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Summary.

We prospectively studied 102 patients, aged 15-50
years, with acute community-acquired lobar preu-
monia without underlying cardiorespiratory illness,
admitted to Baragwanath Hospital May 1990-April
1991. Demographic, clinical, microbiological and
laboratory data and negative prognostic features of
these patients are described. in particular, we docu-
mented electrocardiographic changes and studied
their possible relevance in patients with pneumonia,

Electrocardiographic changes occurred in 32
patients (31%). The commonest changes were clock-
wise rotation (16%), followed by P. pulmonale
(9.8%) and S1 Q3 T3 pattern (7.8%) Other changes
included right axis deviation (n=8), right bundle
branch block (n=3), ventricular extrasystoles
{n=2), atrial fibrillation (n==1) and nodal rhythm
(n=1). These changes returned to normal in sur-
vivors after a mean of 2 days.

The §1 Q3 T3 pattern was associated with cardiac
enzyme leak (CK-MB fraction), hypoxia and a high
Simplified Acute Physiology Score (SAPS). In addi-
 tion, P. pulmenale, right axis deviation and clock-
wise rofation correlated with hypoxia and a high
SAPS score. Clockwise rotation also correlated with

serum (including cardiac fraction) enzymes leak
(LDH and CK-MB fraction), and pulmonary artery
pressure,

The' overall mortality rate was 10.8%, with no
association between electrocardiographic changes
and mortality. The negative prognostic factors
documented were hypoxia (p< 0.0001), multilobar
pulmonary conselidation (p<0.0001), tachycardia
(p=0.0001), tachypnoea (p=0.0002), renal dys-
function  (p=0.0009), hypotension (systolic
p<0.02, diastolic p<0.003), bacteraemia (p=
0.003), and serum (including cardiac fraction)
enzymes leak: LDH (p<0.02), CK ( p<0.002) and
CK-MB fraction (p=0.0002). These factors, with
the exception of renal dysfunction, also correlated
with the need for intensive care unit admission.

Acute  and reversible electrocardiographic
changes are common in acute community-acquired
lobar pneumonia. Electrocardiographic changes,
especially those compatible with acute cor pulmon-
ale and accompanied by cardiac enzyme (CK-MB
fraction) leak, correlated with severity of illness but
not with mortality.

Introduction

Pneumonia s an important cause of disease
worldwide, and is associated with significant mor-
bidity and mortality.’*® Despite advances in
antimicrobial therapy, improved diagnostic and

microbiological techniques and sophisticated respir-
atory support systems, pneumonia still represents a
major challenge to the physician. For example, the
mortality of patients with pneumonia requiring
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admission to an intensive care unit still exceeds
50%.*°

Certain negative prognostic features, wheh present
on admission of patients to hospital, are asscciated
with a poorer outcome.*® Cardiac factors associated
with a worse outcome include the presence of
hypotension, need for inotropic support of the blood
pressure, atrial fibrillation and/or pricr treatment with
digoxin.*>** In addition, one study of electrocardio-
graphic changes in patients with pneumonia has
suggested that such changes occurred more fre-
quently in cases with moderate to severe infection,
compared with mild cases of pneumonia.”

The present study describes the demographic,
clinical "and laboratory data of a large group of
patients with acute community-acquired lobar pneu-
monia admitted to the Baragwanath Hospital in
Soweto. We documented the electrocardiographic
changes that occurred and their reversibility, and in
particular the association of these changes with a
severity of iliness index, results of blood gas analysis,
serum (including cardiac fraction} enzyme levels,
and echocardiographic changes, to see if these
changes were of any prognostic significance.

Methods

We studied prospectively 102 patients aged 15-50

years who had previously been well, with no under-
lying cardiac or respiratory disorder, admitted to the
Baragwanath Hospital, Soweto with acute commun-
ity-acquired lobar pneumonia. The study was con-
ducted over the 12 month period between May 1990
and April 1991. The study was approved by the
Committee for Research on Human Subjects of the
University of the Witwatersrand.

We recorded the age and gender of the patients,
initial heart and respiratory rates, blood pressure,
temperature, number of affected pulmonary lobes,
and Glasgow Coma scale. The severity of illness was
assessed by means of the Simplified Acute Physiology
Score (SAPS),® and the prognosis was assessed by
duration of hospital stay, need for intensive care unit
admission and outcome.

