
British Heart Journal, 1976, 38, 612-621

Effects of intravenous nitroglycerin on left
ventricular function and ST segment changes
in acute myocardial infarction1
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It has been shown previously that 30-minute infusions of intravenous nitroglycerin in patients with acute
myocardial infarction are able to lower left ventricular filling pressure and improve left ventricular function
while lowering mean arterial pressure by only 7mmHg (0.9 kPa). A decrease in EST in praecordial ST
segment mapping studies during nitroglycerin infusion in patients with anterior infarction suggested a decrease
in the extent of myocardial ischaemia. In the present study, 30 patients with acute myocardial infarction
received 1- to 3-hour infusions of intravenous nitroglycerin at infusion rates sufficient to lower mean arterial
pressure by an average of 22 mmHg (2.9 kPa). An improvement in ventricular function was noted in that
subgroup of patients with the most severe left ventricular dysfunction. All patients with anterior myocardial
infarction underwent serial ST segment mapping and, irrespective of the presence or absence of left ventricular
failure, showed a decrease in EST during nitroglycerin infusion (P<0.005). These findings suggest that
infusion of nitroglycerin improves left ventricularfunction and/or alters left ventricular compliance in patients
with left ventricular failure complicating myocardial infarction and furthermore decreases EST in all
patients, irrespective of the presence or absence of left ventricular failure, suggesting that the extent of myo-
cardial ischaemia is decreased.

Vasodilator therapy with infusions of nitroprusside the potentially harmful effect of decreasing per-
(Franciosa et al., 1972; Chatterjee et al., 1973), fusion pressure and oxygen supply.
phentolamine (Kelly et al., 1973; Gould et al., Sublingual nitroglycerin has been shown to im-
1974), or trimetaphan (Shell and Sobel, 1974) has prove ventricular function transiently in patients
been shown in patients with myocardial impairment with myocardial infarction (Gold, Leinbach, and
to improve left ventricular function by reduction of Sanders, 1972; Delgado et al., 1975). However, a
afterload. A decrease in arterial pressure and thus in precipitous fall in arterial pressure can occur when
coronary perfusion might however result in an in- the drug is administered by the sublingual route,
crease in the extent of myocardial ischaemia. It is and a resulting reflex tachycardia could increase
uncertain whether the beneficial effect of afterload infarct size (Delgado et al., 1975). We have recently
reduction in decreasing oxygen demand outweighs shown that intravenous nitroglycerin can be ad-
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Intravenous nitroglycerin in acute infarction 613

TABLE 1 Nitroglycerin treated patients

Case Age Sex Location History of History of Clinical Mortality Onset of Final TNG Duration of
No. and type hypertension previous class pain to infusion rate infusion

of infarct infarct study (hr) (.g/min) (hr)

1 58 M I T - - I 70 48 3
2 55 M A T + II - 6-0 17-6 1
3 38 M A T + II 18-5 102-9 2
4 58 M A T - - I - 3-5 13-6 1
5 60 M I T - - I - 6-0 10 3
6 65 M I T - - I - 40 36-5 3
7 71 F A T - I 90 36-5 3
8 48 M A T + - I - 50 102 1
9 55 M I T + - I - 13-2 103 1
10 49 F I T - I 21-3 199 1
11* 52 M A T + + II + 5 0 72 1
12 55 M A T + III - 8-0 36-5 1
13 70 M I T - II - 6-0 505 3
14 59 M I T - + I - 4-6 44-3 1
15 58 F A T + + II - 6-0 166 2
16 62 M I T - + II 6-3 103 1
17 53 F I T + - I 18-3 17-6 1
18 56 F I T I - 11-5 36-5 1
19 63 F I T + II - 5 0 73 1
20 42 M A T + - II - 8-5 73 1
21 48 M I T + + II - 6-5 100 1
22 61 F A T + - II - 13-5 26-6 1
23 65 F A T - - II - 70 57-5 1
24 46 M A T + + II - 3-5 26-6 3
25 54 M A T + II - 6-0 10 2
26 63 M I NTM- + III 19.0 17-6 3
27 55 F I T + II - 6-0 26-6 1
28 62 M I T - - II - 2-5 36-5 1
29t 58 M A T - - II + 5.0 26-6 1
30 49 F A T - - II 6-0 51 1

