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To investigate whether sodium restriction might 
replace thiazides in promoting blood pressure (BP) 
reduction by angiotensin-converting enzyme inhibi- 
tors, the long-term hemodynamic effect of lisinopril 
plus sodiim restriction versus lisinoprii plus hydro- 
chlorothiazide was compared at rest and during dy- 
namic exercise in 2 groups of essential hypsrten- 
sive patients. Mean pretreatment intraarterial BP 
at rest sitting was 177/107 mm Hg. The patients 
were randomly allocated to lisinoprii combined with 
either low salt diit (low salt group, n = 13) or hy- 
drochlorothiazide (diuretic group, n = 12). After 1 
year of treatment the mean dose of iisinopril was 
26 mg in both groups. in the low salt group sodium 
excretion was reduced from 166 to 129 mmoV24 
hours (p <O.Ol). In the diuretic group sodium ex- 
cretion was unchanged with a mean dose of hydro- 
chlorothiazide of 19 mg. BP was reduced (p 
<O.OOl) in both groups: at rest 16 and 21% and 
during exercise 10 and 13% in the low salt and the 
diuretic groups, respectively. Total peripheral resis- 
tance was reduced (p <0.06) in both groups: at rest 
14 and 7% and during exercise 8 and 5% in the 
low salt and the diuretic groups, respectively. Over- 
all cardiac output was reduced (p <0.06) in the diu- 
retic group but remained unchanged in the low satl 
group. Thus, lisinoprii-either in combination with 
a diuretic or sodium restriction-induces marked 
reduction in BP due to decreases in peripheral vas- 
cular resistance both at rest and during exercise. 
Lisinoprii plus low salt diet reduces the risk of un- 
wanted metaboEi effects and leads to more com- 
plete hemodynamic normalization than iisinopril 
plus a diuretic and should be preferred when this 
leads to satisfactory BP control. 
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S odium restriction and diuretic treatment activate 
the renin-angiotensin system both in normoten- 
sive subjects1*2 and in essential hypertensive pa- 

tients.1,3 Under these conditions the blood pressure (BP) 
becomes more dependent on either circulating4-7 or lo- 
cally produced8q9 angiotensin II. Although drugs that 
impair the conversion of angiotensin I to angiotensin 
II-the angiotensin-converting enzyme inhibitors-may 
control high BP in low renin as well as high renin hyper- 
tension,loJ 1 these compounds reduce BP more effective- 
ly after salt and volume depletion.12J3 Therefore, to en- 
hance the antihypertensive effect, a thiazide diuretic has 
often been added in clinical trials of converting enzyme 
inhibitors.12-1s 

The use of thiazide diuretics is associated with un- 
wanted metabolic effects.16J7 To reduce these and to 
avoid multiple drug regimens, we investigated whether 
sodium restriction might replace a thiazide to potentiate 
the antihypertensive effect of converting enzyme inhibi- 
tion in essential hypertensive patients, by comparing the 
hemodynamic effects of lisinopril18 either in combina- 
tion with moderate sodium restriction or hydrochloro- 
thiazide. 

During physical exercise BP is increased by stimula- 
tion of the sympathetic nervous system.19v20 Thus, it has 
been suggested that converting enzyme inhibitors might 
lower BP less during exercise than rest.21 The hemody- 
namic measurements were therefore performed at rest 
and at 3 levels of steady state bicycle exercise. 

METHODS 
Patients: The study protocol was approved by the 

Norwegian State Drug Control and the Regional Ethi- 
cal Committee. All patients gave informed consent to 
participate in the study. Twenty-five actively working 
men aged 33 to 68 (mean 51 f 9) years with mild 
or moderate hypertension (World Health Organization 
stage I or II) were recruited from the Hypertension 
Outpatient Clinic, Medical Department A, of the 
Haukeland Hospital in Bergen. Diastolic BP ranged be- 
tween 100 and 120 mm Hg on at least 3 outpatient 
visits before the patients entered the study. Secondary 
hypertension was ruled out by conventional laboratory 
tests. The mean body weight was 84.8 f 11 .O kg, height 
1.80 f 0.05 m and body surface area 2.03 f 0.13 m2. 

