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Persistent abnormal muscle 
response after microvascular 
decompression for hemifacial 
spasm
Li Xu, Wu Xu, Jing Wang, Yulong Chong, Weibang Liang* & Chengrong Jiang*

To explore the causes of persistent abnormal muscle response (AMR) after microvascular 
decompression (MVD) for hemifacial spasm (HFS) and the clinical outcomes of these patients. 
MVDs performed in Nanjing Drum Tower Hospital in 2017 were retrospectively studied, and 326 
patients with HFS were classified into two groups based on whether AMR disappeared or persisted 
following MVD. The clinical features, treatment efficacy and postoperative complications were 
compared between the two groups. 305 patients with disappeared AMR after decompression were 
classified as Group A. In Group B, the 21 patients exhibited persistent AMR after successful MVD. 
The preoperative duration of symptoms in Group B was significantly longer than that in Group A 
(P < 0.001), and no significant difference was identified between the two groups in terms of gender, 
side, age and offending vessels (P > 0.05). The immediate postoperative cure rate of Group A (88.9%)
was significantly higher than that in Group B (28.6%, P < 0.001), furthermore, the two groups 
were not different in the long-term outcome and the incidence of surgical complications (P > 0.05). 
The long preoperative duration of HFS patients may account for persistent AMR after successful 
decompression, and it is more likely for these patients to get delayed cured, the long-term outcomes 
showed no difference compared to those in patients with disappeared AMR after MVD.

Hemifacial spasm (HFS) refers to a cranial nerve disease characterized by involuntary contractions of muscles 
innervated by the ipsilateral facial nerve1. It could be secondary to compressive tumors or caused by demyelina-
tion, trauma, stroke, and Bell’s palsy2,3. For primary HFS, the most commonly proposed etiology is neurovascular 
compression (NVC) at the root exit zone (REZ) of the facial nerve, and nowadays, microvascular decompression 
(MVD) has now been suggested as an effective treatment4,5. Existing studies6–8 verified that abnormal muscle 
response (AMR) can help surgeons to identify the offending vessels, and its disappearance commonly indicates 
spasm free after decompression. However, not all the HFS patients showed AMR disappearance after success-
ful decompression, AMR may be residual in some patients even after adequate decompression of offending 
vessels1,9,10. In the present study, the clinical features, intraoperative findings of the patients who received MVD 
for HFS in our institution in 2017 were retrospectively analyzed. The major aim was to delve into the cause of 
persistent AMR after MVD and the clinical outcomes of these patients.

Materials and methods
Research population.  The study was approved by the Ethical Committee of Nanjing Drum Tower Hospi-
tal, and written informed consent was obtained from each subject before the study. All methods were carried out 
in accordance with approved institutional guidelines and regulations. In this study, 342 patients having under-
gone MVD for HFS at our institution in 2017 were retrospectively studied. All of these patients were diagnosed 
with primary HFS, besides, the surgery was performed under the electrophysiological monitoring of AMR. 16 
patients were excluded, including 13 patients exhibiting disappeared AMR before decompression and 3 who lost 
to follow up. Lastly, 326 patients were overall studied in this research. The patients fell into two groups based on 
whether AMR remained after successful decompression. Group A (305 cases): AMR showed a complete disap-
pearance after decompression. Group B (21 cases): AMR was not eliminated though satisfactory decompression 
had achieved (Fig. 1).

OPEN

Department of Neurosurgery, Nanjing Drum Tower Hospital Clinical College of Nanjing Medical University, 321 
Zhongshan Road, Nanjing 210009, Jiangsu, China. *email: neurosurgery12c@163.com; 32069015@163.com

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-020-75742-x&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2020) 10:18484  | https://doi.org/10.1038/s41598-020-75742-x

www.nature.com/scientificreports/

Decompression procedures and intraoperative AMR monitoring.  With the patients in lateral 
decubitus position, the suboccipital retrosigmoid approach was performed. After identifying the edge of the 
sigmoid sinus, the dura mater and the arachnoids were thoroughly opened under the microscope. Then, the REZ 
of facial nerve was full exposured, and every suspected offending vessel was separated from the facial nerve root 
with shredded Teflon implants. If the AMR was eliminated after the offending vessel was transposed, this study 
considered that adequate decompression was achieved. If AMR was reported to be persistent or reappeared 
following satisfactory decompression, the conflict site should be reexamined to verify that no offending vessels 
were misidentified nor missed. Subsequently, microsurgical procedures should be completed.

All the patients were general anesthetized with propofol, remifentanil, combined tracheal intubation. And 
general anesthesia was induced by using a short-duration muscle relaxant, no more muscle relaxant was admin-
istered after anesthesia induction. The evoked potential system (Xltek Protektor32, Natus, USA) was exploited to 
monitor intraoperatively for AMR in our institution. A square-wave stimulation under 0.2 ms pulse width and 
1 Hz frequency was employed. By stimulating the marginal mandibular branch of the facial nerve, AMR could 
be recorded from the orbicularis oculi and mentalis muscles. On the whole, a stable AMR could be recorded 
under a stimulation intensity of 5–20 mA. The AMR was evoked per 5 min before dual opening; after the dura 
mater was opened, the AMR was recorded continuously till the end of the operation1.

