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Abstract. In order to evaluate the effect of different doses 
of penehyclidine hydrochloride (penehyclidine) on heart rate 
(HR) and HR variability (HRV) in hysteroscopy, 180 patients 
(American Society of Anesthesiologists grade  I‑II) were 
randomized equally to three groups: 0.5 mg penehyclidine 
and intravenous anesthesia (group I), 1.0 mg penehyclidine 
and intravenous anesthesia (group II) and saddle anesthesia 
combined with intravenous anesthesia (control group). HR and 
HRV, including total power (TP), low‑frequency power (LF), 
high‑frequency power (HF) and the LF to HF ratio (LF/HF), 
were recorded prior and subsequent to the induction of anes-
thesia (T0 and T1, respectively), following the start of surgery 
(T2) and following completion of surgery (T3). HR was lower 
at T2 than at T0 in the control patients, but no differences were 
observed in groups I and II. The HR at T2 was increased in 
group II compared with that in group I. TP in group II was 
significantly higher compared with that in group I at T2. At 
T1 and at T2, the LF and HF values were lower in group I than 
those in the controls. Patients in group II also had higher LF 
and HF at T2 than patients in group I. The HF was higher at 
T2 than that at T0 in the controls; however, the HF and LF did 
not change significantly within groups I and II. No significant 
differences were observed in the LF/HF ratio among the three 
groups. At a dose of 0.5 mg, penehyclidine stabilized HRV 
and did not alter the autonomic nervous modulation of HR. 
A penehyclidine dose of 1.0 mg may be superior to a dose of 
0.5 mg in maintaining HR, but is less effective at balancing 
sympathetic and parasympathetic activity.

Introduction

It is well accepted that the pre‑operative administration of 
anticholinergic drugs can prevent adverse consequences 
of autonomic nervous system imbalance during surgery. 
Penehyclidine hydrochloride (penehyclidine) is a long‑acting 
cholinergic receptor blocker manufactured in China (1). The 
main anesthetic mechanism of penehyclidine is selective 
blocking of central and peripheral M1 and M3 muscarinic 
acetylcholine receptors and N1 and N2 nicotinic acetylcholine 
receptors, without obvious effect on the M2 receptors distrib-
uted in the heart or presynaptic nerve membranes (1‑3). The 
inhibition of M1 and M3 receptors leads to the direct inhibi-
tion of parasympathetic nerve effects and reflexive regulation 
of sympathetic nerves, thus stabilizing autonomic nerves 
and resulting in a central sedative effect  (4). N1 receptors 
are responsible for modulating the release of neurotransmit-
ters from neurons (5). The activation of N2 receptors results 
in muscle depolarization, the induction of action potentials 
and muscle contraction  (5); therefore, blockade of N1 and 
N2 receptors leads to the inhibition of the overexcitation of 
autonomic nerves, and muscle relaxation. The activation of 
M2 receptors could modulate heart rate (HR) by affecting the 
conduction of electrical impulses through the atrioventricular 
node (6). Penehyclidine has been demonstrated to exert little or 
no effect on M2 receptors (2,7,8) in rats and humans, and thus 
has little influence on HR.

Spectral analysis of the electrocardiogram is a non‑inva-
sive approach to monitor the sympathetic and parasympathetic 
outflow in various clinical situations (9). It has been demon-
strated that HR variability (HRV), the slight fluctuation of 
the R‑R interval between consecutive heartbeats, can be 
used to assess the autonomic control of the heart (10). HRV 
has great potential to detect cardiac sympathetic and vagus 
nervous system fluctuations (11), as well as to evaluate the 
influence of anticholinergic drugs  (12). Among the HRV 
indices, total power (TP) represents the total power of the 
autonomic nervous activities; low‑frequency power (LF), 
the frequency range from 0.04 to 0.15 Hz, demonstrates the 
sympathetic alteration of HR and, to a lesser extent, indicates 
parasympathetic activity; high‑frequency power (HF), the 
frequency range from 0.15 to 0.45 Hz, is a measure of vagal 
nerve activity (13,14). The LF/HF ratio indicates the balance 
of sympathetic and parasympathetic activities (10,13,14). An 
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elevated LF/HF ratio reflects enhanced sympathetic activity, 
while a low ratio indicates parasympathetic nerve activity.

