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Paclitaxel has become part of standard therapy in the treatment of ovarian and breast cancer. Con- 
cern has been raised albout the effects of paclitaxel on cardiovascular function. Therefore, this study of 
the effects of paclitaxel on autonomic cardiovascular control was initiated. Eighteen women treated for 
ovarian or breast cancer were examined with autonomic cardiovascular function tests, once before 
the treatment and once after the second course of paclitaxel. Heart rate and blood pressure variabil- 
ity and changes in heart rate and blood pressure responses to the tests were measured. Baroreflex 
sensitivity was calculated from the Valsalva manoeuvre non-invasively. Paclitaxel did not change 
heart rate variability at rest compared with the pretreatment level. However, medium frequency 
variability of blood pjressure was smaller after treatment with paclitaxel. Paclitaxel treatment did 
not impair the heart rate and blood pressure responses to the autonomic function tests. The results 
do imply that paclitaxel alters sympathetic control of blood pressure. Nevertheless, paclitaxel does 
not appear to precipitate autonomic cardiac neuropathy. 0 1997 Elsevier Science Ltd. 
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INTRODUCTION 
PACLJTAXEL HAS become part of standard therapy in the 
treatment of advanced ovarian and breast cancer [ 1, 21. It is 
used both as single agent therapy and in combination with 
other cytotoxic drugs. Major side-effects of this taxane com- 
pound include neutropenia and peripheral neuropathy. 
There are some case reports on autonomic neuropathy pre- 
cipitated with paclitaxel [3], but the prevalence of auto- 
nomic neuropathy is unknown. It has been claimed that 
paclitaxel does not impair autonomic nervous control [4]. 
Paclitaxel has been shown to cause transient bradycardia 
and both atria1 and ventricular ectopic activity and conduc- 
tion disorders [5]. Further, a few cardiac deaths have been 
reported in association with paclitaxel. Some of these 
patients died of myocardial infarction [6] and other patients 
showed symptoms of congestive heart failure [7, 81. 
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Both cardiac arrhythmias and cardiac autonomic neuropa- 
thy are known to contribute to sudden cardiac deaths. 
Decreased heart rate variability, an early sign of autonomic 
neuropathy, often precedes the onset of fatal arrhythmias 
[9, lo] and is associated with increased mortality in dia- 
betics [l l] and in patients who suffer from cardiac diseases 
[ 121. Autonomic haemodynamic control can be assessed by 
measuring heart rate and blood pressure variability and by 
studying heart rate and blood pressure responses to auto- 
nomic cardiovascular function tests. Our goal was to study 
the effects of paclitaxel on autonomic cardiac control non- 
invasively. 

Patients 
PATIENTS AND METHODS 

Eighteen women treated for ovarian or breast cancer with 
paclitaxel were included in this study. Paclitaxel was given 
as single agent therapy in 14 cases, combined with cyclo- 
phosphamide in one case, and combined with cisplatin 
in three cases. The dose used per course was 90-200 
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Table 1. Patient characteristics Autonomic function tests 

Characteristics No. 
Controlled deep breathing, quiet breathing, orthostatic 

and Valsalva tests were used to assess autonomic cardiac 
control. No. of patients 

Breast carcinoma 
Ovarian carcinoma 
Peritoneal surface carcinoma 

Age (years) 
Median 
Range 

Prior cardiovascular disease 
Prior radiotherapy for breast cancer 

for left side breast cancer 
Prior anthracyclines 

Cumulative doxorubicin mg/ma 
(median/range) 
Cumulative epirubicin mg/ma 
(median/range) 

Metastatic sites 
Visceral 
Liver 
Lung 
Skeletal 

No. of organs involved 
1 
2 
3 

Prior peripheral neuropathy (WHO grade) 
0 
1 

Peripheral neuropathy after two paclitaxel 
courses (WHO grade) 

o-1 
22 

18 
10 
7 
1 

49 
38-74 

2 
8 
5 
14 

450/450 

360140-670 

10 
5 
3 

8 
10 

16 
2 

(median 170) mg/m2. Three patients given 90 mg/m2 pacli- 
taxel received cisplatin 60 mg/m2 concomitantly. The sub- 
jects were tested once prior to paclitaxel treatment and on 
the day after the second chemotherapy course except for 1 
patient who was tested 2 days after the second chemother- 
apy course. Patient characteristics are presented in Table 1. 
One of the patients suffered from hypertension and coron- 
ary disease, and one from hypertension prior to treatment. 
The rest of the patients had no cardiovascular diseases or 
medical history of relevance. Five out of 18 patients had 
received prior radiotherapy for their left-sided breast cancer. 
Fourteen patients had received prior therapy with anthracy- 
clines, the detailed doses are given in Table 1. The study 
was approved by the Ethics Committee of the Turku 
University Hospital and all participants gave informed con- 
sent. 