Statistical analysis.  The follow-up was carried out for all the patients by telephone communication or 
return visit in the period from 18 to 30 months (24.8 months on average), the outcomes and complications of 
the surgery were recorded. Statistical analyses were performed by using SPSS, version 22.0 (IBM, Armonk, NY). 
Data accorded with normal distribution and homogeneity of variance were compared by t test, and Chi-squared 
test, Fisher’s exact test were used to compare numerical variables. Statistical significance was defined at P < 0.05.

Results
Among the 326 patients recruited in this study, 305 exhibited disappeared AMR after decompression, and they 
were classified as Group A. In this group, the mean age was 52.9 ± 6.85 years, 169 (55.4%) were female, and 172 
of 305 (56.4%) developed left-sided symptoms; the mean duration before operation reached 23.4 ± 4.01 months. 
271 (88.9%) patients were cured immediately. Moreover, delayed resolution4 (2 days to 18 months after surgery) 
was identified in 32 (10.5%) patients. 2 (0.7%) patients did not develop spasm free after receiving surgery. 14 
(4.6%) cases of postoperative cranial nerve complications were observed, including 11 patients of facial paralysis, 
1 of hoarseness and 3 of hearing loss. Complications were defined as permanent if they continued until the last 
follow-up. In this group, except for 1 patient developing permanent facial palsy, the other patients were recovered 
at the follow-up period. And, we observed 3 cases of recurrence in this group.
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Figure 1.   Number of patients and corresponding change of AMR.
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In Group B, AMR persisted in the 21 patients though adequate decompression had been achieved. 10 (47.6%) 
of the 21 patients were women, and the mean age was 55.3 ± 6.32 years. 8 (38.1%) patients were left-sided HFS, the 
mean duration before operation was 39.8 ± 9.63 months. After surgery, 6 (28.6%) patients achieved complete relief 
of HFS. There were 14 (66.7%) cases of delayed resolution, and the patients were completely cured 7 to 310 days 
after the surgery. 1 (4.8%) patients were not ameliorated till the end of follow up. There were 2 cases of transient 
facial palsy, no other cranial nerve complications were observed in this group. At the end of follow up,1 patient 
had a relapse. All the patients of the two groups had no deaths, strokes, cerebellar hematomas or infections.

After Analyzing the data with SPSS Statistics version 22.0, we found that the preoperative duration of symp-
toms in Group B was significantly longer than that in Group A (P < 0.001), and no significant difference was 
identified in terms of age, gender, affected side and offending vessels (P > 0.05) between the two groups (Table 1). 
Group A (88.9%) had a significantly higher immediate postoperative cure rate than Group B (28.6%, P < 0.001), 
whereas the two groups were not different in the long-term outcome (P = 0.068 > 0.05), demonstrating that 
patients in Group B were more likely to experience delayed resolution (Table 2). Furthermore, there was no sta-
tistically significant difference in postoperative and long-term complications between the two groups (P > 0.05) 
(Table 2).

Discussion
Nowadays, microvascular decompression is recognized as an effective treatment for HFS. AMR, initially proposed 
by Moller and Jannetta in 1980s, is an abnormal electromyographic response characteristic of HFS patients11. It 
may help distinguish the disease from other facial movement disorders like Meige Syndrome, blepharospasm, 
neuromyotonia12,13. If AMR disappeared after the suspected offending vessel was moved or separated from the 
REZ of facial nerve during surgery, it could be regarded as the responsible vessel, and the patient would be more 
likely to achieve spasm free. Otherwise, the surgeon may misidentify or miss the exact offending vessels. Thus, 
AMR disappearance is considered as an indicator of adequate decompression. Moreover, previous studies6,7,14,15 
proved that the disappearance of AMR after decompression was significantly associated with good outcomes.

However, not all the patients exhibited AMR disappearance after receiving successful decompression. Thiru-
mala et al.14 reported that 40 (13.7%) of 293 HFS patients presented persistent AMR after surgery. Huang et al.16 
studied 1138 patients with hemifacial spasm, and AMR did not disappeared in 72 (6.3%) cases 1 day after MVD, 
even after 1 year follow-up, AMR still could be evoked in 34 (3.0%) patients. According to existing studies14,17–20, 
the percentage of persistent AMR after MVD was from 3.1 to 25.6%. In present study, there were 21 (6.4%) 
patients who had underwent sufficient decompression, and every vessel relevant to the facial nerve was moved 

Table 1.   Clinical characters and offending vessels of two groups.