One set of blood cultures (both aerobic and
anaerobic bottles) was drawn from each patient on
admission to hospital and prior to any antimicrobial
therapy. They were processed using a radiometric
method in the BACTEC 460 instrument system
{Tawson). Deep cough sputum specimens were also
obtained from each patient prior to any therapy and
were Gram stained and cultured. Testing for viruses
and for Legionella pneurnophila, Mycoplasma pneu-
moniae and Chlamydia spp. was done only if such
infections were. clinically suspected. We also
recorded additional laboratory data needed to calcu-

late the SAPS index, including initial haemoglobin
and haematocrit, white cell and platelet counts,
serum sodium, potassium, urea, creatinine, glucose
and bicarbonate, as well as the arterial blood gas

prafile.
Patients were clinically examined for evidence of

pulmonary hypertension or right heart failure. An

~electrocardiogram was done for each patient by MAS

on admission to hospital and daily until discharge.
The same machine was always used, and the position
of the electrodes was marked on the patient using
an indelible pencil. An echocardiogram was per-
formed on each patient by JS to assess ventricular
function and for Doppler measurement of pulmonary
artery pressures in those cases where it was technic-
ally feasible. Serum levels of lactate dehydrogenase
(LDH), creatinine kinase (CPK} and the cardiac
fraction of CK (CK-MB) were measured on admfssion
and daily as necessary thereafter.

Statistical analysis of continuous variables was by
means of the Student’s ¢ test and Mann-Whitney U
test. Categorical variables were analysed by means
of the ¥ test and the Fisher's exact (2-tail) test.
Survivors were compared with non-survivors to
detect negative prognostic factors. The Spearman
and Pearson rank correlation coefficient tests were
used for assessing the correlation of echocardio-
graphic changes (particularly pulmonary artery pres-
sure, right ventricular diameter, and ejection
fraction), and hypoxia, SAPS, and serum enzymes
leak. Multivariate analysis could not be performed
beeause of the small patient numbers in the non-
survivor group, and because Doppler measurements
of pulmonary artery pressure were technically pos-
sible in only 16-patients.

| Results

Demographic and clinical data

Of 102 patients, 80 were male. Mean age was 32
years {range 15-50). Mean initial temperature was
38.8 °C (range 38-40), mean systolic blood pressure
113 mmHg (range 70-140), mean diastolic blood
pressure 69 mmHg (range 30-90), mean heart rate
108 bpm (range 76—144), and mean respiratory rate
25 bpm (range 15-50}. Ten patients were shocked
on admission (systolic blood pressure <90 mmHg
with poor peripheral perfusion).

Laboratory data

Mean haemoglobin was 13.6 g/dl (range 10.1-20.4),
mean white cell count 14.9x10% (range
1.5-35.6 x 10°), and mean platelet count 247 x 107/
{range 95-579 x 10%1). Eight cases had leucopenia
(WCC <4 x10%) and 24 patients had a marked
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leucocytosis (WCC >20 x 10%1). Thrombocytopenia
(platelets <150 x 10%/1) was noted in 13 patients.

Mean serum wurea was 8.3 mmol/ (range
1.9-29.7), creatinine 112 umol/| {range 49-356),
sodium 133 mmol/l (range 119-146), and potassium
3.9 mmol/l (range 2.4-5.3). Twenty-two patients had
serum sodium <2130 mmol/l, which occurred in the
setting of pre-renal failure in 14 cases and syndrome
of inappropriate ADH secretion in 8 cases. Serum
urea was >7 mmol/l in 50% of patients.

Mean pO, was 54.3 mmHg (range 26.2-87. 2),
and pCO, 29.1 mmHg (range 28-37). Thirty-eight
patients had severe hypoxia (pO, <50 mmHg} and
5 patients were hypercapnoeic (pCQO, >38 mmHg).
The normal values in Johannesburg (1760 metres
above sea level} are 69-84 mmHg for pQO,, and
28-37mmHg for pCO,. Seven patients had an associ-
ated metabolic acidosis.