The objective of the present study was to explore the effect 
of different doses of penehyclidine on sympathovagal balance, 
as determined by HRV, in patients undergoing gynecological 
hysteroscopic surgery.

Materials and methods

General information. Following approval from the Ethics 
Committee of Jilin University (Changchun, China; clinical 
trial registration no. H20020606), 180 patients undergoing 
gynecological hysteroscopic surgery [American Society of 
Anesthesiologists (ASA) grade  I‑II] were enrolled in this 
prospective study conducted between January and September 
2012 at the First Hospital of Jilin University (Changchun, 
China). Informed consent was obtained from each patient. 
Patients with elevated body temperature, contraindication 
to saddle anesthesia, allergy to cholinergic drugs, history of 
glaucoma, liver or kidney dysfunction, an estimated blood loss 
of >600 ml during surgery and patients who were undergoing 
treatment with other anticholinergic drugs were excluded from 
this study.

Anesthesia methods. Subsequent to obtaining venous access, 
the patients were administrated sodium chloride solution 
prior to anesthesia. The patients were randomly divided 
into three groups (n=60/group): Penehyclidine 0.5  mg 
(group I), penehyclidine 1.0 mg (group II) or saddle anes-
thesia (control). Randomization was performed using sealed 
envelopes containing computer‑generated random numbers. 
Penehyclidine (Force Fest Pharmaceutical Co., Chengdu, 
China) was administered intravenously 10 min before the 
induction of anesthesia. The control patients were given 
0.8 ml 0.5% bupivacaine (Wellhope Pharmaceutical Co., Ltd., 
Shanghai, China) intrathecally. All patients were administered 
midazolam (2 mg; Jiangsu Enhua Pharmaceutical Co., Ltd., 
Xuzhou, China) and fentanyl (1 µg/kg; Yichang Humanwell 
Pharmaceutical Co., Ltd., Yichang, China) prior to the start of 
surgery. Propofol (4‑6 mg/kg/h; Libang Pharmaceutical Co., 
Ltd., Xi'an, China) was injected continuously during surgery. 
A single dose of fentanyl (0.05 mg) was used when necessary. 
The ambient temperature was maintained at 20‑25˚C.

HRV analysis. HRV was measured and recorded prior to 
the initiation of anesthesia (T0), following the induction of 
anesthesia (T1), at the start of surgery (T2) and following the 
completion of the surgery (T3). HR was monitored continuously 
using a multifunctional compact patient monitor (M8004A; 
Philips Medizin Systeme Böblingen GmbH, Böblingen, 
Germany). An HXD‑I multi‑function monitor (Huaxiang Co., 
Harbin, China) was used to monitor other parameters of HRV. 
Spectral analysis of HRV was performed following the manu-
facturer's instructions. HRV was assessed in classic frequency 
bands, including TP, LF (0.04‑0.15 Hz), HF (0.15‑0.45 Hz) and 
the ratio of LF to HF (LF/HF).

Statistical analysis. All data are expressed as the 
mean ± standard error of the mean for parametric variables 
with confirmed normality. Data were analyzed using SPSS 

statistical software version  13.0 (SPSS Inc., Chicago, IL, 
USA) and Prism 4.0 (GraphPad Software, Inc., San Diego, 
CA, USA). One‑way analysis of variance (ANOVA) and the 
Mann‑Whitney U and Fisher's exact tests, as appropriate, were 
used to compare general patient information. Two‑way ANOVA 
with repeated measures (inter‑group comparisons) and one‑way 
ANOVA (intra‑group comparisons) were used to determine the 
significance of differences in HR and HRV. Post hoc analysis 
was performed using the Bonferroni and Turkey tests. P<0.05 
was considered to indicate a statistically significant difference.