*Case 11 died on day 17 of pulmonary embolus.
tCase 29 died on day 3 in cardiogenic shock with complete heart block.
A, anterior; I, inferior; T, transmural; NTM, non-transmural. Clinical class (Kilip, 1968).

myocardial ischaemia during nitroglycerin infusion. place during the serial mapping studies and subse-
This study reports: (1) the infusion of intravenous quently received nitroglycerin after the two-hour

nitroglycerin for longer durations and at higher control period. The remaining 8 control patients
infusion rates compared with those of the initial either refused nitroglycerin treatment, or entered
study, resulting in a mean decrease in mean arterial the hospital at a time when intravenous nitro-
pressure of 22mmHg (2'9 kPa) below control glycerin was unavailable or when another nitro-
levels, and (2) the effects of this afterload reduction glycerin study was in progress. Untreated patients
on left ventricular function and on the extent of were studied within 24 hours (mean 7'8+ 0'9 hours)
myocardial ischaemia in 30 patients with acute of the onset of chest pain. Their mean age was 57-3
myocardial infarction. years. Four of these patients were in class I and 13

were in class II (Killip, 1968). These patients were

Patients studied given nasal oxygen, intraVenous morphine for pain,
and had electrocardiographic and cardiac enzyme

Control untreated patients evidence of acute myocardial infarction.
Seventeen patients with acute anterior transmural
myocardial infarction underwent serial praecordial Nitroglycerin-treated patients
mapping studies for two hours during which nitro- Thirty patients with acute myocardial infarction
glycerin was not infused. Spontaneous changes in received intravenous infusions of nitroglycerin also
ST segments in these patients were compared with within 24 hours (mean 8'3±0t 9 hours) of the onset
those changes recorded in patients receiving in- of chest pain (Table 1). Patients less than 75 years of
fusions of intravenous nitroglycerin. Of the 17 age admitted to the coronary care unit with a high
patients, 9 had Swan Ganz and arterial catheters in probability of an acute myocardial infarction by
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614 Flaherty, Come, Baird, Rouleau, Taylor, Weisfeldt, Greene, Becker, and Pitt

history and/or acute electrocardiographic abnor- Protocol for nitroglycerin infusion in
malities were candidates for the study. Patients treated patients
meeting the above criteria were admitted to the The protocol for infusion of intravenous nitro-
study with informed consent, if intravenous nitro- glycerin was as follows. Left ventricular filling
glycerin and the research team were available. The pressure as reflected by mean pulmonary artery
mean age of the nitroglycerin-treated patients was wedge pressure or the pulmonary artery diastolic
56&3 years. There were 29 patients with transmural pressure was measured with a No. 7 Swan Ganz
infarctions (15 anterior and 14 inferior) and one thermodilution catheter (Model No. 93-118-7F)
with a nontransmural inferior infarction. Ten of introduced by cutdown through an antecubital
these patients were in Killip class I, 18 were in vein. Arterial pressure was measured with a short
class II, and 2 were in class III. Excluded from this plastic catheter inserted percutaneously or by cut-
study were patients in cardiogenic shock and down into the radial artery. Arterial and venous
patients not in clinical shock, but with mean pressures were measured with Statham P23Db and
arterial pressures less than 75 mmHg (10 0 kPa). P37b transducers, respectively, and recorded on a
All patients were given nasal oxygen and intra- Brush Mark II-40 four-channel direct writing re-
venous morphine for pain. All patients had electro- corder. Cardiac output was determined by thermo-
cardiographic and cardiac enzyme evidence of acute dilution technique' (Ganz and Swan, 1972). The
infarction and all were in sinus rhythm. injectate consisted of 10 to 15 ml 5 per cent dextrose
The 30 patients were retrospectively divided into at room temperature. Each cardiac output reported

3 groups according to their initial left ventricular is the mean of at least two serial measurements with
filling pressure and stroke work index. This division a maximum allowed variance between individual
allowed evaluation of nitroglycerin therapy in measurements of 10 per cent. The reproducibility
patients with normal, mildly impaired, and of these cardiac output measurements was pre-
moderately impaired left ventricular function. viously reported (Flaherty et al., 1975).
Group I 10 patients with LVFP <12 mmHg Aqueous solutions of nitroglycerin (500 jg/30 ml)