Microbiological data

The microbiological results are shown in Table 1.
These include sputum and blood culture results, and
suspected pathogens based on sputum Gram stain
(in the presence of negative cultures). Including all
this data, Streptococcus pneumoniae as a pathogen
was found in 56 cases, Klebsiella pneumoniae in &
and Staphylococcus aureus in 1. Three further cases
of suspected Gram-negative bacillary pneumonia
were based on the sputum Gram stain. No aetiology
at all was found in 36 patients by any method (35%}.
All serclogy for viruses and atypical pathogens was
negative where performed.

Radiological data

Seventy-two cases {72%) had unilobar and the
remainder {28%) had multilobar pulmenary consol-
idation.

Cardiological data

Clinical evidence of pulmonary hypertension was
recorded in 7 patients. All had ECG changes; 4 had
51 Q3 T3 pattern (3 died}, 2 had P. pulmonale (both
died), and one had right bundle branch block (RBBR)
(survived),

Electrocardiographic changes occurred in 32
patients (31%). The commonest changes were clock-
wise rotation (16% of all cases), P. pulmonale (9.8%),
and 51 Q3 T3 pattern (7.8%). Other changes seen
were right axis deviation (RAD) (n=8), ST-T wave
changes {n=6), RBBB (n=3), ventricular extrasys-
toles (VES) {n=2), atrial fibrillation (n=1) and nodal
rhythm (n=1). The mean duration of ECG changes
was 2 days. All the ECG changes were reversible
and all survivors had a normal ECG on discharge
from hospital.

Several elevated serum enzyme levels were noted.
The mean lactate dehydrogenase (LDH}) was 439 U/
(range 96-1353; normal 230-462). The mean creati-
nine kinase (CPK) was 239 U/ {range 20-1832;
normal 24-195). Among the patients with raised
CPK levels, the cardiac CK-MB fraction was meas-
ured in 9 cases. It was abnormally raised in 3 cases,
2 with 51 Q3 T3 pattern and 1 with ST-T wave
changes in the inferior leads.

On echocardiogram the mean left ventricular end
diastolic diameter was 48.6 mm (range 40-63.8) and
left ventricular end systolic diameter was 34.5 mm
(range 22.8-49). Mean right ventricular diameter
{(RVD) was 30 mm (range 22-42). The mean LV
gjection fraction was 52% (range 22-78%).
Pulmonary artery pressure (PAP) could be measured
in 16 cases. The mean PAP was 35 mmHg (range
2160 mmHg) and correlated with hypoxia (both
mean and absolute pO, <60 mmHg). Table 2 shows
the correlation of hypoxia, SAPS, PAP, RVD, and
serum enzymes.

Table T Results of sputum Gram stain, sputum culture and blood culture in 102 patients with acute community-acquired

pneumaonia
Aetiology Sputum Blocd culture Total positives (n=66}
Gram stain Culture
Streptococcus pneumoniae 19* 29 13%* 56
Klebsiella pheumoniae - 4 Jrax 6
Gram-negatives R - - 3
1

Cfaphyfgfor'm IS aureus - 1

{
*Suspected pathogen, based on predominant presence in the Gram stain of Gram-positive diplococci in significant

numbers in the absence of positive sputum or blood cultures.

**Five of these cases were also sputum culture positive.
***One of these cases was also sputum culture positive.

*++*Suspected Gram-negative pathogen, based on the presence in the Gram stain of Gram-negative bacilli in significant

numbers in the absence of positive sputum or blaed cultures.
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Table 2 Correlation of hypoxia, SAPS, right ventricular diameter, pulmonary artery pressure, ejection fraction and

I8

serum enzymes
SAPS RVD {mm) PAP (mmHg) EF (%)
Mean arterial pO, {mmHg)* p=0.0001 NS p<0.02 NS
Arteriai pO, <60 mmbig™* p=0.0001 NS p<0.04 NS
LDH /) CK (U CK-MB (U/1) CKMB%
SAPG¥** p<0.03 p==0.0001 p=0.0001 p<0.002

NS, not significant; SAPS, simplified acute physi

pressure; EF, ejection fraction; LDH, lactate dehydrogenase;

ology score; RVD, right ventricular diameter; PAP, pulmonary artery
CK, creatinine kinase; CK-MB, creatinine kinase MB fraction;

CK-MB%, creatinine kinase-MB fraction expressed as a percentage of total creatinine kinase.

*Paarson rank coefficient test.
**Spearman rank coefficient test.
*#++Pearson/Spearman rank coefficient test.