Results

Baseline characteristics. Patient baseline characteristics are 
shown in Table I. Sixty patients were enrolled in each group. 
No significant inter‑group differences were observed in age, 
weight, height, ASA classification or baseline HR, oxygen satu-
ration or systolic and diastolic blood pressure (P>0.05). Table II 
summarizes the HR and HRV data in the three study groups 
at different times. No statistically significant differences were 
observed among the three groups in the baseline (T0) HR and 
HRV variables, including TP, LF, HF and LF/HF.

Study data. Changes in HR observed in the study groups are 
shown in Fig. 1. No notable changes in HR were observed 
during surgery in either groups  I or  II; however, the HR 
was significantly lower at T2 than that at T0 in the control 
group (70.30±1.74 vs. 80.75±2.38, P<0.01), and the HR at 
T2 was significantly higher in group II than that in group I 
(77.15±2.43 vs. 67.85±2.32, P<0.05). No significant differ-
ences in HR were observed in groups I or II compared with 
the control group. No statistically significant differences in 
TP were observed between either group I or II and the control 
group (Fig.  2); however, the TP was elevated in group  II 
compared with that in group I at T2 (9,895.51±5,385.66 vs. 
3,001.14±586.05, P<0.01). The LF and HF values in group I 
were significantly lower compared with those in the control 
group at T1 (LF, 624.84±153.66 vs. 1,996.14±329.25, P<0.01; 
HF, 587.59±153.26 vs. 1,984.14±297.27, P<0.05) and T2 (LF, 
711.47±135.92 vs. 1,813.89±296.82, P<0.05; HF, 994.81±262.35 
vs. 2,977.37±523.46, P<0.001). Furthermore, the patients in 
group II had higher LF and HF values at T2 than the patients 
in group I (LF, 2,118.955±492.60 vs. 711.47±135.92, P<0.01; 
HF, 2,738.22±585.43 vs. 994.81±262.35, P<0.05). The HF 
value was higher at T2 than that at T0 in the control group 
(2,977.37±523.46 vs. 885.87±198.48, P<0.01). The HF and 
LF values did not change significantly within groups I and II 
during the study.

No significant differences in the LF/HF ratio were observed 
among the three groups (Fig. 3); the ratio remained constant 
throughout the study. Despite the fact that no significant 
differences were found in the control group at different times, 
the LF/HF gradually decreased between T0 and T2, and then 
increased to the starting level. LF/HF was more stable, with 
little fluctuation, in groups I and II.

Discussion

The present study demonstrated that the pre‑operative 
administration of penehyclidine resulted in a more stable HR 
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following the induction of anesthesia and during surgery than 
the low‑dose spinal anesthesia combined with intravenous 
anesthesia administered to the control group. Within group I, 
the administration of 0.5 mg penehyclidine was followed by 
the stable evolution of HR and HRV parameters, including TP, 
LF, HF and LF/HF, over the whole study period. The adminis-
tration of 1.0 mg penehyclidine in group II resulted in higher 
TP, LF and HF values at the start of surgery compared with 
the values in group I. In the control group, the HF showed a 

significant increase at the start of surgery compared with the 
baseline HF level. At the completion of surgery, the HF had 
decreased to a level similar to the baseline. Compared with 
group I, the control group had markedly higher LF and HF 
values following the induction of anesthesia and during the 
surgery. All three study groups demonstrated stable LF/HF 
ratios, with only slight fluctuations observed in groups I and II.

Overall, prior to anesthesia, the activity of parasympathetic 
and sympathetic nerves, as indicated by the HF, LF and LF/HF, 

Table I. Demographic and baseline characteristics of the three study groups.

