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Background: Oncological femoral or pelvic resections and reconstruction have become an alternative to
large amputations. However, one of the frequent risks is the neurological injury. The use of intraoperative
evoked potentials allows its control in order to modify the surgical gestures. The purpose of this study was
to evaluate the results of intraoperative neurophysiologic monitoring in large reconstructive arthroplasty
surgeries.

Case presentation: A prospective study (2012-2018) was performed, including 8 patients with 6 complete
resections of the femur and 2 resections of the pelvis. In all cases, intraoperative lumbar plexus monitoring
was performed using evoked potentials in order to analyze variations during surgery as well as a
postoperative control. 100% could be correctly monitored throughout the surgery. In 4 cases, intraoperative
anomalies were detected requiring modification of the surgery. Of these, postoperatively only one nerve
injury persisted: a complete sciatic nerve injury due to an intraoperative vascular injury.

Conclusion: Intraoperative neurophysiological monitoring is a very useful resource in large oncological
resection, allowing detection of nerve distress due to manipulation or excessive limb traction during
reconstruction. The use of somatosensory evoked potentials in large oncological resections can predict and

minimize the risk of relevant postoperative nerve complications.

© 2020 Camilla Arvinius. Hosting by Science Repository.

Background

Peripheral nerve injury is a serious complication after prosthetic hip
surgery, its incidence is low in primary hip arthroplasty, 0.2-0.3%, while
it raises to 2.9-7.6% in revision surgery [1-4]. However, there is no
literature to be found concerning peripheral nerve lesions in pelvic or
femoral reconstructive surgery after large tumoral resections. In these
surgeries there are multiple factors that can cause peripheral nerve
damage. Traditionally, excessive limb traction during hip reduction has
been considered the most important factor [1, 5]. It has been shown in
experimental models that nerve injury occur when nerve elongation is
greater than 6% of its length [7]. Other causes are direct injuries
(retraction, section, laceration or cauterization) or problems in the
positioning of the components [8].

Multiple studies have described intraoperative use of somatosensory
evoked potentials and continuous intraoperative electromyography as a
method of early detection of nerve suffering and injury in spine
deformities correction surgeries, resection of intramedullary spine
tumors and complex hip surgeries [3, 9-11]. Large pelvic and femoral
resection and its reconstruction with megaprosthesis implies a high
incidence of postoperative dislocation, but the excessive elongation of
the lower limb may cause postoperative nerve injuries. Evaluation of
neural distress using intraoperative neurophysiologic monitoring could
allow a more optimal degree of stress during prosthesis implantation
while avoiding a postoperative nerve injury. The aim of our study was
to evaluate the results of intraoperative neurophysiologic monitoring in
pelvic reconstruction arthroplasty surgeries after large tumoral
resections in order to establish a possible benefit of its systematic use in
these surgeries.
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Case Presentation

A prospective study was performed between 2012 and 2017 in our center
including 8 patients with pelvic reconstructive arthroplasty after large
tumoral resections in which intraoperative neurophysiologic monitoring
was carried out. The patients were selected by the orthopedic surgeons
in collaboration with the neurophysiologic team due to their high risk of

nerve injury during surgery. All patients were operated by the same team
of oncological orthopedic surgeons and monitored by the same
neurophysiologist. The surgeries were performed with general
anesthesia, in such a way that the alterations or variations of the
intraoperative neurophysiologic studies could be noticed. The
demographic data such as age, type of tumor and arthroplasty used are
presented in (Table 1).

Table 1: Monitored patients characteristics and surgical procedures. ORIF: open reduction internal fixation.

Ne Sex Age Diagnosis Approach Procedure
) . . Total femoral prosthesis
1 Male 54 Femoral fibrous dysplasia Direct lateral .
(type Mega C, Link®)
. Total femoral prosthesis
2 Male 63 Femoral chondrosarcoma grade Il1 Direct lateral P .
(type Mega C, Link®)
Pathological femoral fracture secondary to intraosseous . Total femoral prosthesis
3 Male 46 . Direct lateral .
leiomyosarcoma type Mega C, Link®
Femoral Ewing’s sarcoma 2000. Posterior fracture, non-union and . Total femoral prosthesis
4 Male 45 Direct lateral

failure of ORIF.