(1 6 kPa). were prepared as previously described, refrigerated,
Group II 10 patients with LVFP > 12 mmHg protected from light, and used within 4 weeks of

(1.6 kPa) and SWI >40 g m per M2. preparation (Flaherty et al., 1975). Significant loss
Group III 10 patients with LVFP > 12 mmHg of biological activity has been noted with storage

(1.6 kPa) and SWI < 40 g m per M2. greater than 4 weeks.
The infusion of nitroglycerin was begun at

Methods 10 ,ug/min using a Harvard constant infusion pump.
The rate of administration was increased stepwise at

Praecordial mapping studies in untreated 3- to 5-minute intervals until the mean arterial
patients pressure fell approximately 20 mmHg (2-7 kPa)
A 48-lead praecordial ST segment map consisting below the control level. The study was designed so
of 6 rows of 8 leads was obtained in all 17 control that the infusion was slowed or temporarily dis-
patients with anterior transmural myocardial in- continued if arterial pressure fell to less than
farctions using an electrocardiographic standardiza- 50 mmHg (6-7 kPa) diastolic or if the heart rate rose
tion of 1 mV=20 mm (Reid et al., 1974). Serial by more than 20 beats/minute or fell to less than 50
16-lead recordings were made at 30-minute intervals beats/minute. A decrease in infusion rate was neces-
for 2 hours. The 16 leads selected were the 2 rows sary only during the initial dose finding period in 12
of 8 leads which initially showed the maximum ST of the 30 patients. The infusion rate was then main-
segment changes. The chest was marked for exact tained at the final level for a period of 1 to 3 hours.
repositioning of the leads and the sum of the ST The average final infusion rate of nitroglycerin was
segment elevations in the 16 leads was defined as 57.3 jig/min (range 10-199 jig/min). In 5 patients
EST. If a given praecordial map showed both ST mean arterial pressure could not be lowered by
elevations and depressions, only the ST segment more than 11 mmHg (1 5 kPa) despite increasing
elevations were summed (Maroko et al., 1972). Each the infusion rate of nitroglycerin to 199 jig/min.
of the serial praecordial ST segment maps obtained However, mean arterial pressure did increase by
in the untreated patients was coded with a random 16 to 34 mmHg (2.1 to 4-5 kPa) after termination of
number by a technician other than the one who the nitroglycerin infusion, suggesting that baseline
would be analysing the ST segment changes. The arterial pressure was increasing during the infusion
technician reading the maps, therefore, had no period in these 5 patients.
knowledge of the sequence in which the maps had Haemodynamic values including arterial pressure,
been obtained. 'Edwards Cardiac Output Computer, Model 9500.
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Intravenous nitroglycerin in acute infarction 615

TABLE 2 Changes in Est in untreated patients control patients.
The same 'blind' reading procedure described for

Case No. EIST (mm) ST segment maps in the untreated group was em-
Initial 60 min 120 min ployed for the praecordial ST maps obtained in the

1 13 10 17-5 treated group. The technician reading the maps
2 325 205 250 could not, therefore, differentiate maps obtained
4 135 8 1815 during the 2-hour control period from those

5 435 495 195 obtained during nitroglycerin infusion. In 12 of the
6 20 21 35 5 15 patients the initial control ST segment map was
7 8 5 5 5 6 5 obtained with all haemodynamic monitoring equip-
8 76 39 4955 ment and catheters in place. In the remaining 39 58 45.5 42-5
10 53 40 39 5 patients the lines were in the process of being placed
11 28 5 29 26 at the time that the first control map was recorded.
12 855 925 1345
13 38 61 66
14 21 27 32 Results
15 70 5 66 66
16 18 11 5 6 Praecordial mapping studies in untreated
17 82 5 77-5 70 patients