	 Group I	 Group II	 Group III	 P‑value

Age (years)	   48.45±2.96	   41.95±1.65	   39.25±2.76	 0.063
Weight (kg)	   57.85±1.74	   58.50±1.38	   60.50±1.90	 0.766
Height (cm)	 158.79±0.84	 158.65±0.89	 161.15±0.92	 0.251
Baseline HR (bpm)	   74.56±3.07	   75.95±2.49	   80.75±2.38	 0.179
Baseline SpO2 (%)	   98.55±0.32	   99.25±0.85	   99.10±0.19	 0.221
Baseline SBP (mmHg)	 137.50±3.68	 139.25±3.88	 126.30±7.53	 0.431
Baseline DBP (mmHg)	   96.25±16.42	   77.40±2.09	   80.0±2.11	 0.379
ASA status (n/%)				    0.187
  I	 22/36.6	 27/45.0	 32/53.3	
  II	 38/63.3	 33/55.0	 28/46.7	

n=60/group. Results are presented as the mean ± standard error of the mean, with the exception of ASA classification, where data are presented 
as the number/percentage. HR, heart rate; SpO2, oxygen saturation; SBP, systolic blood pressure; DBP, diastolic blood pressure; ASA, American 
Society of Anesthesiologists; T0, prior to the initiation of anesthesia; T1, following the induction of anesthesia; T2, at the commencement of 
surgery; T3, following the completion of surgery. 

Table II. HR and HRV analysis of the three groups at different time‑points. 

Parameter	 Group	 T0	 T1	 T2	 T3

HR (bpm)	 Group I	 74.65±3.07	 69.00±2.51	 67.85±2.32	 71.30±2.99
	 Group II	 75.95±2.49	 72.30±2.08	 77.15±2.43	 77.80±2.13
	 Control	 80.75±2.38	 77.80±2.35	 70.30±1.74	 77.00±2.01
TP (msec2/Hz)	 Group I	 2449.37±357.68	 2050.14±309.28	 3001.14±586.05	 1912.65±328.27
	 Group II	 4950.66±2069.66	 4040.75±1681.27	 9895.51±5385.66a	 2223.78±713.72
	 Control	 3217.81±606.84	 4478.49±438.04	 4961.22±662.26	 3116.45±671.18
LF (msec2/Hz)	 Group I	 649.47±121.62	 624.84±153.66b	 711.47±135.92a	 502.95±80.95
	 Group II	 1361.24±670.31	 1210.635±594.44	 2118.955±492.60	 484.62±123.20
	 Control	 1102.01±293.21	 1996.14±329.25	 1813.89±296.82a	 1100.96±314.10
HF (msec2/Hz)	 Group I	 648.89±130.67	 587.59±153.26b	 994.81±262.35a,b	 540.68±89.01
	 Group II	 1460.595±606.39	 813.35±127.63	 2738.22±585.43b	 705.84±208.88
	 Control	 885.87±198.48	 1984.14±297.27	 2977.37±523.46a	 1124.15±426.01
LF/HF	 Group I	 1.23±0.15	 1.11±0.13	 1.00±0.11	 1.17±0.21
	 Group II	 0.94±0.10	 0.94±0.11	 0.74±0.07	 0.76±0.08
	 Control	 1.34±0.21	 1.05±0.13	 0.71±0.08	 1.17±0.19

n=60/group. Results are presented as the mean ± standard. HR, heart rate; HRV, heart rate variability; TP, total power; LF, low‑frequency power; 
HF, high‑frequency power; LF/HF, the ratio of LF to HF; T0, prior to the initiation of anesthesia; T1, following the induction of anesthesia; T2, at 
the commencement of surgery; T3, following the completion of surgery. aP<0.05, compared with the control; bP<0.05, compared with group I; 
cP<0.05, compared with T0 within the same group.
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showed no inter‑group differences. All types of anesthetics 
can modulate hemodynamic status by blocking sympathetic 
output (15), and different anesthetic approaches can have a 
variety of effects on HRV and HR (16).

