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in Human Hearts

Background. The pressure waveform of coronary sinus in human
hearts has never been well described. Retro grade cardioplegia per fu-
sion has be come a pop u lar method of myo car dial pro tec tion in re cent
years, and iden ti fi ca tion of the pres sure wave form of'the cor o nary si
nus might help intubate the cor o nary si nus in ret ro grade cardioplegia
per fusion by dif fer en ti at ing it from that of the right atrium. The pur pose
of this study is to iden tify the pres sure wave form of the cor o nary sinus.
Methods. We in serted a cath e ter into the cor o nary sinus un der di rect
vision viaaright atriotomy after com ple tion of open heart op eration
in eight patients. The pres sure wave forms of cor o nary si nus and cen-
tral venous line, as well as the electrocardiogram (EKG), were re-
corded si mul taneously after the pa tient was sta ble and weaned from
the cardiopulmonary bypass. The recorded pressure waveforms of
cor onary sinus and cen tral ve nous line were com pared.

Results. The pres sure wave form of cor o nary sinus was found to have
three peaks, more prominent than those of the central venous line
waveform.

Conclusions. The pres sure wave form of cor o nary si nus could be dis-
tin guished from that of the cen tral ve nous line. The dif fer ence might
help cor onary sinus cannulation forretro grade cardioplegia per fusion.
[Chin Med J (Taipei) 2001;64:147-152]

de quate myo car dial protec tionisthe pre requt

site of a safe and suc cess ful open heart op er &
tion. Retrograde cardioplegia perfusion is found
better in this sense than antegrade cardioplegia in pa-
tients with dif fuse atherosclerotic stenotic cor o nary
diseases.'” Itis an at trac tive al ter na tive of cardio-
plegiade liv ery for patients re ceiv ing aor tic valve re-
placement.** It also of fers sev eral ad van tages over
antegrade delivery in “redo” cardiac operations.®’
Retro grade cardioplegia per fu sionre quires more de-
mand ing tech niques, and carries po ten tial haz ard of
coronary sinus injury and right ventricle dysfune
tion.>” How ever, im prove ments have been made for

retrograde cardioplegia perfusion to promote its
safety, efficacyand feasibility, suchassophistication
in the design of catheter'™'' and transesophageal
echocardiographic guid ance to direct cor o nary sinus
cannulation.'?

The pres sure wave form of cor o nary sinus in hu-
man has not been re ported, though many in ter ven tions
orop erationsinvolv ing the cor o nary sinus have been
done for treatment of various heart dis eases.'*!> The
pur pose of this study is to iden tify such pres sure wave-
form in hu man, and to com pare it with that of the cen-
tral ve nous line, hop ing it may help cor o nary si nus
intubation for retrograde cardioplegia perfusion so
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Table 1. Clinical characteristics of patients

Patient Age (year) Sex Diagnosis  Operations
1 67 Male CAD CABG

2 67 Male CAD CABG

3 81 Male CAD CABG

4 4 Female ASD ASD Repair
5 14 Female ASD ASD Repair
6 4 Male VSD VSD Repair
7 18 Female VSD VSD Repair
8 63 Male AS AVR

AS = aortic stenosis; ASD = atrial septal defect; AVR =
aortic valve replacement; CABG = coronary artery bypass
grafting; CAD = coronary artery disease; VSD = ventricular
septal defect.

that safety and fea si bil ity can be pro moted.

Methods

This study was ap proved by the Hu man Re search
Committee of Taipei Veterans Gen eral Hos pi tal and
was con ducted in ac cor dance with lo cal eth i cal stan-
dards. This study in volved eight pa tients who un der-
went open heart sur gery in Vet erans Gen eral Hos pt
tal-Taipei be tween 1997 and 1998. Five of the pa tients
were male and three were fe male, aged from 4 to 81
years (Table 1). Three pa tients (1, 2, and 3) re ceived
coronaryarterybypassgrafting(CABG)operation for
stenotic coronary artery disease. Retro grade coronary
sinus cardioplegia per fusion underdirect vi sion was
used due to high de gree (90%) ste no sis of the left main
coronary artery (patient 1) orthe leftan terior de scend
ing cor o nary ar tery (pa tients 2 and 3). Two pa tients (4
and 5) underwent re pair of atrial sep tum de fect via
right atriotomy. Two patients (6 and 7) re ceived re pair
of ventricular sep tum de fect through right atriotomy
ap proach. Patient 8 re ceived aor tic valve re place ment
for critical aortic steno sis and se vere aor ticre gur gi ta
tion. Bi-caval cannulation and right atriotomy were
per formed in all eight pa tients. All pa tients re ceived
either a central venouscatheter(ARROW, Interna
tional, Inc., Read ing, PA, USA) or a Swan-Ganz bal-
loon catheter (ARROW, International, Inc., Reading,
PA,USA) for cen tral ve nous pres sure mon i tor ing dur
ingtheoperation.

After com ple tion of the op er a tion and be fore clo-
sure of the right atriotomy, a purse-string su ture was
placed in the right atrium. A 16 GA catheter (AR-
ROW, In ternational, Inc., Read ing, PA, USA) used as
acor o nary sinus cath e ter passed through the purse-
string su ture and di rected into the cor o nary si nus un-
der di rect vi sion (Fig. 1). The dis tal end of the cor o-
nary sinus cath e ter was con nected to the trans ducer of
HP Com ponent Moni toring Sys tem (Hewlett-Packard
Com pany, Andover, MA, USA). After pa tients were
sta ble and weaned from the cardiopulmonary by pass,
the pres sure wave forms of cor o nary sinus and cen tral
venous line, as well as the elec tro car dio gram (EKG),
werere corded simul taneously. The dif ferences ofboth

wave forms were com pared.