Mean 395 365 403 The results of the two hours of control praecordial
SE 65 63 78 mapping studies in 17 patients with anterior trans-
P value NS NS mural myocardial infarctions not receiving nitro-

glycerin therapy are presented in Table 2. There
cardiac output, heart rate, and left ventricular filling were no significant changes in EST noted during the
pressure were measured on two occasions at least 10 2-hour period of observation.
minutes apart during the control period before
starting the nitroglycerin infusion. These measure- Haemodynamic and praecordial mapping
ments were then repeated at 15-minute intervals studies in nitroglycerin treated patients
throughout the infusion period. From these The haemodynamic effects of intravenous nitro-
measurements derived values were obtained as glycerin in the total group of 30 patients are sum-
follows: marized in Fig. 1. The haemodynamic measure-

Stroke work index (SWI): ments and derived values for each of the 30 patients,
divided into the three haemodynamic subgroups,

SWI (g m peri2) SVI x (MSP4VFP) x1-36 are presented in Table 3. All data in Table 3 and in
100 the text are expressed as the mean ± one standard

SVI =stroke volume index error of the mean.
MSP=mean systolic arterial pressure Mean arterial pressure was lowered from a mean
LVFP=left ventricular filling pressure of 108-3±3-9 mmHg (14-4±0-5 kPa) during the
LPressue-tieventrmicula fingex Presse control period to a mean of 86-7±31 mmHg (11.5
Pressure-time per minute index (PTM): ± 0 4 kPa) at the time of maximal afterload lowering
PTM (mmHg per min)=MSP xET x HR effect of nitroglycerin (P < 0 001) (Fig. 1). The left

HR=heart rate, ET=systolic ejection time, ventricular filling pressure decreased from a mean of
measured from the radial artery pressure 16-7± 1'4 mmHg (2-2±0-2 kPa) during the control
record. period to 8-1±0'8mmHg (11±0-1kPa) at the

Peripheral resistance index (PRI): time of maximal arterial pressure lowering
PRI (mmHg min/l perM2)=MAP/CI (P < 0.001). Heart rate in the total group of 30

patients did not change significantly during nitro-MAP=mean arterialpressure, GI=cardiac index. glycerin infusion. In only 7 ofthe 30 patients did the
Serial praecordial ST segment mapping studies heart rate increase during nitroglycerin. In those 7

were performed on those 15 patients with anterior patients heart rate increases of only 2 to 10 beats/
transmural myocardial infarctions, but not on those minute were noted. Cardiac index decreased 8-8 per
15 patients with inferior infarction. After an initial cent (P <0'05). There was no significant change in
48-lead map, 16-lead recordings were made one stroke work index when the total group of 30
hour before starting nitroglycerin infusion and then patients was taken as a whole. Pressure-time per
at 15 to 30-minute intervals simultaneously with minute index fell 24-7 per cent (P < 0{001), and
each subsequent haemodynamic measurement. peripheral resistance index fell 11-3 per cent
EST was computed as previously described for the (P < 0.001).
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616 Flaherty, Come, Baird, Rouleau, Taylor, Weisfeldt, Greene, Becker, and Pitt

TABLE 3 Haemodynamic findings in 30 patients receiving intravenous nitroglycerin

Case No. Heart rate Left ventricularfilling Mean arterialpressure Cardiac index Stroke volume index
(beats/minute) pressure (mmHg) (mmHg) (litres/min per m2) (ml per m2)

C TNG C TNG C TNG C TNG C TN
Group I

1 78 65 11 2 102 86 2-60 2X36 33-3 36-6
2 75 85 11 6 140 120 1X72 1-66 22-7 19-7
3 110 112 7 2 124 104 2X40 2-00 21-8 17-9
4 85 64 10 2 106 78 1*84 1-58 21-6 24-7
5 87 94 6 3 178 122 2-79 2-58 32-1 27-5
6 68 63 9 3 91 66 1-54 1-48 22-7 23-5
7 106 108 12 5 116 106 2*10 1-45 19-8 13-4
8 68 74 10 7 98 74 2-92 2-00 42-9 27-0
9 79 71 11 3 102 80 2-64 2-30 33*4 32-4
10 95 92 9 6 94 74 2-64 2-53 27-8 27-5

Mean 85-1 82-8 9-6 3 9 115-1 91.0 2-32 1 99 27-8 25-0
SE 4-6 5-8 0-6 0-6 8-4 6-4 0-15 0-14 2-4 2-2