It is well known that pain and psychological stress may 
be associated with enhanced HR through the activation of 
the autonomic system (17‑19), and feasible pain control and 
anesthesia may modulate those adaptive responses (17,20,21). 
Saddle anesthesia, which is performed at the lowest block 
level of subarachnoid or spinal anesthesia, is widely used in 
gynecological surgery, including hysteroscopy (22,23). The 
combination of low‑dose saddle anesthesia and intravenous 
anesthesia, which improves intra‑operative management and 
the post‑operative quality of analgesia (13), is widely applied 
in gynecological surgeries in China (24); however, a common 
complication associated with spinal anesthesia is sinus brady-
cardia (25,26). Geffin and Shapiro (25) reported 12 cases of 
sinus bradycardia and asystole during spinal anesthesia, and 
the acute event appeared only 15 min after administering the 
anesthetic injection. Lesser et al (26) also reported >600 cases 
of bradycardia during neuraxial anesthesia, among which 
46 cases were severe (HR <40 bpm). A reduction in HR was 
also detected in the present study during the surgery. Despite 
the fact that no incident of bradycardia occurred, the potential 
risk with this approach should be noted. The occurrence of 
these complications may be due to an imbalance between the 
parasympathetic and sympathetic modulation of the HR (13). 
In the present study, penehyclidine, which is known to have a 
weak effect on M2 receptors (2), was administered pre‑opera-
tively. Upon the administration of 0.5 or 1.0 mg penehyclidine, 
no clinically significant changes in HR were observed, but 
1.0 mg penehyclidine was superior to 0.5 mg penehyclidine in 
maintaining HR during surgery.

The fluctuation of LF is associated with sympathetic 
activity, and represents the modulation of HR evoked by 
the parasympathetic arterial baroreceptor reflex  (10). LF 
is therefore affected by both parasympathetic and sympa-
thetic activities, particularly the modulation of sympathetic 
activity  (27). A significantly lower LF was observed in 
patients receiving 0.5  mg penehyclidine compared with 
those under spinal anesthesia both following the induction 
of anesthesia and during surgery. This decline suggests an 
attenuated response to sympathetic activation. It has been 
established that high‑intensity pain occurs with sympathetic 
activation (28); therefore, decreased LF may indicate effec-
tive pain control or a notable anti‑muscarinic effect of 0.5 mg 
penehyclidine (29).

Figure 1. Changes in HR (bpm) in the three study groups. #P<0.05, group II 
versus group I at T2; ssP<0.01, T2 versus T0 within the control group. Ctrl, 
control group; HR, heart rate; T0, prior to the initiation of anesthesia; T1, 
following the induction of anesthesia; T2, at the commencement of surgery; 
T3, following the completion of surgery. 

Figure 3. Changes in the LF/HF in the three study groups. No significant dif-
ferences were observed. Ctrl, control group; LF/HF, the ratio of low‑frequency 
power to high‑frequency power; T0, prior to the initiation of anesthesia; T1, 
following the induction of anesthesia; T2, at the commencement of surgery; 
T3, following the completion of surgery. 