Data acquisition 
The ECG signal was recorded throughout the tests. 

Arterial blood pressure was measured non-invasively on 
beat-to-beat basis from the middle phalanx on the left 
middle finger with the Finapres@ finger-cuff method 
(Ohmeda Finapres 2300 BP monitor, Ohmeda Inc. 
U.S.A.). To avoid errors caused by hydrostatic pressure on 
blood pressure recordings, the left arm was fIxed with a 
bandage to the heart level on the front surface of the chest. 
The derived R-R intervals and blood pressure values were 
stored on-line in a microcomputer. Data acquisition and 
analysis were done with menu driven CAFTS@ software 
(Medikro OY, Finland) [ 131. 

The study session was started with the Valsalva ma- 
noeuvre, which was done three times with an interval of 2 
min. The subject was sitting and blew through a mouth- 
piece with an expiratory strain of 40 mmHg for 15 s. A 
small air leak in the mouthpiece prevented closure of the 
glottis and ensured that the expiratory pressure was trans- 
mitted into the chest. The Valsalva ratio, which reflects the 
magnitude of bradycardia, was calculated as the ratio of the 
longest R-R interval shortly after the strain to the shortest 
interval during the strain [14]. The tachycardia ratio was 
the ratio of the shortest R-R interval during the strain to 
the mean R-R interval before the strain [15]. Autonomic 
neuropathy causes a diminished heart rate response to the 
Valsalva manoeuvre [ 151. The highest Valsalva ratio and the 
lowest tachycardia ratio were used for statistical analysis, as 
these extreme values give the most reliable information and 
reflect the maximal autonomic capacity [ 161. 

Phase 4 of the Valsalva manoeuvre was used for analysis 
of baroreflex sensitivity. This is the time period after the 
strain, that contains an abrupt increase and overshoot of 
blood pressure and baroreflex-mediated bradycardia [ 171. 
The sequence for the slope analysis started after the strain, 
when the systolic blood pressure increased rapidly and 
ended at the first beat following the systolic blood pressure 
overshoot after the end of the strain. Baroreflex sensitivity 
was obtained by calculating the slope of the regression line 
of the R-R interval on systolic blood pressure. A linear re- 
gression analysis between R-R interval and systolic blood 
pressure was done. The slope of the regression line (R-R 
interval (i + 1) = baroreflec sensitivity*systolic arterial press- 
ure (2) + intercept) and the corresponding Pearson corre- 
lation coefficient were calculated [ 181. Only regression lines 
with a correlation coefficient >0.75 were accepted for analy- 
sis. The increases in R-R intervals, systolic, mean and dias- 
tolic blood pressures were calculated from the same area as 
baroreflex sensitivity. The Valsalva manoeuvre that yielded 
the baroreflex sensitivity index was used for statistical analy- 
sis. 

During the deep breathing test, the supine subject 
breathed as deeply as possible for four cycles at a rate of six 
breaths per minute. The 10 s rhythm was used to obtain 
maximal blood pressure and heart rate variabilities [ 191. 
The mean of the differences between the maximum and the 
minimum instantaneous heart rates was calculated (deep 
breathing difference). EI ratio was calculated as a ratio of 
the mean value for the longest R-R interval of each cycle to 
the mean values for the shortest R-R intervals of each cycle. 
The deep breathing test reflects parasympathetic cardiovas- 
cular control [20]. 

The heart rate and blood pressure were also recorded 
while the subject was breathing with her normal tidal 
volume for 5 min. The microcomputer sound generator was 
used to pace the breathing rhythm to 0.25 Hz. A stationary 
region, free from ectopic beats, was defined from the heart 
rate and blood pressure recordings. Mean R-R interval, 
heart rate, systolic, mean and diastolic blood pressure values 
were measured. Standard deviation of R-R interval and the 
root mean square of successive R-R interval differences 
(RMSSD) were calculated. These statistical measures of 
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Table 2. Heart rate and blood pressure variabilities during controlled breathing at rest 

Before paclitaxel After paclitaxel 
Mean (S.D.) Mean (S.D.) 