Hemodynamics: Hemodynamic measurements were 
performed at rest supine and sitting and during steady 
state (after 6 to 8 minutes) bicycle exercise at 50, 100, 
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TABLE I Hemodynamic Effects of Lisinopril Plus Sodium Restriction at Rest and During Exercise in Essential Hypertension in 13 
Patients 

Rest Supine Rest Sitting 50 Watts 100 Watts 150 Watts 

B A B A B A B A B A 

VOz (min-l m+) 167 161 587 598 872 899 1,257 1,272 
SD 25 14 43 131 102 127 131 202 
Change (%) -4 2 3 1 
HR (beats/min) 67 66 72 71 104 101 129 127 157 154 
SD 10 12 13 13 10 13 18 15 15 18 
Change (%) -2 -2 -3 -2 -2 
SI (ml stroke-l m-3 44 44 34 35 48 50 50 51 49 49 
SD 6 6 4 6 5 4 2 5 10 10 
Change (%) 0 3 3 2 0 
Cl (liters/min m-*) 3.0 2.9 2.5 2.5 5.0 5.0 6.3 6.4 7.5 7.4 
SD 0.5 0.6 0.5 0.5 0.6 0.6 0.8 0.7 1.3 0.9 
Change (%) -3 0 0 2 -1 
SAP (mm Hg) 158 134 171 147 190 172 198 184 218 204 
SD 10 15 12 18 10 16 15 18 23 26 
Change (%) -15* -14* -10’ -7* -6” 
DAP (mm Hg) 95 78 103 88 104 92 108 95 117 107 
SD 5 8 7 10 7 9 9 9 13 14 
Change (%) -18* -15* -12* -12% -9* 
MAP (mm Hg) 118 99 129 110 139 123 144 128 159 144 
SD 5 10 6 12 8 13 11 12 18 21 
Change (%) -17* -15* -12* -11* -9+ 
TPRI (dynes s cmT5 m*) 3,297 2,837 4,347 3,741 2,262 2,067 1,854 1,664 1,757 1,649 
SD 611 552 806 742 311 351 308 229 486 345 
Change (%) -14 -14 -9 -10 -6 

* p <0.05; t p <O.Ol; * p <O.ool. 
A = after: B = before 1 year of treatment; Cl = cardiac index; DAP = diastolic arterial pressure; HR = heart rate; MAP = mean arterial pressure; SAP = systolic arterial pressure; SD 

= standard deviation; SI = stroke index; TPRI = total peripheral resistance index; VOn = oxygen consumption. 

and 150 watts. All patients were able to bicycle at the 3 
work levels, but because of exertion 2 patients did not 
complete the highest level. The measurements were 
made on an outpatient basis between 9 and 12 A.M. in a 
quiet laboratory after a light breakfast (1 glass of juice 
and 2 slices of bread). Intraarterial pressure was mea- 
sured continuously through a thin (0.9 mm) polyethyl- 
ene catheter in the brachial artery. The mean arterial 
pressure was obtained by electrical damping of the pres- 
sure curve. An average of 40 cardiac cycles was used for 
each pressure measurement. Heart rate was recorded on 
the electrocardiogram. Cardiac output was measured in 
duplicate by Cardiogreen@ and oxygen consumption 
was measured by the Douglas bag technique. Beckman 
gas analyzers were used for oxygen and carbon dioxide 
measurements. Cardiac index, stroke index and total pe- 
ripheral resistance index were calculated by convention- 
al formulas. The hemodynamic methods have been de- 
scribed in more detail elsewhere.22 As shown previously, 
the long-term reproducibility of these methods is high.23 

Extracellular fluid volume was measured by radio- 
sulfate dilution and plasma volume by iodinated human 
serum albumin. Blood volume was calculated from plas- 
ma volume and central venous blood packed cell vol- 
ume. The interstitial fluid volume was calculated as ex- 
tracellular fluid volume minus plasma volume. Sodium, 
potassium, creatinine and urate concentrations of plas- 
ma and urine samples were determined by standard lab- 
oratory methods. 

Protocok After the Brst hemodynamic study the pa- 
tients were randomly allocated to 2 groups receiving ei- 
ther lisinopril plus moderate low salt diet (low salt 
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group) or lisinopril plus hydrochlorothiazide (diuretic 
group). Lisinopril was administered in an initial dose of 
20 mg daily, increasing to 40 mg daily after 2 weeks if 
the treatment goal (sitting BP 1140/90 mm Hg) had 
not been reached. 