Group II NS P<0 001 P<0 001 P<0 005 NS

11 63 60 20 5 120 104 1-71 1-54 2741 25-7
12 116 85 32 9 149 100 3*33 2-31 28-7 27-2
13 58 58 16 8 98 81 1-89 2-17 32-6 37-4
14 79 66 28 14 115 86 2-10 2-05 26-6 31-1
15 69 65 14 10 88 80 2-67 1-38 38-7 21-2
16 70 77 18 8 104 66 2-72 2-36 38-8 34-2
17 76 69 15 7 118 95 2-04 1-58 26-8 22-9
18 78 76 14 8 100 80 2*82 3-09 36-0 40 7
19 66 70 15 7 100 80 1-92 1-77 29-1 25-2
20 75 72 13 10 122 104 2*55 2-58 34 0 35-8

Mean 75 0 69-8 18-5 8-6 111-4 87-6 2-38 2-11 31-8 30-1
SE 5.0 2-6 2-0 0-8 5.5 4.0 0-16 0-17 1-5 2-1

Group III NS P<0 001 P<0 001 NS NS

21 125 115 37 17 116 108 2-41 3 49 19-3 30 3
22 100 95 20 13 85 78 1-39 1-70 13-9 17-9
23 108 107 26 14 91 80 1-86 1-76 17-2 16-5
24 120 92 23 8 84 62 2-03 1-72 16-9 18-7
25 98 86 16 10 76 56 2-53 1.90 25-8 22-1
26 95 90 16 8 79 72 2-94 3-12 30 9 34-7
27 72 79 15 9 114 84 1-46 1-50 19.0 19.0
28 105 100 23 15 124 96 2-00 1.90 26-8 21-8
29 84 82 21 11 100 74 2-25 1-79 25-5 29-7
30 105 87 24 14 116 104 2-68 2-58 20-3 19.0

Mean 101-2 93 3 22-1 11.9 98 5 81-4 2-16 2-15 21-6 23-0
SE 4*9 3-6 2-0 1.0 5-6 5-4 0-16 0-21 1-7 2-0

P<0 05 P<0 001 P<0 001 NS NS

Mean 87-1 82-0 16-7 8-1 108-3 86-7 2-28 2-08 27-1 26-0
Total SE 3-4 2-9 1-4 0-8 3 9 3-1 0 09 0.1 1-3 1-3

NS P<0*001 P<0 001 P<0 05 NS

C, control; TNG, haemodynamic measurements at time of maximum blood pressure lowering. Means + standard error of mean (SE).
P value represents difference between C and TNG as calculated by paired Student's t test. NS=not significant, i.e. P>0 05.

The haemodynamic effects of intravenous nitro- filling pressure 10-6±09 mmHg (1-4±0-1 kPa),
glycerin reported in Table 3 and Fig. 1 were heart rate 81-8±3-0 beats/min, cardiac index
measured at the time of maximal mean arterial 2-09±009 litre/min perM2, and stroke work index
pressure lowering. Similar results are obtained was 35-3± 1 9 gm per M2.
when the haemodynamic effects in the total group When the effects of nitroglycerin infusion were
of 30 patients are examined at the end of the 1- to examined in each haemodynamic subgroup, based
3-hour infusion. Mean arterial pressure was then on the patients' initial left ventricular function, the
93*7±3*4mmHg (12.5+0.4kPa), left ventricular following differences were apparent (Table 3):
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Intravenous mtroglycerin in acute infarction 617

II and 102 mmHg (1.5 kPa) (P < 0.001) in group
III; initial LVFPs were 18-5 and 22-1 mmHg