The $1 (3 T3 pattern was associated with cardiac
enzyme (CK-MB fraction) leak (p=0.001), hypoxia
(p=0.004} and a high SAPS (p<0.006). In addition
p. pulmonale, RAD and clockwise rotation were
associated with hypoxia (p<0.004, p<0.03 and
p=0.002, respectively) and a high SAPS (p<0.02,
p=0.003 and p=0.008, respectively).

Clockwise rotation was associated with serum

enzymes (including cardiac fraction) leak: LDH
(p<0.04) and CK-MB (p<0.02), and pulmonary
arterial hypertension (p=0.005). Although there was
no association between other electrocardiographic
changes (51 Q3 T3, P. pulmonale-and right axis
deviation) and pulmonary arterial hypertension, all
the patients with these electrocardiographic changes
and in whom PAP could be measured, had evidence
of significant pulmonary arterial hypertension (sys-
tolic pulmonary artery pressure > 30 mmHg).
. There was no association between ST segment-T
wave changes (consistent with myocardial ischaemia)
and serum enzymes (including cardiac fraction CK-
MB) leak, blood gas profiles, echocardiographic
parameters and SAPS.

Prognosis and mortality

The mean SAPS for the entire group was 6 {range
0-21), being 5 for survivors and 15 for non-survivors.
SAPS correlated with need for ICU admission and
mortality - {p<0.0001), presence of hypoxia
(p<0.0001) and serum enzyme leaks (p<0.03)
(Table 2).

Eleven cases were admiited to the ICU (10.8%),
with a mortality of 55%, while 91 cases were not
admitted to the ICU (89.2%) with a mortality of
5.5% (p=0.0007). Significant differences in clinical
and laboratory data of patients admitted to [CU and
those not admitted to the unit, are shown in Table 3.

Eleven patients died (mortality 10.8%}, of whom

six had been admitted to the ICU. Significant clinical
and laboratory data differences between survivors
and non-survivors are shown in Table 4. In addition
the parameters shown, bacteraemia (p<<0.003) and
multilobar pulmonary consolidation (p<0.0001)
were predictors of a worse prognosis.

The mortality rate for patients with and without
ECG changes was not significantly different (15% vs.
8.4%), nor was there a correlation with the need for
ICU admission.

Of the cardiological parameters measured, only

- serum enzymes leak (including the cardiac CK-MB

fraction) was predictive of poor outcome (LDH, p=
0.02; CPK, p=10.002; MB percentage of the total CK
[CK-MB%], p=0.02). Raised cardiac enzyme (CK-
MB fraction) was associated with the need for
intensive care unit admission. Echocardiographic
parameters measured and electrocardiographic

. changes did not predict poor outcome or the need

for intensive care unit admission.

Discussion

This study of patients with community-acquired
pneumonia documents a number of important nega-
tive prognostic factors, and factors predicting the
need for admission of patients to an ICU similar to
those shown in several previous studies.*® In addi-
tion, there are a number of significant changes in
cardiac parameters not previously noted.

The present study suggests that ECG changes in
patients with acute community-acquired preumonia
are not uncommeon, occurting in 31% of cases, The
commonest abnormality was clockwise rotation, fol-
lowed by P. pulmonale and ST Q3 T3 pattern. Other
changes noted included RAD, ST-T wave changes,
RBBB, VES, atria! fibrillation and idionodal rhythm.
All these changes returned to normal (within a mean
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Table 3 Significant differences found in clinical and laboratory data of patients with acute community-acquired pneumonia
admitted (n=11) and not admitted {n=91) to an intensive care unit

Clinical Not admitted (n==91) Admitted (n=11) : P
data

Mean+5D Range Mean 45D Range
Temperature (°C) 387406 38.0-40.0 39.4+0.6 38.0-40.0 <0.002
Heart rate {bpm) 107 +12 76-144 118410 105-140 =0.005
Breath rate (per min} 2447 15—44 3948 25-50 =0.0001
Systolic BP 114+14 80-140 100415 70-125 =(0.003
Diastolic BP Z1+10 30-90 59+10 40-80 =0.0004
SAPS 544 0-21 1343 7-14 < 0.0001
Laboratory data .
Serum Na (mmmol/l} 13346.0 119146 13045 124-141 <0.02
Arterial pO, (mmHg) 56.24+11.6 26.2-87.2 379469 30.0-53.3 <(.0001
LDH U/ 420-+158 96-933 6184338 358-1353 <0.003
CK (u/Mh 207 +283 20-1832 5304430 64-1080 <0.03
CK-MB (U/[} 2+8 0-55 11419 0-52 <0.02
CKMB% 0.4+2 0-23 1425 . 0-8 <0.02