type Mega C, Link®

5 Male 56

Femoral chondrosarcoma grade 11 in Paget’s disease

Total femoral prosthesis

Direct lateral .
type Mega C, Link®

6 Female 54

Pelvic chondrosarcoma grade Il affecting Enneking 2 and 3

Prosthesis

Triradiat h
riraciate approac type Coned, Stanmore®

7 Male 33 Femoral osteosarcoma

Total femoral prosthesis

Direct lateral .
type Mega C, Link®

8 Male 72

Pelvic Paget’s disease malignization affecting Enneking 1 and 2

Prosthesis Custom-Made,

Triradi h
riradiate approac Link®

Every patient was monitored intraoperatively with motor and
somatosensory evoked potentials (MEP and SSEP) as well as continuous
and stimulated electromyography. Motor evoked potentials from the
terminal branches of the sciatic and femoral nerves were monitored. In
order to monitor the superficial peroneal nerve electrodes were placed
on peroneus longus muscle (PE), for the deep peroneal nerve they were
placed on the tibialis anterior muscle (TA) and in order to monitor the
lateral and medial branch of the tibial nerves they were placed on
abductor hallucis (AH) and lateral gastrocnemius (GE) respectively. The
electrodes placed on the vastus medialis (VM), vastus lateralis (VL) and
rectus femoris (RF) monitored the femoral nerve. Neurophysiological
monitoring of the contralateral limb was used as a control. Both upper
limbs were monitored on the first dorsal interosseous muscle (ulnar
nerve) as control. Somatosensory evoked potentials of both lower limbs
were recorded on the posterior tibial nerve and both upper limbs on the
ulnar nerve. Evoked potentials were considered altered when the
variations of the amplitude were greater than 50% or an increase of the
latency of more than 10% was registered.

During surgery, a continuous electromyographic registry was carried out
and the stimulation through the surgical field was accomplished through
a bipolar electrical field. The existence of nervous distress was
considered when electromyographic activity was recorded. The
postoperative nervous state of the patients was assessed by clinical
exploration and a neurophysiological study was performed in those cases
where either intraoperative alteration or clinical postoperative suspicion
of nerve injury was detected. The functional evaluation of the patients
was determined by the Musculoskeletal Tumor Society Score (MSTS)
12 months after the surgery [12].
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Outcomes

All patients were monitored correctly during surgery. In 4 of the 8 cases
(50%), intraoperative anomalies were detected in the neurophysiological
registry (Table 2).

In the first case, when performing traction of the lower extremity in order
to test and adapt the prosthesis, continuous neurotonic discharges were
recorded in muscles corresponding to the sciatic nerve (TA, PL, GE and
AH). The irregular activity disappeared when the traction ceased (Figure
1).

Figure 1: Both images show a continuous electromyography record. The
left image shows neurotonic discharges that indicate neural distress due
to excessive traction of the extremity. On the right image the traction has
been interrupted, therefore no activity is recorded, and the neural activity
is considered normal.
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Table 2: Descriptions of the alerts given to the surgeon, the subsequent action taken by the surgeon and postoperative outcomes.

N° | Register alteration Intraoperative maneuver

Surgeon maneuver

Postoperative lesion MSTS

Traction to reduce the

No nerve lesion

prosthesis

1 SSEP femoral nerve . Change of neck length 100
prosthesis

2 No - - No nerve lesion 60

3 No - - No nerve lesion 43

4 No - - No nerve lesion 50

5 No - - No nerve lesion 83
Traction to place the trial No nerve lesion

6 SSEP femoral nerve Change of neck length 48

Sudden loss of PESS and

7 PEM in sciatic nerve (TA, Vascular repair

Progressive recovery after vascular

Complete sciatic nerve 36

221 PEM control - |

[PEM Transcraneal |[ES1 6] 200.0V.

0B

repair lesion
PE, GE, AH) P
PEM amplitude loss in . None, spontaneous progressive recove .
8 L P Placement of the prosthesis P preg i No nerve lesion 53
sciatic nerve (PE and TA) of PEM
- [B]x]

$
3

PEM Transcraneal  |[ES1 5] 200.0v

3

Figure 2: On the left image there is a register of the basal PEM (arrow) and the final PEM (hollow arrow). To detect nerve injury or nervous suffering there
must be a 50% amplitude increase or a 10% increase of the latency corrected by ceasing of the stimulus. The image on the right is a continuous
electromyography record where the presence of activity (waves appearing in the first 3 lines) indicates nervous suffering. In this case, the activity yields

with decreased limb movement.

In the sixth case, while tractioning in order to reduce the femoral
prosthesis, the motor evoked potentials corresponding to the femoral
nerve (RF, VL and VM) registered alterations as well as a continuous
activity at the electromyographic register. These anomalies ceased when
the limb traction was diminished, and therefore a shorter femoral neck
length was used without detecting any postoperative complications
(Figure 2). In the seventh case an abrupt loss of the MEP and SSEP
corresponding to the sciatic nerve were detected at the same time as a
vascular injury occurred. Vascular reparation was performed and in
order to increase the nerve vascularization a state of hypertension was
generated that allowed recovery of the potentials 40 minutes after its
abolition. This patient represents the only postoperative nerve injury
case with a complete sciatic lesion. In the eighth case the MEP
amplitude of the peroneal and tibial nerves (TA, PE and GE) decreased
after placing the definitive prosthesis, it progressively recovered using
high intensity loads through motor cortical stimulation (Figure 3). The
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average score on the MSTS scale was 59 (Table 2).
Discussion

Postoperative nerve injury is a rare but devastating complication. In hip
surgery, the sciatic nerve is the most affected structure representing 80%
of the cases [13]. The posterior approach, a preoperative diagnosis of hip
dysplasia, the use of non-cemented implants and the increased length of
the lower limb are factors that increase the risk of nerve injury in primary
hip arthroplasty [3]. Intraoperative neurophysiological monitoring is a
tool that allows early detection of nerve injuries. Initially it was used in
corrective surgery of large spinal deformities an its use has progressively
extended to other surgical procedures such as intramedullary spine
tumors and prosthetic surgery of the lower limbs [10, 14].