Stroke work index Pressure-time per Peripheral resistance (2-4 and 2-9 kPa), respectively.
(g m per m2) minute index (mmHg index (mmHg (3) Mean arterial pressure was lowered

s per mmn) mmnllitre per mi) 24-1 mmHg (3.3 kPa) in group I (P < 0.001), 23-8
C TNG C TNG C TNG mmHg (3.2 kPa) in group II (P < 0001), and 17-1

mmHg (23 kPa) in group III (P <0.001). There
55-3 47-9 3112 1995 39-2 36-4 were no significant differences in blood pressure
49-7 34-8 2967 2428 82-4 71-9 responses to nitroglycerin between the three groups
3894 2899 3794 31577 576 5924 by unpaired Student's t test.
94-7 53-9 5432 4422 63-8 47-3 (4) Cardiac index did not change significantly in
35-5 27-5 3204 1906 59-1 44-6 either group II or III but decreased 0 33 1/min per
30-9 23-1 3500 3992 55-2 73-1 M ngopI( -067 1 3223 2720 2179 3326 370 m2 in group I (P < 0005).
46-8 38-4 2882 2109 38-6 34-8
39-3 34-0 2791 2320 35-6 29-2

49-8 35-1 3359 2600 51-7 47-6 _2
6-0 3-0 2524 2964 4-8 4-7 E 90-T
P<0-005 P<0-01 NS "C o 8 5 -.

42-4 36-7 2977 2112 70-2 67-5 80 1.
51-4 37-4 4375 2618 44-7 43-3 2E 5
50-5 50-9 2413 2130 51-9 37-3 - E
44-1 40-6 4148 2468 54-8 42-0

UE

51-6 26-5 2550 2122 33-0 58-0 -
55-4 28-8 2755 1725 38-2 25-1 4 5 L
45-6 30-5 3192 1956 57-8 60-1 -3- 40- I
52-4 52-0 3115 2558 35-5 25-9 E 5 -

46-3 39-1 2788 2456 52-1 45-2 j,c o
67-5 64-8 3816 3089 47-8 40-3

50-7 40-7 3213 2323-4 48-6 44-5 r11O- I
2-3 3-8 214 124 3-6 4-4 E 90
P<0-02 P<0-001 KS Z7 80-'
26-3 47.4 3254 2491 48-1 30-9 20
13-2 18-0 1800 1901 61-2 45-9 c
18-3 17-5 2920 2363 48-9 45-5 ucI I
16-8 14-8 2534 1518 41-4 36-0 I 05
24-9 15 6 2984 1760 30 0 29 5 5
29 4 34 0 2533 2160 26 9 23 134.0 26 6 3478 3274 78-1 56 0
29 9 22 5 3941 2774 62 0 50 5
33.9 21 4 2777 1872 44*4 41-3 70
385 432 3969 2843 433 403

26 5 26 1 3019 2295 48 4 39 9 E

2-6 3-7 212 176 4-9 3-2 N.4! 50 Control *P<00NS P<0001 P<001 P<0 005
42-3 340 3197 2406-5 49-6 440 40 **pP<0* 0013-1 2 2 120 120 5 2 5 2-4 TNG

NS P<0001 P<0-001NS__________0___00____________ <_______________ FIG. 1 Effect of nitroglycerin infusion on haemo-
dynamic variables (30 patients) and EST (15
patients). HR=heart rate, CI=cardiac index,
SWI=stroke work index, MAP=mean arterial

(1) Mean heart rate decreased 8 beats/min in pressure, LVFP=left ventricular filling pressure,
group III (P < 0 05) and did not change significantly EST=sum of ST segment changes in 16 leads
in groups I and II. (means+±standard error of mean). Control=average

(2) Left ventricular filling pressure (LVFP) de- of two sets of measurements made before starting
creased 5-7 mmHg (0-8 kPa) in group I (P < 0.001), infusion, TNG=measurements made at maximum
primarily reflecting the lower initial LVFP of afterload lowering effect of nitroglycerin infusion.
9*6 mmHg (1.3 kPa). The average decrease in P values of 0 05 or less are indicated, as calculated by
LVFP was 9-9 mmHg (1.3 kPa) (P < 0-001) in group paired Student's t test.
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618 Flaherty, Come, Baird, Rouleau, Taylor, Weisfeldt, Greene, Becker, and Pitt

50 I II ficance, group I and II patients did show small de-
creases in stroke volume, in contrast to patients in
group III who showed a small increase.