The 13 patients in the low salt group were instructed 
to reduce daily sodium intake by decreasing table salt, 
avoiding salt in cooking and also avoiding canned and 
presalted foods. This was calculated to lower daily sodi- 
um intake to approximately 120 mmol. The 12 patients 
in the diuretic group were given 12.5 to 25 mg hydro- 
chlorothiazide daily in addition to lisinopril. No dietary 
changes were recommended for these patients. All pa- 
tients were then seen in the outpatient clinic at 4- to 8- 
week intervals for BP measurements and quantitation of 
daily sodium intake by measurements of 24-hour sodi- 
um excretion, Creatinine excretion was used to evaluate 
the completeness of urine samples. 

After a treatment period of 8 to 16 (mean 11) 
months, the hemodynamic study was repeated. The pa- 
tients took the regular morning dose at 7 A.M. and the 
hemcdynamic measurements were performed between 9 
and 12 A.M. 

Statistics: Results are presented as mean f 1 stan- 
dard deviation for each group. Within groups the statis- 
tical significance of differences was tested by the Stu- 
dent t test for paired samples. Between groups the dif- 
ferences were tested by analysis of variance. 

RESULTS 
At the first hemodynamic study all subjects had an 

increased total peripheral resistance index, at rest sitting 



averaging 4,372 dynes s crne5 m2, The mean intraarteri- 
al pressure was 177/ 107 mm Hg, cardiac index 2.50 
liters/min m2 and heart rate 72 beats/min. The control 
BP tended to be higher in the diuretic than in the low 
salt group but this difference was not statistically signif- 
icant (Tables I and II). 

Casual blood pressure and side effeetsr Casual sys- 
tolic BP at rest sitting was reduced by 120 mm Hg, 
and diastolic BP by 115 mm Hg, in all but 2 patients in 
each group. In the low salt group the BP was reduced 
from an average of 169/ 106 mm Hg after the control 
period to 138/85 mm Hg (p <O.OOl) after 1 year of 
active treatment (Figure 1). In the diuretic group the 
BP was reduced from 180/110 to 134/87 mm Hg (p 
<O.OOl). The mean daily dose of lisinopril was 25 mg in 
both groups and the mean dose of hydrochlorothiazide 
in the diuretic group was 19 mg. There were no serious 
side effects. Three patients reported mild dizziness and 
2 had dry coughs. Two patients (1 in each group) com- 
plained about impotence but after dose reduction (lisin- 
opril for the patient in the low salt group and hydro- 
chlorothiazide for the patient in the diuretic group) the 
problem disappeared. All 25 patients completed the 
study. 

Hemodynamics: The main results are shown in Fig- 
ures 2 and 3 and Tables I and II. There were no signifi- 
cant changes in oxygen consumption after treatment. 

Low salt group: Overall the intraarterial systolic and 
diastolic pressures were reduced by 14 to 18% at rest 
and by 6 to 12% during exercise, respectively. In 11 pa- 
tients (85%) the intraarterial pressure at rest sitting was 
reduced to <160/95 mm Hg and in 3 patients (23%) to 
<140/90 mm Hg (Figure 4). 

The heart rate decreased slightly, on average by 1 
to 3 beats/min in the different situations, but these 
changes were not statistically significant. The stroke in- 
dex and the cardiac index also remained virtually un- 
changed, varying by <4% from the first to the second 
study. 

Total peripheral resistance index was reduced in all 
but 1 patient. On average the reduction was 14% at rest 
and between 6 and 10% during exercise (F = 15.5; p 
<O.OOl). 

Diuretic group: The mean intraarterial pressure was 
reduced in all situations. At rest sitting the intraarterial 
pressure was reduced to <160/95 mm Hg in 9 patients 
(75%) and to <140/90 mm Hg in 6 (50%) (Figure 4). 
The mean BP reduction was 21 to 23% at rest and 9 to 
18% during exercise. 

The heart rate was reduced by an average of 3 to 7 
beats/min in the different situations (statistically signif- 
icant in the rest supine and sitting positions only). A 
small but insignificant reduction was observed in stroke 
index, on average ranging between 1 and 3 ml/stroke/ 
m* in the different situations. Also, cardiac index was 
slightly reduced but only attained statistical significance 
(p <O.Ol) in the rest supine and sitting positions. By 
analysis of variance an overall reduction of cardiac in- 
dex was demonstrated (F = 9.5; p <0.05). 