Group A (n = 305) Group B (n = 21) P value

Gender (male/female) 136/169 11/10 0.490

Side (left/right) 172/133 8/13 0.103

Mean age (years) 52.9 ± 6.85 55.3 ± 6.32 0.120

Mean duration (months) 23.4 ± 4.01 39.8 ± 9.63 < 0.001

Offending vessels

AICA 113 (37.0%) 8 (38.1%)

0.670

PICA 84 (27.5%) 5 (23.8%)

AICA + PICA 27 (8.9%) 2 (9.5%)

AICA + VA 41 (13.4%) 3 (14.3%)

PICA + VA 32 (10.5%) 2 (9.5%)

VA 6 (2.0%) 0

AICA + PICA + VA 2 (0.7%) 1 (4.8%)

Table 2.   Postoperative and long term outcomes and complications of two groups.

Postoperative Long-term

Group A Group B Group A Group B

Surgical outcomes

Cured 271 (88.9%) 6 (28.6%) 300 (98.4%) 19 (90.5%)

Non cured 34 (11.1%) 15 (71.4%) 5 (1.6%) 2 (9.5%)

P value < 0.001 0.068

Complications

Yes 14 (4.6%) 2 (9.5%) 1 (0.3%) 0

No 291 (95.4%) 19 (90.5%) 304 (99.7%) 21 (100%)

P value 0.275 1
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away and no neurovascular compression could be identified. However, AMR did not disappear till the end of 
operation. As suggested by some existing studies, the regeneration of the demyelination of facial nerve or the 
stabilization of the facial motor nucleus cost some time, which might account for persistent AMR after adequate 
decompression21,22. By comparing the clinical features of the two groups, this study reported that the preopera-
tive duration of the patients exhibiting persistent AMR was significantly longer that of AMR-disappear patients. 
Thus, we believe that there was a significant correlation between AMR changes and preoperative duration of HFS.

For HFS patients, AMR disappearance after decompression usually correlates with better outcomes8,14,18, but 
persistent AMR does not always mean a poor outcome. Kong et al.21 reported 33 of 263 HFS patients showed 
persistent AMR after MVD, and 17 cases (51.5%) experienced spasm free 1 week later, at the 1-year follow-up 
examination, 22 cases (66.7%) suggested complete relief. In Some scholars’ research, all the patients exhibiting 
persistent AMR after decompression were free of spasms during the follow-up period22,23. In the present study, 
only 6 (28.6%) of the 21 patients had spasm free immediately after MVD. Compared with Group A, the immedi-
ate cure rate was significantly lower. But at the end of follow up, no significant difference was seen in long term 
outcomes. Therefore, we suggested that the patients exhibiting persistent AMR after decompression had a greater 
chance to get delayed resolution.

The concept of delayed resolution of HFS have been already accepted, and the delayed cure rate was about 
2.9–50.3%4,24. Though the exact mechanism of delayed resolution is debated, it has been demonstrated that 
the delayed resolution time was correlated with preoperative symptom duration5,25. According to previous 
studies4,5,16,25, we suggested that for the patients with a long preoperative duration, even though adequate decom-
pression has been achieved, the regeneration of the injured facial nerve or the stabilization of the facial motor 
nucleus still takes more time, there is a higher probability to present persistent AMR, and the patients were 
more likely to achieve delayed resolution. Moreover, the exact reason of delayed resolution and its relationship 
to AMR require in-depth study.

In this study, we observed 2 cases of facial paralysis in Group B, while in Group A, postoperative complications 
were observed in 14 patients. Statistically, no significant difference was identified in the postoperative and long 
term complications of the two groups (P > 0.05). We believe that if AMR disappeared after the offending vessel 
is transposed, the procedure should be finished, if AMR remains persist after decompression, the REZ of facial 
nerve should be reexamined rigorously, as an attempt to avoid misidentify or miss the exact offending vessels. If 
adequate decompression is confirmed to be achieved, the operations should be finished, in case of more frequent 
complications result from unnecessary manipulations.

Today, AMR monitoring is extensively applied in MVD for HFS patients, and considerable researches sug-
gested that AMR disappearance after decompression could significantly assess good outcome after MVD19–22. 
However, it should be stressed that the key to successful MVD is sufficient decompression, persistent AMR does 
not definitely predict a poor outcome. On the other hand, the sensitivity and accuracy of AMR may be affected by 
muscle relaxant and some Surgical instruments26,27. For this reason, there were some limitations of intraoperative 
AMR monitoring. It should not be regarded as an absolute standard to predict clinical outcomes.

Conclusion
The present retrospective study focused on the AMR changes of 326 HFS patients who received MVD, especially 
the 21 patients exhibiting persistent AMR after successful decompression. We believe that preoperative dura-
tion is correlated with AMR persistence after decompression, and these patients were more likely to experience 
delayed resolution. Whether AMR disappears after decompression is not correlated with the long term outcomes 
and surgical complications. For patients with persistent AMR, we suggest that surgeons should not perform any 
further exploration once sufficient decompression has been achieved.
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