R-R intervals (ms) 689 (97) 762 (123) 
Systolic blood pressure (mmHg) 117 (23) 108 (12) 
Mean arterial (mmHg) pressure 83 (16) 74 (11) 

Diastolic blood pressure (mmHg) 66 (14) 57 (10) 
Spectral analysis of heart rate ,variability 

Total power 373 (316) 475 (485) 
Low-frequency power 211 (250) 188 (132) 
Medium-frequency power 48 (43) 50 (54) 
High-frequency power 83 (80) 213 (311) 
MF/HF ratio 120 (156) 54 (54) 

Spectral analysis of systolic blood pressure variability 
Total power 24.6 (18.7) 21.2 (16.5) 
Low-frequency power 16.4 (10.8) 15.9 (14.8) 
Medium-frequency power 4.1 (7.6) 2.1 (1.7) 
High-frequency power 3.9 (3.6) 3.0 (3.0) 
MF/HF ratio 172 (173) 110 (89) 

Spectral analysis of diastolic blood pressure variability 
Total power 6.1 (4.9) 3.8 (2.9) 
Low-frequency power 4.0 (2.8) 2.7 (2.5) 
Medium-frequency power 1.4 (2.2) 0.5 (0.4) 
High-frequency power 0.6 (0.5) 0.5 (0.5) 
MF/HF ratio 260 (207) 157 (212) 

MF/HF ratio, the ratio between medium-frequency and high-frequency power. *Statistically significant. 

P 

0.01* 
0.12 
0.07 
0.04* 

0.56 
0.98 
0.70 
0.16 
0.07 

0.76 
0.98 
0.48 
0.59 
0.35 

0.003* 
0.02* 
0.003* 
0.25 
0.03* 

R-R interval in time dom.ain reflect vagal impulses on the 
heart [21, 221. 

Power spectral densities were calculated from R-R inter- 
vals and blood pressure to gain more detailed information 
of sympathetic and parasympathetic control of the cardio- 
vascular system. Modified covariance autoregressive model- 
ling with a model order of 14 was used for spectral analysis. 
Power spectra were quantified in four frequency bands: 
total power, low-frequency power from 0.00 to 0.07 Hz, 
mid-frequency power from 0.07 to 0.15 Hz and high-fre- 
quency power from 0.15 to 0.40 Hz, Sympathovagal bal- 
ance was estimated by dividing the R-R interval and blood 
pressure power in the medium-frequency band by that in 
the high-frequency band [23]. 

In the orthostatic test the subject stood up after 2 min of 
supine rest and remained standing for 5 min. The immedi- 
ate, parasympathetically mediated heart rate change was cal- 
culated as the ratio of -he longest R-R interval to the 
shortest interval after standing up (max/min ratio) [24]. The 
difference between the peak heart rate immediately after 
standing up and the resting heat rate was calculated. This 
heart rate response is also mainly under vagal control [25]. 
To measure the sympathetic cardiovascular control differ- 
ence between resting and standing, heart rate and blood 
pressure were calculated after 30 s and after each full min- 
ute of standing. Standing lheart rate and blood pressure vari- 
abilities were calculated with spectral analysis as previously 
described. The time period analysed started after 1 min of 
standing. 

Statistical methods 

The baroreflex sensitivity index could only be reliably 
measured in 1008 subjects. The rest were not analysed 
because if extrasystoles or pathological blood pressure re- 
sponse to the manoeuvre. 

Wilcoxon test for pairs was used to analyse the data. The Valsalva ratios [1.47(0.35) versus 1.45(0.38), P= 0.711 
level of significance used was CO.05 The results are and tachycardia ratios [0.82(0.07) versus 0.81(0.08), 
expressed as mean f S.D. P = 0.741 were alike on both occasions. 

RESULTS 
The resting heart rate was higher, but the standard devi- 

ation of R-R intervals as well as RMSSD were unchanged 
after paclitaxel treatment. Systolic and mean blood press- 
ures did not decrease significantly, whereas the diastolic 
blood pressure was significantly lower after the second 
course of paclitaxel as compared to before treatment 
(Table 2). 

Heart rate and blood pressure variability during controlled 
breathing at 0.25 Hz 

Paclitaxel treatment did not affect heart rate variability 
either when measured with spectral analysis or in time 
domain. Standard deviation of R-R intervals [20(9) ms ver- 
sus 22( 10) ms, P = 0.71 and the root mean square of succes- 
sive R-R interval differences [ 13(8) ms versus 17( 12) ms, 
P = 0.21 were unaffected by paclitaxel. Variability of systolic 
blood pressure did not change, whereas there was a decrease 
in diastolic blood pressure variability after treatment with 
paclitaxel (Table 2). 