There are several studies in which the sciatic nerve neurophysiological
monitoring is performed using intraoperative SSEP during primary hip
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prosthetic surgery and revision surgery [3, 16]. When dealing with large
tumoral resections the use of megaprosthesis is an alternative to
amputation that permits higher rates of postoperative function. However,
the complexity of the surgical procedure and the postoperative length

discrepancy may increase the risk of nerve injury compared to prosthetic
revision surgery. Nevertheless, no studies concerning intraoperative
neurophysiological monitoring in large tumoral pelvic resections have
been published.
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Figure 3: The image corresponds the sciatic PEM register of the right lower limb. The inferior line is a register of the basal PEM and the superior line final

PEM at the moment of nerve suffering.

The use of intraoperative neurophysiologic monitoring allows the
surgeon to register potential nerve suffering during surgery and to
minimize possible postoperative nerve injuries. According to the results
of Sutter el al, it is an effective method to alert the surgeon about the risk
of a possible nerve injury and adapt the surgical maneuvers according to
the registry [17]. Nercessian et al conducted a study in patients
undergoing prosthetic hip revision surgery [3]. Intraoperative nervous
distress was detected on 32% of the monitored patients. No postoperative
nerve injuries were registered on the monitored patients compared to a
5,7% of nerve injuries in those who were not monitored. In our study,
50% of the patients presented abnormalities during the intraoperative
registration, forcing the surgeon to introduce variations in the surgical
technique to correct the anomalies.

Therefore, in line with the results of previous studies we consider that
intraoperative neurophysiological monitoring is a tool that alerts the
surgeon of the existence of nerve suffering and allowing the surgeon to
adapt she surgical maneuvers to decrease such suffering and minimize
postoperative injuries. Finally, only one postoperative sciatic nerve
lesion was recorded (12.5%) in relation to the ischemia that occurred
secondary to a vascular injury. The high percentage of alterations in the
intraoperative registry (50%) is due to the greater complexity of the
surgical procedures performed and the proximity of some tumoral
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lesions to the vascular and nerve structures of the lower limb. These
circumstances support the importance of the use of intraoperative
monitoring in prosthetic reconstruction surgeries after large tumoral
resections.

As to the intraoperative maneuvers Black et al experienced a decrease in
the amplitude or increased latency in 18 of 100 patients with SSEP
monitoring during hip replacement either while the reaming of the
femoral canal or while reducing the prosthesis [18]. In our study 3 of the
4 alterations that were registered occurred during the reduction of the
prosthesis. It therefore seems that the prosthesis reduction maneuver is
crucial when it comes to generation of postoperative nerve injury. An
excessive traction of the limb that generates nervous suffering can be
detected by alterations in the neurophysiological register. This permits
the surgeons to adapt the selection of prosthetic components (different
neck lengths) in order to achieve a balance in which adequate stability
of the prosthesis does not compromise the nerve structures.

Another fact to consider is that during large tumoral resections there are
more nerve structures at risk than in hip revision surgery. Most of the
studies published only perform sciatic nerve monitoring through
somatosensory evoked potentials. Sutter et al monitored the femoral
nerve on the vastus medialis and used stimulated electromyography as
an auxiliary tool to identify nerve structures in the surgical field [17]. In
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every case of this study we have monitored intraoperatively the sciatic
nerve terminal branches (AH, PE, TE and GE) and femoral nerve
terminal branches (VM, VL and RF). There was a continuous
electromyography register during the surgery and a stimulated register
in the surgical field which allows a complete monitoring of the nervous
structures of the lower limb that increases the sensitivity in detection a
possible nerve injury. The benefits of the neurophysiological monitoring
of motor and somatosensory evoked potentials have been well described
as a method of prevention and prediction of nerve injuries [3, 17, 18].
However, this is the first study with a complete lower limb monitoring
with MEP and SSEP, continuous electromyography and stimulated
electromyography in large tumoral resections. We consider that it is a
useful tool that permits registration of nerve injuries in real time and
therefore recommend its use in order to predict and prevent postoperative
nerve complications.

Conclusion

Intraoperative neurophysiological monitoring is a very useful resource
in large oncologic resections, allowing detection of nerve injuries due to
nerve manipulation or excessive limb traction during reconstruction. The
use of somatosensory evoked potentials allows the surgeon to predict
and minimize the risk of relevant postoperative nerve complications.
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