TNF)-a kera-
tinocyte derived chemokine (KC), in MV-sham (n = 7), MV-CCI (n = 6) and MV-CClI-lido
(n = 8). No differences were observed between the different groups. MV = mechanical
ventilation, CCI = chronic constriction injury, Lido = lidocaine. Data are expressed as me-
dian with interquartile range (IQR) (" = P < 0.05).

The differences between groups in CRT of the left paw were also investigated. The CRT was higher in MV-

CCI mice than in MV-sham mice on day 16. CRT was also higher in MV-CCI mice than in MV-CCI-lido on
day 16 (Figure 8).

3.5. Von Frey Test—Maximal Force before Withdrawal

The maximal force before withdrawal was tested in the von Frey test. MV-CCI-lido scored lower in the left hind
paw on maximal force before withdrawal than the right hind paw on day 16 (Figure 9).
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day 7 and day 16), in MV-sham, MV-CCI and MV-CClI-lido mice. MV = mechanical ven-
tilation, CCI = chronic constriction injury, Lido = lidocaine. Data are expressed as mean
with standard error of the mean (SEM) (" = P < 0.05).

No differences in maximal force before withdrawal of the left paw were demonstrated comparing the different

groups (Figure 10).
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Figure 6. Number of lifts (NOL) of the left paw measured by cold plate comparing MV-sham,
MV-CCI and MV-CCl-lido mice on day 0, day 3, day 7 and day 16. MV = mechanical venti-
lation, CCI = chronic constriction injury, Lido = lidocaine. Data are expressed as mean with
standard error of the mean (SEM) (" = P < 0.05).

4. Discussion

To our knowledge, this is the first study, which investigates in a murine model a ‘two-hit” inflammatory re-
sponse on the development of pain and the effect of lidocaine on this inflammatory response and pain. We found
that MV (hit one) induces a rise in acute phase cytokines and surgery (hit two) has an additive effect on the in-
flammatory response. Additionally, CCI but not sham surgery or MV leads to the development of neuropathy in
mice. Lidocaine decreases thermal allodynia.

4.1. Inflammatory Response

Earlier experimental models showed an augmentation of the inflammatory response after multiple or sequential
hits [1] [34]. Fan et al. demonstrated that neutrophil recruitment to the lung was increased when hemorrhagic
shock was followed by inoculation of LPS, if compared to hemorrhagic shock alone [35]. Li et al. demonstrated
an increase in plasma TNF-¢, IL-1 and IL-10 in a two-hit LPS stimulated ARDS rat model [36]. Several other
trials focussed on modulation of this hyperinflammatory response in order to reduce organ dysfunction [34].

We demonstrated a significant rise of IL-14, TNF-a in MV-sham and of KC in MV-CClI-lido; and there was a
tendency of increased levels of IL-6 and IL-10 in MV-sham, MV-CCI and MV-CCI-lido compared with MV.
These results seem to support that surgery induces an additional inflammatory reaction, compared with me-
chanical ventilation alone. After injury, TNF-a and IL-14 will rise initially and then stimulate the production of
IL-6 and IL-8 (IL-8 equals KC in mice), which subsequently intensifies the inflammatory response [6].

Although, lidocaine reduces pro-inflammatory cytokines and neutrophil migration during the acute phase of
the inflammatory response [22], this was not demonstrated in our experiment. In a previous investigation we
have demonstrated an increase of IL-10 after 4 hours of MV with systemic administration of lidocaine [27].
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Other investigations demonstrated lidocaine to attenuate activated endothelial IL-1, IL-6 and IL-8 concentrations
and ICAM-1 expression in vitro [37] [38] and reduces levels of TNF-a, IL-18, IL-6 and 1I-8 in animal endo-
toxemia models [39]-[41].

Unfortunately, in MV, MV-CCI-lido and MV-CCI one mouse died and this can account for statistical draw-
backs since we did not meet the number of animals we had determined in the power calculation. This maybe an
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Figure 8. Cumulative reaction time (CRM) of the left paw measured by cold plate comparing
MV-sham, MV-CCI and MV-CCI-lido mice on day 0, day 3, day 7 and day 16. MV = mechanical
ventilation, CCI = chronic constriction injury, Lido = lidocaine. Data are expressed as mean with
standard error of the mean (SEM) (" = P < 0.05).

explanation for not finding a difference in all measured postoperative cytokines and modulating effect of lido-
caine on the postoperative inflammatory response. Additionally, the entire procedure lasted only 2 hours and not
all measured cytokines can reach peak concentrations in such a short period of time [42] [43].

Previous literature describes an acute phase response to MV but also to anesthetic drugs [44]. Isoflurane has
been shown to attenuate the inflammatory response after MV [45]. Carprofen attenuates I1L-6, induced by LPS in
equine synoviocytes [46]; and it decreases interferon-y, TNF-a, IL-17 and increases expression of IL-10 in cows
[47]. Thus, very likely carprofen interacts with cytokine synthesis; however this effect is equal for all mice.