40/ The results of the serial praecordial mapping
40- / studies in the patients receiving nitroglycerin in-

fusion are presented in Table 4 and Fig. 1. All of the
15 nitroglycerin treated patients undergoing serial

E praecordial mapping studies showed a decrease in
a,30I EST during infusion of nitroglycerin. The mean

5i III EST for the group decreased from 66-4±11-7 mm
tn to 52.1 +9.6 mm at the time of maximum afterload

20- lowering effect (P < 0.005), and to 49-0+9-8 mm at
the end of the infusion period (P < 0-005). This

'_______________________________ value of EST at the end of the infusion was not
significantly different from EST at the time of01 S maximum afterload lowering effect and remained0 5FOP 20 25 significantly lower than control (P < 0*005). There

LVFP (mmHg) was no significant change in EST in the one-hour
FIG. 2 Effect of intravenous nitroglycerin on stroke period before starting the infusion.
work index (SWI) and left ventricular filling pressure
(LVFP). Tail of each arrow is the mean control Discussion
observation and arrowhead represents the values at
time of maximum afterload lowering effect. In our previously reported study of intravenous

nitroglycerin therapy in patients with acute myo-
cardial infarction, we showed that raised left ven-

(5)tlyinanyS ok vole indeex diduno chnesinf- tricular filling pressure could be safely lowered into
cantlyinanyotheththe normal range, with an average decrease in mean
(6) Stroke work index, which was lowest initially arterial pressure of only 7 mmHg (0 9 kPa) (Fla-

(26-5 g m per m2) in group III, remained unchanged
(26.1 g m per m2n) during nitroglycerin infusion
while both groups I and II showed significant de- TABLE4 Effectof intravenousnitroglycerin on YST
creases (P < 0 005 and P < 0-02, respectively). Case EST (mm)
Comparison of subgroup changes in stroke work No. Control (1) Control (2) TNG (1) TNG (2)
index by unpaired Student's t test revealed that
the response of group III patients was significantly 3 45 5 4225 4185 400
different from that of groups I and II (P < 0-02 and 4 89-0 98-5 55.0 57-0
P < 0-05, respectively). 7 36-5 52-0 49-5 37-0

(7) Pressure-time per minute index decreased 8 66-5 37-5 24-0 16-0
significantly in all three groups (P < 0 01, P < 0 001, 12 130 5 137150 12705 126950
and P < 0 001 for group I, II, and III, respectively). 15 11-5 6-0 8-0 2-5

(8) While peripheral resistance index (PRI) de- 20 182-0 175-5 139-0 139-0
creased significantly in the total group of treated 22 38-5 450 41-5 430
patients (P <0.001), the PRI decrease was signi- 23 63-0 66.0 455 45524 134.5 113.0 66-0 48.0
ficant only in group III (P < 0-01). 25 27-0 32-0 20-5 20-5

In Fig. 2 is shown graphically the haemodynamic 29 39.0 49 5 30*5 37 0
response to nitroglycerin infusion of an average 30 660 505 430 38-5
patient in each of these three haemodynamic Mean 68-7 66-4 52-1 49.0
groups. The patients in groups I and II responded SE 12-3 11-7 9-6 9-8
with a decrease in left ventricular filling pressure P value NS <0-005 NS
and a decrease in stroke work index, while the Abbreviations: EST= sum of ST elevations in 16 praecordialpatients in group III responded with a fall in filling leads. ECG standardization 1 mv=20 mm.
pressure at the same level of stroke work. Com- Control (1) EST 60 minutes before infusion. Control (2) EST
parison of changes in stroke volume index allows immediately before infusion. TNG (1) EST at maximum
separation of changes in pressure and heart rate afterload lowering. TNG (2) EST at end of infusion.