Figure 2. Changes in TP, LF and HF (msec2/Hz) in the three study groups.  
*P<0.05, **P<0.01 and ***P<0.001, versus the control group; #P<0.05 and 
##P<0.01, versus group I (all inter‑group comparisons were performed at 
corresponding time‑points). ssP<0.01, T2 versus T0 within the control 
group. Ctrl, control group; TP, total power; LF, low‑frequency power; HF, 
high‑frequency power; T0, prior to the initiation of anesthesia; T1, following 
the induction of anesthesia; T2, at the commencement of surgery; T3, fol-
lowing the completion of surgery.
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Concomitant with the reduced LF in patients receiving 
0.5 mg penehyclidine, a parallel reduction in HF occurred. 
This result may reflect decreased vagal control of HRV in 
group  I patients compared with patients given low‑dose 
spinal anesthesia combined with intravenous anesthesia. 
This may be a consequence of the significant decline in 
respiratory sinus arrhythmia, which is the major component 
of the HF spectral band  (14). In contrast to the low HF 
of patients receiving penehyclidine, an elevated HF was 
observed in patients with spinal anesthesia. This elevation 
of HF was also observed by Hanss et al (30). The results in 
the study by Hanss et al demonstrated that the main cause 
of parasympathetic activity excitation was a reflexive shift 
to parasympathetic activity in response to the inhibition of 
sympathetic activity (30); however, the results of the present 
study revealed a parallel elevation of LF and HF. The exact 
mechanism of this phenomenon was not investigated in this 
study, but uncontrolled alterations in other factors, such as 
ambient temperature or noise, physical and psychological 
stress, or differences in ethnic background, may explain 
the discrepancies. Generally, anesthetics are assumed to 
suppress the autonomic system not only by depressing the 
excitatory sympathetic activity induced by surgery, but also 
by inhibiting parasympathetic activity (16,31). The results of 
the present study indicate that 0.5 mg penehyclidine, when 
combined with spinal and intravenous anesthesia, was more 
effective at accomplishing this than 1.0 mg penehyclidine.

The combined alterations of LF and HF resulted in an 
overall stable LF/HF ratio during the whole anesthetic period. 
In the control group, despite the fact that no significant 
difference was observed during the experimental period, it 
is possible that the LF/HF ratio may have been affected by 
saddle anesthesia, as the ratio declined gradually between T0 
and T2. It has been reported in patients undergoing trans-
urethral surgery that the LF/HF ratio decreased significantly 
following spinal anesthesia with bupivacaine regardless of 
the addition of fentanyl (13,32). The authors of these studies 
suggested that this spinal‑anesthesia‑associated reduction 
was the result of an imbalance in the sympathovagal system. 
Similar findings have also been reported in females sched-
uled for elective Cesarean section under spinal anesthesia 
with bupivacaine  (30). In the present study, an elevated 
baseline LF/HF ratio dropped during spinal anesthesia, and 
an attenuation of sympathetic activity was observed. These 
changes were not evident in the groups injected with either 
0.5 or 1.0 mg penehyclidine. These results suggest excellent 
maintenance of autonomic system balance by penehyclidine.

To the best of our knowledge, this is one of the few 
investigations of the effect of penehyclidine on HR and 
HRV indices; however, several limitations should be noted. 
Firstly, the exact role of HRV analysis remains controversial 
since it is unclear precisely what HRV measures. HRV may 
reflect the modulation of the HR by the sympathetic and 
parasympathetic systems, but it is not an accurate indicator 
of the absolute levels of autonomic activity  (33). Despite 
this, HRV is widely accepted as a useful tool to measure the 
effect of autonomic alterations on HR during anesthesia (34). 
A second limitation was that the mechanisms of autonomic 
modulation were not fully accounted for in this study. Other 
factors, including non‑neural mechanisms and psychological 

effects, could not be assessed by HRV signals (35). Thirdly, 
this study only measured the perioperative HRV alterations; 
thus, the long‑term effects of penehyclidine cannot be evalu-
ated. Finally, it is not known whether similar observations 
are likely to apply to patients undergoing other types of 
surgeries.

In conclusion, the present study demonstrates that 0.5 mg 
penehyclidine stabilizes potential fluctuations in HRV, without 
significantly altering the autonomic nerve modulation of HR. 
Penehyclidine at a dose of 1.0 mg may be superior to 0.5 mg 
penehyclidine in maintaining a stable HR, and reduces the 
incidence of bradycardia; however, the higher dose is less 
effective in maintaining sympathetic and parasympathetic 
balance.
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