The total peripheral resistance index was reduced in 
all but 3 patients at rest and all but 2 during exercise. 
The mean reduction (F = 4.3; p <0.05) was 6 to 8% at 

rest sitting and supine, and 3 to 9% at the different ex- 
ercise levels, respectively. 

Comparison of hemodynamic changes in the low 
salt and diuretic groups: Although the pretreatment BP 
of the diuretic group tended to be higher than in the low 
salt group (Figure 5), the BPS in the 2 groups were 
almost identical at the second hemodynamic study. 
Hence, the reduction of intraarterial pressure was great- 
er in the former group (F >4.3; p <0.05) (Figure 6). 

The responses of cardiac index were statistically sig- 
nificantly different between the 2 groups: while cardiac 
index in the low salt group remained unchanged after 1 
year it was reduced by 5 to 16% (F = 15.8; p <O.OOl) 
in the diuretic group (Figure 6). 

The overall changes in heart rate and stroke index 
after treatment were also statistically significantly dif- 
ferent in the 2 groups (F >5.8; p <0.05). 

The mean reduction of total peripheral resistance in- 
dex tended to be greater both at rest and during exer- 
cise in the low salt than in the diuretic group, but these 
differences were not statistically significant. 
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TABLE II Hemodynamic Effects of Lisinopril Plus Hydrochlorothiazide at Rest and During Exercise in Essential Hypertension in 12 
Patients 

150 Watts 
Rest Supine Rest Sitting 50 Watts 100 Watts (n = 10) 

B A B A B A B A B A 

VO? (min-’ m+) 164 164 597 603 907 a73 1.405 1,472 
SD 26 25 80 60 112 155 150 144 
Change (%) 0 1 -4 5 
HR (beats/min) 65 60 71 64 103 97 129 124 153 150 
SD 11 9 13 9 14 12 16 18 14 16 
Change (%) -8; -10s -6 -4 -2 
SI (ml stroke-l m-2) 48 45 36 35 54 52 54 52 56 54 
SD 8 9 7 7 8 8 8 9 7 8 
Change (%) -6 -3 -4 -4 -4 

yD(liters/min me2) 0.5 3.1 0.3 2.6 2.6 0.4 0.2 2.2 0.7 5.4 0.7 5.0 0.9 6.9 0.9 6.4 0.9 8.3 7.9 0.1 
Change (%) -167 -15+ -7 -7 -5 
SAP (mm Hg) 172 132 184 144 205 173 217 189 221 198 
SD 21 23 22 22 32 34 39 38 19 30 
Change (%) -23* -22* -16* -13* -10’ 
DAP (mm Hg) 100 78 112 88 114 93 116 100 118 107 
SD 7 13 8 11 15 14 19 18 7 17 
Change (%) -22* -21* -18’ -14’ -98 
MAP (mm Hg) 126 98 137 112 152 124 156 134 159 144 
SD 12 16 11 17 21 22 27 25 13 23 
Change (%) -22% -18% -18* -14+ -9+ 
TPRI (dynes s cmm5 m2) 3 387 3,121 

‘685 743 
4,399 4,126 2,269 2,068 1,837 1,765 1,531 1,487 

SD 773 938 427 431 428 460 202 349 
Change (%) -8 -6 -9 -4 -3 

* p <0.05; + p <0.01; * p <O.ool. 
Abbreviations as in Table I. 

TABLE III Lisinopril-Body Fluid Volumes 

ECF PV/IF 
(liters) Ratio 

Lisinopril t sodium restriction (n = 13) 
Control 88.0f 13.7 3,793 f 750 6,095 f 1,068 13.9f2.5 0.38 f 0.06 
Treatment 86.7 f 13.2 3,692 f 720 5,890 f 1,056 13.3f2.6 0.39 l 0.06 
Change (%) -2 -2 -3 -5 

Lisinopril t diuretic (n = 12) 
Control 81.4 f 5.8 3,974 f 469 6,297 f 770 13.7 4~ 2.8 0.42 f 0.07 
Treatment 80.0 f 6.9 3,828 f 721 5,998 f 1,305 12.6f1.7 0.44fO.13 
Change (%) -2 -4 -5 -8* 

* p <0.05. 
BWT = body weight; BV = blood volume; ECF = extracellular fluid volume; IF = interstitial fluid volume; PV = plasma volume. 
Values are mean f standard deviation. 