No differences in systemic cytokine levels were observed after 16 days. Cytokine levels were almost below
detection limits, indicating a return to preoperative status consisted with previous investigations [10] [25] [32].
A limitation is that cytokine measurements on day 16 are performed in different animals.

4.2. Pain

An increase in thermal and mechanical allodynia was revealed in MV-CCI mice, and a sham operation did not
lead to alter sensory testing. This indicates that although a systemic inflammatory response is caused by sham
operation and MV, nerve injury is needed for altered sensory testing in our “two-hit” model. Perhaps a more ex-
tended surgical procedure or an infectious component without neurological damage, will alter sensory testing
after surgery as has been shown in a model of inflammatory pain [48].

Mice receiving lidocaine had significantly less symptoms of cold allodynia on day 16 measured by NOL and
in CRT in the cold plate tests. Several studies indicate that perioperative intravenous lidocaine can reduce post-
operative complications and neuropathic pain [22]. Lidocaine acts like an anti-hyperalgesic and anti-inflamm-
atory agent mediated by an effect on voltage-gated sodium channels in damaged nerves and inhibits the release
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MV-CCI and MV-CClI-lido mice on day 0, day 3, day 7 and day 16. MV = mechanical ventilation,

CCI = chronic constriction injury, Lido = lidocaine. Data are expressed as mean with standard
error of the mean (SEM) (" = P < 0.05).

of nociceptive mediators by keratinocytes [49] [50]. Lidocaine targets neuropathic pain by a decrease in ectopic

discharges and prevention of central hyperalgesia [51]-[53]. We did not find a significant difference in the von
Frey tested groups, however this could be attributed to a power problem since two mice died in the CCI group.
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Figure 10. Maximal force of withdrawal of the left paw measured by von Frey comparing MV-
sham, MV-CCI and MV-CCI-lido mice on day 0, day 3, day 7 and day 16. MV = mechanical
ventilation, CCI = chronic constriction injury, Lido = lidocaine. Data are expressed as mean with
standard error of the mean (SEM) (" = P < 0.05).

We used cold plate testing to asses cold allodynia and von Frey testing to asses mechanical allodynia.

Cold allodynia is mediated by C and Adfibers and mechanical allodynia by Ap fibers through peripheral and
central sensitisation, although the exact underlying mechanisms are not completely understood [54]. Cold allo-
dynia in mice can mimic cold allodynia observed in patients [55]. Cold plate testing has high behavioural vari-
ability and is mainly used for neuropathy models [56] [57]. von Frey testing to determine mechanical allodynia
can reliably be used in mice [56] [57]. During cold plate testing we found high baseline values with high vari-
ability (Figure 5, Figure 7). We believe that habituation is a contributing factor in the gradual decline of our
measurements and perhaps a longer period of acclimatization should be applied in research with cold plate test-
ing in mice [58]. Concerning the von Frey testing, the bending forces applied by von Frey filaments can be in-
fluenced by ambient humidity, temperature, washing and drying [59]. Increased weight of the CCI mice during
the experiment could also be a conflicting factor in the von Frey test [60].

These findings insinuate lidocaine to have a greater effect on Adfibers and C fibers than on Ap fibers and to
prevent central hyperalgesia, since it has been posed that mechanical allodynia is caused by central sensitization
[54].

Moderate to severe pain after surgery can lead to a reduction in the quality of life in the immediate postopera-
tive period, is an important reason for delayed discharge and can lead to chronic pain [61] [62]. Since this is the
first ‘two-hit’ animal model investigating the effect of the inflammatory response on postoperative pain further
studies are needed. Since mice are genetically modifiable, chronic constriction injury research in mice could
create opportunities in exploring the role of inflammatory receptors or channel pathology in neuropathic pain,
and subsequent development of new treatment targets. Investigating the effects of a more extended surgical
procedure or an infectious component without neurological damage on the inflammatory response and develop-
ment of pain, would be of interest. Secondly, cytokine measurements on several consecutive moments in the
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postoperative phase will reveal more insights in the postoperative inflammatory response and correlation with
postoperative chronic pain. Thirdly, study of the mechanisms contributing to altered sensory testing caused by
lidocaine is needed, since modulation of the inflammatory response and nociceptive processing by lidocaine
may offer strategies to reduce postoperative neuropathic pain. Further studies are needed to assess the effect of
other anesthetics in this murine model, for example ketamine, dexmedetomidine and opioids that are known for
their anti-inflammatory and pain modulating effects [5] [63].

4.3. Conclusion

The current study indicates that surgery (CCI) induces an additional inflammatory response if combined with
mechanical ventilation in a murine model. Although, both induce a systemic inflammatory response, nerve in-
jury seems mandatory for development of neuropathic pain in this “two-hit” model. Lidocaine attenuates cold
allodynia in healthy mice.
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