Deep breathing test 
The deep breathing difference did not change [12(7) bpm 

versus 15(9) bpm, P= 0.141, whereas the EI ratio 
[1.17(0.12) versus 1.24(2.0), P=O.O4] was higher after 
treatment with paclitaxel. 

Valsalva manoeuvre 
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Table 3. Heart rate and blood $ressure variabilities durikf standing 

Before paclitaxel After paclitaxel 
Mean (S.D.) Mean (S.D.) P 

R-R interval (ms) 
Systolic blood pressure (mmHg) 
Mean arterial pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Spectral analysis of heart rate variability 

Total power 
Low-frequency power 
Medium-frequency power 
High-frequency power 
MF/HF ratio 

Spectral analysis of systolic blood pressure variability 
Total power 
Low-frequency power 
Medium-frequency power 
High-frequency power 
MFEIF ratio 

Spectral analysis of diastolic blood pressure variability 
Total power 
Low-frequency power 
Medium-frequency power 
High-frequency power 
MF/HF ratio 

598 (96) 
128 (24) 

96 (16) 
80 (14) 

163 (157) 
107 (113) 

25 (24) 
18 (22) 

308 (352) 

17.8 (9.7) 
10.6 (6.5) 

5.0 (3.3) 
1.9 (1.4) 

353 (261) 

6.5 (3.6) 
3.3 (2.2) 
2.3 (1.9) 
0.8 (0.9) 

519 (441) 

678 (100) 0.004* 
133 (20) 0.33 

93 (13) 0.88 
75 (12) 0.6 

335 (281) 0.01* 
200 (147) 0.02* 

42 (40) 0.12 
75 (93) 0.009* 

136 (141) 0.01* 

21.5 (15.0) 0.43 
16.4 (13.1) 0.06 

3.0 (1.8) 0.03* 
1.7 (0.9) 0.84 

206 (139) 0.03* 

5.3 (2.2) 0.23 
3.9 (2.0) 0.16 
1.0 (0.6) 0.002* 
0.4 (0.2) 0.04* 

467 (416) 0.27 

MF/HF ratio, the ratio between medium-frequency and high-frequency power. *Statistically significant. 

Phase 4 of the Valsalva manoeuvre caused a similar 
increase in R-R interval [171(127) ms versus 155(193) ms 
P = 0.31, systolic arterial pressure [24( 14) mmHg versus 
24(9) mmHg, P= 0.91, mean arterial pressure [24(14) 
mmHg versus 24(9) mmHg P= 0.91 and diastolic blood 
pressure [l l(8) mmHg versus lO(4) mmHgm P= 0.61 
before and after paclitaxel treatment. Baroreflex sensitivity 
did not change significantly [7.2(4.6) ms/mmHg versus 
4.8(3.4) ms/mmHg, P= 0.241. Because of extrasystoles in 
phase 4 of the Valsalva manoeuvre, a lacking phase 4 or a 
correlation coefficient ~0.75, baroreflex sensitivity could be 
calculated in only 10 of the subjects tested. 

Orthostatic test 
The mean R-R interval at rest was higher after treatment 

with paclitaxel [774(109) ms) as compared to before 
[708(97) ms, P= 0.021. Treatment did not affect the systo- 
lic [113(23) mmHg versus 114(15) mmHg, P= 0.71, mean 
[81(17) mmHg versus 77(10 mmHg, P= 0.361 or diastolic 
[63(16) mmHg versus 58(9) mmHg, P= 0.351 blood press- 
ure. The max/min ratio [1.13(0.09) versus 1.17(0.15), 
P= 0.261 and instantaneous increase in heart rate [20(9) 
bpm versus 22(7) bpm, P= 0.231 were unchanged. The 
difference between standing and resting heart rate and 
blood pressure remained unchanged. 

Also when standing, the heart rate was lower after than 
before paclitaxel treatment. Blood pressure at standing 
remained unchanged. Total power, low-frequency power 
and high-frequency power of heart rate variability were sig- 
nificantly higher and the ratio beween medium-frequency 
and high-frequency variabilities was smaller after than 
before treatment. Medium-frequency power and the ratio 
between medium-frequency and high-frequency variabilities 
of systolic blood pressure were smaller compared to before 
paclitaxel. Medium- and high-frequency powers of diastolic 
blood pressure were also decreased (Table 3). 