TABLE IV Lisinopril-Electrolyte Excretion and Plasma Concentration 

Plasma 
Concentration 

Na 
(mmol/liters) 

K 
(mmol/liters) 

Electrolyte 
Excretion 

Na 
(mmol/24 hours) 

K Na/K 
(mmol/24 hours) Ratio 

Lisinopril t sodium restriction (n = 13) 
Control 141.2 f 2.4 4.13 f 0.27 188f66 78zt26 2.41 f 1.31 
Treatment 138.8 rt 2.8 4.23 f 0.23 129f51 84f29 1.54zto.39 
Change (%) -2 2 -31+ 7 -0.87s 

(ratio) 
Lisinopril t diuretic (n = 12) 

Control 142.6 f2.9 4.09 f 0.38 205 f 33 74f30 2.73 f 0.69 
Treatment 139.2 f 3.2 4.04 f0.24 220*56 92f29 2.39f0.83 
Change (%) 2” -1 7 24 -0.34 

(ratio) 

l p <0.05; ‘p <O.Ol: *p <o.cKx. 
Na = sodium: K = potassium; SD = standard deviation. 
Values are mean & standard deviation. 
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Eody weight, body fluid volumes and ektrolyte 
excretion: Before treatment no significant differences 
were observed in body weight, body fluid volumes (Ta- 
ble III) or electrolyte excretion between the 2 groups 
(Table IV). After 1 year there were slight, insignificant 
reductions in body weight, plasma volume and blood 
volume in both groups. In the diuretic group the extra- 
cellular fluid volume was reduced by 1 .l liter (8%; p 
<0.05). In this group both sodium and potassium excre- 
tion at the second hemodynamic study were unchanged 
(Table IV) whereas in the low salt group the sodium 
excretion was reduced by an average of 59 mmol/day 
(32%; p <O.Ol). Although individual data showed varia- 
tion of sodium excretion during the trial, the mean sodi- 
um excretion was well below control throughout the 
treatment period (Figure 1). In the low salt group 
the urinary sodium/potassium ratio was reduced (p 
<O.OOl) while it was unchanged in the diuretic group. 
Plasma potassium concentration tended to be lower in 
the diuretic group (4.04 vs 4.23 mmol/liters, difference 
not significant) while the urate concentration was high- 
er (374 vs 339 pmol/liters; p <O.Ol). Except for a small 
reduction of serum sodium concentration (143 to 139 
mmol/liters; p <O.Ol) in the diuretic group, no signifi- 
cant changes occurred in serum concentrations of elec- 
trolytes or creatinine in any of the groups. 

DISCUSSION 
This study showed that long-term treatment with li- 

sinopril, both in combination with a low salt diet or hy- 
drochlorothiazide, effectively reduced BP at rest as well 

as during exercise in patients with essential hyperten- 
sion. The BP reduction was in the same order of magni- 
tude as seen with other converting enzyme inhibitors.12- 
15*24,25 By both treatment combinations, the BP lowering 
after lisinopril was associated with reduction of total pe- 
ripheral resistance index. However, total peripheral re- 
sistance was still higher than in normotensive subjects of 
similar age.22 The combination of lisinopril and diuretic 
also induced a small reduction in cardiac index. In the 
diuretic group plasma potassium concentration tended 
to decrease while urate concentration increased. The 
number of side effects were few, and no patient had to 
discontinue medication due to adverse effects. 

Blood pressure: The combination of lisinopril and 
moderate low salt diet adequately controlled the BP in 
about half the patients in the low salt group. However, 
the combination of lisinopril and hydrochlorothiazide 
reduced BP more effectively than lisinopril plus low salt 
diet (at rest 21 vs 16%). Although this difference is of 
doubtful clinical significance, the greater reduction in 
BP with lisinopril plus hydrochlorothiazide suggests 
that some patients not responding adequately to the 
combination of a converting enzyme inhibitor plus low 
salt diet might achieve better BP control in combination 
with a diuretic. To clarify this question further studies 
are required. However, since a diuretic implies risk of 
metabolic side effects, lisinopril plus low salt diet should 
be preferred when this leads to satisfactory BP control. 