Abbreviations as for Table 2, :

Table 4 Significant differences in clinical and laboratory data of survivors (n=91) and non-survivors (n=11} armong

patients with acute community-acquired pneumonia

Clinical Survivars (n=91} Non-survivors (n=11) P
data

Mean £ 5D Range Mean £ 5D Range
Age (years) 324106 15-55 35412 20-55 NS
Temperature (°C) 38.8+0.7 38.8-40.0 393405 38.6-40.0 <0.02
Heart rate {bpm) 106+11 76-130 124 £13 110-144 =0.0001
Breath rate (per rmin) 2447 15-50 36+8 19-46 =0.0002
Systolic BP {mmHg) 114+13 80-140 99422 : . 70-140 <0.02
Diasystolic BP (mmHg) 7149 40-90 57417 - 30-85 =0.003
SAPS 5435 0-156 15+3 10-21 < 0.0001
Laboratory data
Serum urea {mmol/l} 77142 2.0-5.2 141-+6.9. 1.9-28.9 =0.0009
Serum creatinine (umolf)  70.1+8.4 62-144 140.6+17.8 65-356 ={.04
Arterial pO, (mmHg} 56.44+11.3 26.5-87.2 364473 26.2-48.4 < 0.0001
LDH (U/) 4254169 96-1135 573 +307 134-1353 <0.02
CK (/) 1894232 20-15%0 692 1542 60-1832 < 0.002
CKXMS (U 1.446.9 ) 0-49.0 15.6422.9 0-55 =0,0002
CKMB% 0.4+2.6 0-23 09+£1.3~ 0-23 0.0005

Abbreviations as Table 2.

of 2 days), and ECGs were normal in all survivors
on discharge from hospital. In general, ECG changes
were associated with greater severity of iliness (par-
ticuarly as recorded by SAPS), but did not correlate
with outcome. This finding may have been due to
the relatively low mortality rate.

Mechanisms of ECG changes in patJents with
pneumonia may be multifactorial and may include
hypoxia, electrolyte changes, adrenergic stimulation,
and direct cardiac involvement.>"" In an attempt to
detect possible cardiac muscle injury we méasured
serum enzymes (LDH and CPK} as well as the cardiac
MB fraction (noting its percentage of the total CPK)

while acknowledging that some of the raised serum
enzyme levels may have been due to non-cardiac
skeletal muscle affects. In summary, the changes that
we detected in this study included features of acute
cor pulmonale, (associated with hypoxia, cardiac
enzyme leak [CK-MB_fraction] and increased RV
diameter), and ST-T waves changes (compatible with
myocardial ischaemia), which were not associated
with serum enzyme leak, blood gas profiles or
echocardiographic changes.

In the present study, there was no association
between ST segment-T wave changes and respiratory
rate, severity of illness, mortality and blood gas
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profiles. Although the complete data have not been
shown, it was noted that patients with ST segment-
T wave changes had significantly lower mean serum
potassium concentrations on admission compared
with patients in the group with no electrocardio-
graphic changes. However, with the exception of
one patient, in whom a serum potassium of
3.4 mmol/!t was recorded, all patients with ST-seg-
rment and T wave changes had normal serum potas-
sium. Further, there was no association between ST
segment-T wave changes and serum enzymes leak,
thus excluding myocardial injury from whatever
cause as a possible explanation for the ECG changes
compatible with myocardial ischaemia.

The phenomenon of electrocardiographic changes
compatible with myocardial ischaemia in patients
with pneumonia remains unexplained. Electro-
cardiographic changes consistent with myocardial
ischaemia can occur with angiographically normal
coronary arteries and have been documented in
patients with severe acute asthmatic attacks®™"" and
during hyperventilation.™'?

Flectrocardiographic abnormalities consistent with
acute cor pulmonale (including S1 Q3 T3 pattern,
P. pulmonale, clockwise rotation and right axis
deviation) seen in this study appear to reflect right
ventricular strain secondary to acute pulmcnary
hypertension.” !