Results

No mor tal ity or mor bid ity oc curred in this study.
Three peaks in the pres sure wave form of cor o nary si-
nus were ob served in these eight pa tients (Fig. 2 and
Fig. 3). The first peak ap peared af ter the “p” wave of
EKG, signal ing atrial con trac tion. The sec ond peak
coin cided with T-wave in the EKG, rep re sent ing ven-
tricular con trac tion and atrial fill ing. The third peak
was found to in ter pose be tween these two peaks, im-
me di ately af ter the QRS com plex in the EKG. There
were, how ever, only two peaks in the pres sure wave-
form of the cen tral ve nous line. The first peak also ap-

Fig. 1. The catheter wasin serted into the cor o nary sinus
under direct vision via a small stab within a
purse-string su ture in the right atrium af ter com-
pletion of the operation. (IVC = inferior vena
cava, SVC =superior venacava).
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peared af ter the “p” wave in the EKG, and the other
peak ap peared af ter QRS com plex. These two peaks
were much flat ter and less ev i dent than those in the
pres sure wave form of the cor onary sinus.

Discussion

The pres sure wave form of cor o nary sinus in hw

EKG
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man hearts has never been de scribed be fore. Gensini
andhisasso ciateintro duced a cardiac cath e terto pass
into the cor o nary si nus via the right jug u lar vein with
con ven tional catheterization tech niques in 75 dogs.
The pressure waveform of coronary sinus in these
dogs was found to be com posed of evident“a”, “c”,
and “v” waves,!¢ similar to our find ings in human.
Faxon and his as so ci ate showed the pres sure trac ing of

the cor onary sinusin 27 patients on acute oc clusion by

Fig. 2. Therecordings of ECG, pressure wave forms of coronarysinusandcentral venousline of patient 1, a 67-year-old
male with cor onary artery dis ease and ste no sis of the left main cor o nary ar tery. (CSP =coronarysinuspressure,

CVP=central venous pres sure).

Fig. 3. Therecordings of ECG, pressure wave forms of coronarysinusandcentral venousline ofpatient 7, a 18-year-old
fe male with perimembranous type ven tric ular septal de fect. (ABP =ar terial blood pres sure,CSP = cor o nary s+

nus pres sure, CVP =cen tral ve nous pres sure).
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balloonin flation ofballoon-tipped catheter."” An ini-
tial early sys tolic peak and a later higher sys tolic peak
oc curred at the end of sys tole and were closely timed
with the “v” wave in the pulmonary wedgetracing.
The measured pressure of the second peak in their
study was about 43 mmHg, sig nifi cantly higher than
our mea sure ment. How ever, their pres sure trac ing of
the cor o nary sinus was done in con di tion of cor o nary
sinus oc clu sion, which could cause de vi a tion from the
normalbeatingheartcondition.

Itis not un der stood why “c” wave was not dis cern-
ible in the pres sure trac ing of cen tral ve nous line in our
study, asithas oc casionally beenidenti fied in pre vious
reports.'®1Y Right ventricle contractionel e vating the
cusps of the tricuspid valve, cor o nary veins emp ty ing
into the right atrium, and a temporary rise in
intra-thoracic pres sure from ven tric u lar ejec tion have
been sug gested to be the ori gin of the “c” wave of jug-
ularvein pulse.”” We sur mised that the open chest con-
di tion may ob scure the “c” wave be cause the pres sure
pro duced by bulg ing of tricuspid valve might be better
ac com mo dated by the right atrium in open chest than
in closed state. On the other hand, the in creased blood
re turn in sys tolic phase that would be ac com mo dated
poorly by the much smaller cham ber of the cor o nary
sinus might partly ex plain the oc cur rence of the pro-
nounced “c” wave in the coronary sinus pressure
waveform.

The wave forms of pres sure trac ing dif fer in dif fer
ent heart cham bers. In clin i cal prac tice of Swan-Ganz
Cath e ter in ser tion, we make use of the dif fer ence of
wave forms in the right atrium, the right ven tri cle and
the pulmonary ar tery to float the pul mo nary ar tery
catheterintothe correctposition.?! In the set ting of
cor o nary si nus catheterization, sur geons may ob serve
the change of pres sure trac ing while ad vanc ing the
cor onary sinus cath e ter, blindly with outtouch ing the
heart, through the right atrium into the cor o nary si nus
until a coronary sinus pressure waveform was ob-
tained.’

From our limited obser vation, we could iden tify
the pres sure wave form of cor o nary sinus from their
prominent peaks appearing in the pressure tracing.
The pres sure wave form of cor o nary si nus could be
dis tin guished from that of the cen tral ve nous line by

dif fer ent shape. More ob ser va tions should be done in
more patients to char ac ter ize the cor o nary sinus pres-
sure wave form in de tail. With more ex pe ri ence gained,
the sur geons may intubate the cor onary sinus forretro-
grade cardioplegia de liv ery blindly and with out touch-
ing the right atrium by iden ti fy ing the pres sure wave-
form of cor onary sinus.
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