Sodium and volume depletion by low salt diet and 
diuretic treatment stimulate renin production and acti- 
vate angiotensin II.im3 Under these conditions the BP 
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control becomes more dependent on the renin-angioten- present study the fluid volumes, in particular the extra- 
sin system. Hence, inhibition of this hormonal axis- cellular fluid volume, were reduced more impressively 
either by angiotensin II analog,26 converting enzyme in- after diuretic treatment than after reduction in salt in- 
hibitorsi2-I5 or renin antibodies27-reduces BP more ef- gestion. The tendency for greater BP reduction when 
fectively after contraction of body fluid volumes. In the lisinopril was combined with a diuretic than with a low 
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salt diet could, therefore, partly be due to greater reduc- mental and clinical studies it is well known that convert- 
tion of body fluid volume. As suggested for captopril, an ing enzyme inhibitors are potent venodilators.1° Hence, 
alternative mechanism could be late resistance to lisino- by 2 mechanisms-decrease in body fluid volume and 
pril.‘O A direct effect of thiazide diuretics on the arte- peripheral venous pooling-converting enzyme inhibi- 
rioles has been suggested as a mechanism of their hypo- 
tensive effect,3,28 but no additional decrease in total pe- 
ripheral resistance index seemed to occur in this study 
(Figure 3). Rest sitting 

The reduction of sodium intake in this study was 
small. However, this reduction in sodium intake is in Changes from control, 
agreement with our previous experience of what can be 
achieved on a long-term basis with low salt diet in pa- 
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tients with mild essential hypertension.29 When used as 
a monotherapy for hypertension, moderate sodium re- 
striction induced only a slight reduction in BP, and the 
total peripheral resistance index was not reduced. In the O- 
present study the combination of low salt diet and lisin- 
opril markedly reduced total peripheral resistance. 

Central hemodynamics: Total peripheral resistance 
index, which before treatment was markedly increased 
above norma1,22 was reduced by both regimens. The 
normalization of central hemodynamics was more com- 
plete with lisinopril plus low salt diet than lisinopril plus 
hydrochlorothiazide, with greater reduction of total pe- 
ripheral resistance index and no change in cardiac in- 
dex. However, these hemodynamic differences are mi- 
nor and their clinical significance unknown. 

In the group receiving lisinopril plus hydrochlorothi- 
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(Figure 6). Thus, from a hemodynamic point of view 
the greater reduction of BP in this group can best be 
explained by an additional effect on cardiac index. One nGuRE6.~effectsofBshopraphlsbwsodlum 
possible mechanism for the decrease in cardiac index in 
the diuretic group is the greater body fluid volume con- 
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tors and hydrochlorothiazide can reduce preload and 
thereby cardiac output. 

In the group receiving a diuretic in addition to lisino- 
pril a small reduction in heart rate, as well as in stroke 
index, contributed to the reduction in cardiac index. 
Similar heart rate responses have previously been re- 
ported from other studies on converting enzyme inhibi- 
tors.6JOJ2J5,24,25,30 Only after the first dose of a convert- 
ing enzyme inhibitor has a modest initial reflex tachy- 
cardia been described.10g31 It is thought that the lack of 
tachycardia after converting enzyme inhibition in spite 
of peripheral vasodilatation is due to parasympathetic 
stimulation.‘0J2*32 Because both converting enzyme in- 
hibitors33,34 and thiazides35 may interfere with sympa- 
thetic tone and reactivity to noradrenaline, the small re- 
duction in heart rate and stroke index seen in this study 
could be due to changes in sympathetic function. How- 
ever, further studies are needed to solve this problem. 

Exercise: This study also demonstrates that lisino- 
pril plus low salt diet or hydrochlorothiazide exerts good 
BP control during dynamic exercise. However, the BP 
reduction tended to be somewhat less at the greater 
workloads than under resting conditions. In both groups 
the hemodynamic mechanism for BP reduction during 
exercise was reduction of total peripheral resistance in- 
dex. In the diuretic group a slight decrease in cardiac 
index also contributed to the BP reduction. Only minor 
changes were seen in heart rate, and as in previous stud- 
ies on other converting enzyme inhibitors, both the 
heart rate and BP responses to exercise were unchanged 
after treatment.15T” Thus, the sympathetic reflex mech- 
anisms were undisturbed. 
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