Patients with electrocardiographic changes com-
patible with acute cor pulmonale had greater degree
of hypoxaemia than those without electrocardio-
graphic changes. Furthermore, patients with P. pul-
monale and clockwise rotation had a greater right
ventricular mean diameter than those with normal
electrocardiograms. A correlation between systolic
oulmonary artery pressure and ECG changes was
documented with clockwise rotation only. Despite
the absence of a statistical association between
systolic pulmonary artery pressure and other electro-
cardiographic changes reflecting right heart embar-
rassment, systolic pulmonary arterial hypertension
was documented in all the patients with P. pulmonale
and 51 Q3 T3 pattern. '

Moreaver, there was an association between hyp-
oxia (both mean arterial pO, and arterial pO,
<60 mmHg) and systolic pulmonary artery pressure
but not right ventricular diameter. This is indirect
evidence that the electrocardiographic changes com-
patible with acute cor pulmonale reflect hypoxia-
induced acute vasoconstrictive pulmonary hyper-
tension. .

In this study a definite association between PAP
and electrocardiographic changes was not estab-
lished. [n a previous study of patients with sevére
asthma and ECG changes of acute cor putmonale,
even cardiac catheterization failed to demonstrate
elevated right heart pressures.'* In the present study,

systolic PAP could be measured only in 16 patients.
No measurement could be made in the others due
to a technicat difficulty encountered with the Doppler
measurement of PAP. Systolic PAP was measured
non-invasively using Doppler flow velocity by meas-
uring peak regurgitant velocity in those patients with

- tricuspid incompetence. Doppler echccardiography

was used to measure systolic PAP because as many
as 80% of normal subjects have Doppler evidence
of tricuspid regurgitation,">'® thus evaluation of tri-
cuspid flow should provide a high yield. In the
present study, however, the absence of tricuspid
regurgitation in the majority of patients precluded
measurements of systolic PAP, as noted by
Feigenbaum.” In fact, a pulmonary artery mean
pressure of 20 mmHg or more is necessary before
one can expect any change in pulmonary and
tricuspid vaive motion."”

We found changes of cor pulmonale associated
with cardiac enzyme (CK-MB fraction) leaks. This
implies myocardial cell ischaemia or injury. The
exact mechanism of this myocardial injury is not
understood. It may be due to the direct toxic effect
of the organism, mediator damage as part of the
immune-mediated injury, or the effect of hypoxia.
Hypoxia has a direct myocardial depressant effect
whereby cardiac output decreases with severe hyp-
oxia.'®"® Indirectly, myocardial ischaemia occurs
secondary to hypoxia induced vasoconstrictive pul-
monary hypertension and increased right ventricular

afterload.*®*’
None of the patients in this study had impaired

left ventricular function (assessed by echocardio-

graphic parameters), thus global myocardial injury
or depression secondary to hypoxia,'®'? alcohol,*
myocardial depressant factor release during sepsis
2-25 or myocarditis are unlikely mechanisms.

"It is theoretically possible that some of the ECG
changes of acute cor pulmonale may have been due
to pulmonary thromboembolic disease. Invasive
exclusion of embolism was not routinely performed
in these cases on clinical grounds.

Hypotension and the frequent use of inotropes to
support the cardiovascular system, well-documented
negative prognostic factors in patients with pneumo-
nia, may be due in part to rightside myocardial
injury resulting in right ventricular dysfunction and
decreased left ventricular filling and compliance.
This assumption is strongly supported by the associ-
ation between (a) electrocardiographic changes com-
patible with acute cor pulmonale and cardiac
enzymes [eak and (b) the association between cardiac
enzymes leak and both severity of iliness and mor-
tality.

These observations raise the possibility that death
in pneumonia may, in some cases, be due to acute
cor pulmonale, secondary to hypoxia-induced pul-
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_monary vasoconsirictive or direct hypoxia-induced
myocardial injury. Indeed, it has been shown that
the occurrence of pulmonary hypertension in patients
with respiratory failure and accompanied by bacterial
sepsis is associated with a poor outcome ***%2%, |n
this study no association between pulmonary arterial
hypertension and mortality was established, probably
due to the small number of patients who died and
the small number of patients in whom it was
technically feasible to measure pulmonary artery
pressures.
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