DISCUSSION 
We studied the effects of paclitaxel on autonomic cardio- 

vascular control by measuring heart rate and blood pressure 
variability and the heart rate and blood pressure responses 
to various provocations non-invasively. The results suggest 
that paclitaxel treatment reduces blood pressure variability, 
particularly at the medium frequency area, but does not 
impair cardiac autonomic function. Other cytotoxic drugs, 
anthracyclines and vinca-alkaloids, are known to cause car- 
diac autonomic dysfunction as measured by heart rate varia- 
bility or heart rate and blood pressure responses to 
autonomic function tests [26-281. It has been suggested 
that autonomic dysfunction occurs before deterioration in 
ventricular ejection fraction [28]. 

Controlled deep breathing, quiet breathing, orthostatic 
and Valsalva tests are standardised and validated methods 
for studying autonomic function [29]. A battery of tests was 
used because it is needed to assess overall autonomic invol- 
vement [30]. Because of 16 out of 18 patients had no medi- 
cal history of relevance except for the malignancy, comorbid 
conditions did not disturb evaluation of the patients. 

Paclitaxel treatment did not impair vagally mediated heart 
rate responses to the cardiovascular function tests. Likewise, 
heart rate variability, as measured both with time domain 
and frequency domain methods, did not decrease after 
treatment. Further, the resting heart rate was lower during 
the second examination. These results indicate that pacli- 
taxel treatment is not associated with vagal neuropathy. 
Vagal neuropathy causes denervation of the heart and pre- 
disposes to cardiac arrhythmias and disorders of bowel 
motility. Our results are in agreement with a previous report 
that measured only short-term variability of the heart rate 
after at least six courses of paclitaxel with a dose of 135 or 
175 mg/m2 [4]. 

Blood pressure variability was decreased most significantly 
in the medium-frequency area. At rest, the decrease was 
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notable in diastolic blood pressure, whereas during standing 
the decrease was significant both in systolic and diastolic 
blood pressure. The fluctuation in blood pressure at this fre- 
quency is associated with sympathetic control of the vascu- 
lar system [3 11. At rest also, total and low-frequency power 
and the ratio between medium- and high-frequency power 
of diastolic blood pressu.re variability were smaller after 
paclitaxel treatment. These results suggest that paclitaxel 
treatment changes baroreflex function and sympathetic 
blood pressure control. Biaroreflex sensitivity, as measured 
from the Valsalva manoeuvre, was unchanged. However, 
the baroreflex sensitivity :index could be reliably measured 
in only 10 of 18 subjects studied. The rest were discarded 
because of exnasystoles or pathological blood pressure re- 
sponse to the manoeuvre. 

The ratio between medium-frequency and high-frequency 
power that reflects the balance between sympathetic and 
parasympathetic systems [23] was smaller after paclitaxel 
treatment. This further indicates a change in the sympath- 
etic control of blood circulation, since the results did not 
show any impairment in parasympathetic indices. Earlier, 
the effect of paclitaxel on sympathetic skin response has 
been studied. The skin response that evaluates function of 

postganglionic sympathetic fibres was reported to remain 
unchanged after paclitaxel treatment [4]. 

Paclitaxel has been described to cause orthostatic hypo- 

tension [3]. Our data did not show any change in the blood 

pressure response to orthostatic stress. However, our 
patients received only two courses of paclitaxel. Since neu- 
rotoxicity appears to be dsose-dependent it is possible that a 
larger dose of paclitaxel further impairs blood pressure con- 
trol and leads to orthoatatic hypotension. We chose to 
measure the effects of pa.clitaxel on cardiovascular control 
after the second chemotherapy course, since most cardiac 
deaths have followed the Jirst course of paclitaxel [6-8, 321. 
Previous treatment with anthracyclines does not seem to 
predispose cardiac neurotoxicity. However, our results do 
not reveal potential cumulative autonomic neurotoxicity of 
paclitaxel which has been reported to be non-cumulative 

[331. 
Currently, paditaxel treatment is not recommended for 

patients with recent myocardial infarction, symptomatic an- 
gina or cardiac failure [34]. Caution seems valid since our 
results showed changes in blood pressure control after pacli- 
taxel treatment. Sudden dleaths reported in association with 
paclitaxel therapy have been unpredictable. Results pre- 
sented in this study do nfot suggest that autonomic cardiac 
neuropathy precedes sudden cardiac deaths. 
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