in SE=standard error of mean. P values represent the differencefrom changes in contractility. While changes m between control (1) and control (2); control (2) and TNG (1);
stroke volume index did not reach statistical signi- control (2) and TNG (2); TNG (1) and TNG (2).
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herty et al., 1975). Thus, at the infusion rates used ischaemia when assessed by ST segment mapping
in the previous study (average 37 ,ug/min), it (Smith et al., 1973).
seemed that the venodilator action of nitroglycerin The exact mechanism or mechanisms by which
was greater than the arterial or arteriolar dilator intravenous nitroglycerin reduces myocardial
action. With the higher infusion rates of nitro- ischaemia despite a reduction in systemic arterial
glycerin used in the present study (average 57 jig/ and therefore coronary perfusion pressure remains
min) a 22 mmHg (2*9 kPa) lowering ofmean arterial uncertain. The decrease in left ventricular filling
pressure was associated with a decrease in left pressure noted in the present study is probably a
ventricular filling pressure comparable with that result of peripheral venous dilatation (Mason and
noted in the previous study. With these higher in- Braunwald, 1965). The resulting decrease in venous
fusion rates further arterial dilator action was return would result in a decrease in left ventricular
apparent. The extent of myocardial ischaemia, as end diastolic volume and intramyocardial wall
assessed by praecordial ST mapping studies, de- tension and thus a decrease in myocardial oxygen
creased in all 15 patients with anterior myocardial consumption (Williams, Glick, and Braunwald,
infarctions in the present study despite the greater 1965). The decrease in mean arterial pressure,
degree of arterial pressure lowering. caused by peripheral arterial dilatation, would be

Because of the larger number of patients in the expected to decrease myocardial wall tension further
present study, it was possible to examine the effect and also to result in an improvement in left ven-
of nitroglycerin therapy on left ventricular function tricular function (Tsakiris et al., 1968). The improve-
in 3 subgroups of patients, divided according ment in EST, might, therefore, be explained best
to their initial haemodynamic state. Patients with by the reduction of both end diastolic volume and
normal or only mildly impaired left ventricular systolic pressure, with the resultant additive
function showed no improvement in ventricular reduction in left ventricular wall tension, a primary
performance with vasodilator therapy; a decrease in determinant of oxygen consumption.
stroke work index being associated with a decrease Nitroglycerin might also result in a redistribution
in left ventricular filling pressure. In contrast, of coronary blood flow to more ischaemic subendo-
patients with the most severely impaired left ven- cardial regions as was suggested by the animal
tricular function as indicated by both raised left studies of Becker, Fortuin, and Pitt (1971). Smith
ventricular filling pressures and reduced stroke et al. (1973) have furthermore shown in dogs with
work indices ( < 40 g m per m2), showed an improve- experimental myocardial infarction that when
ment in ventricular function; in this group of phenylephrine or methoxamine is added to nitro-
patients a decrease in left ventricular filling pressure glycerin in a dose sufficient to restore arterial
was accompanied by a maintenance of left ventri- pressure to control levels, the beneficial effects of
cular stroke work. Since a decrease in left ventricular nitroglycerin on EST persisted or were in fact en-
filling pressure is associated with a decrease in hanced, suggesting a direct effect of nitroglycerin
venous return, maintenance of stroke work can be on the coronary circulation, possibly by enhancing
interpreted as showing an improvement in left collateral flow.
ventricular contractility. The mechanism by which intravenous nitro-

Thus, patients with the most depressed left glycerin improves left ventricular function is also
ventricular function (group III) received the uncertain. The response of patients with severe left
greatest haemodynamic benefit from nitroglycerin ventricular failure suggests an improvement in left
therapy. Patients with normal or only mildly de- ventricular contractility with a leftward shift to
pressed left ventricular function (groups I and II), another Starling curve, while the response of those
presumably not in need of an improvement in ven- patients with normal or only midly depressed left
tricular performance, nevertheless showed a re- ventricular function suggests a leftward shift down
duction in EST. In all the groups of patients the the same Starling curve. These latter two groups of
decreased oxygen demand indicated by the fall in patients are probably showing a decrease in left
pressure-time per minute index may move the ventricular preload resulting from peripheral venous
myocardial oxygen supply-demand imbalance some- pooling, though in the absence of a measure of left
what nearer equilibrium, and might in this way ventricular volume one could not with certainty
explain the observed reduction in extent of myo- exclude changes in left ventricular compliance. The
cardial ischaemia. Confirmation of a reduction in haemodynamic response of patients to nitroglycerin
the extent of ischaemia by ST segment mapping therapy could also be interpreted a showing an
studies is important since in animal studies hypo- increase in left ventricular compliance; a reduction
tension induced by haemorrhage has been shown to in stiffness could at least in part explain the reduc-
result in an increase in the extent of myocardial tions of left ventricular filling pressures noted.
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