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= ABSTRACT =
A Study on Patent Ductus Arteriosus in Premature Infants

Hae Seong Kim, M.D. and Keun Lee, M.D.

Department of Pediatrics, College of Medicine, Ewha Womans University

A Prospective study was done about incidence and treatment of hemodynami-
cally significant’ patent ductus arteriosus in premature infants admitted to neona-
tal intensive care unit of Ewha University Hospital from Feb. 1984 for one year.

The results were as follows;

1) Among 46 infants with birth weight less than 2,000 gm and gestational pe-
riod 36 wks, 15(32.6%) developed a hemodynamically significant PDA.

2) The incidence of respiratory distress syndrome was six times higher in
PDA group than that of non—PDA group (73.3% vs 12.9%).

3) The need for ventilatory assistance was five times higher in PDA group
than that of non—PDA group (80% vs 16.1%).

4) The mortality rate was 40% in PDA group, 15% in non-—-PDA group.

5) The ratio of left atrium to aorta(LA/AQ) in M-mode echocardiography was
significantly higher in PDA group than that of non—PDA group (1.21+0.18 vs 0.93
+0.23).

6) Indomethacin treated with usual medical therapy resulted in ductal closure
in 80%, 20% with usual medical therapy only.

7) The mean LA/AO ratio was significantly decreased after indomethacin tre-
atment (1.15+0.13 vs 1.21+0.18).

8) The change of the value of plasma sodium and potassium was not signifi-
cant during indomethacin therapy, whereas BUN, creatinine value was increased
during treatment, but that was reversible.
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Table 1. General procedure for monitoring
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FAFE, ITIF A8, 9%TFE FAt A
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I PDAZ} 948 7% follow-upsl{ch (F 1),
5MHz o] transducer & A}g3lo LA/AO ], LPEP
/LVET (LVSTI) % LVIDd & &332 S34H&
‘leading edge’ method & 3}l F3 XA&#¢gde A
% 3Y&9Fo] PDAY} s AF AEIEHch
F 20 tg@olely FUAMESY EARHFIE
Y ad AAFE, precordial activity, Wi, Ak, &
E4, 712, IMV 2 CPAP 9] resetting, stepup of
artificial ventilation, (P echocardiography, (® chest
X-Rayedl| di& Aer)&Eo] AAI=H AT (F 2).

3@ be du ok
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Folrt AAetF @A YE3A HE, o dTd
goll AeEHe o] U= (F 3 ), 2000 2Y 05,
36 Fujute] Folx AF 72 A 710 baseline M -
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9 ol HALE F3) WY PDA 9 {3 E& HAlstm
2FFd= F23 tF o HAYWAA follow up
AT (F4),

PDA o] gy 2,000 13¥u)gke] njgolE i

Admission of the infant{B.W. less

baseline M — mode echo
-- -{chest X — ray

physical examination

than 2,000gm and G.P. less than 36wks)

-- - ~daily physical examination for
detecting PDA for 14 day

- - - - weekly physical examination thereafter discharge

- —- - final evaluation at the time of hospital discharge
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Table 2. Definitons of criteria for diagnosis of
patent ductus arteriosis (PDA)

Continuous murmur
Murmur heard over anterior thorax of grade 1
intensity or greater that extends through second
heart sound

Systolic murmur
Murmur heard over anterior thorax of grade 1
intensity or greater that does not extend beyond
second heart sound

TLV ; hyperactive LV impulse
Hyperactive left ventricular impulse ;hyperactive
precordium

PP ;increased pulse pressure
Pulse pressure(from intra—arterial line)= 35mHg
or bounding pulses clinically

THR ; tachycardia
Heart rate= 170 beats per minute in absence of
treatment with chronotropic drugs

RR ;tachypnea

Respiratory rate= 70 breaths per minute, including

IMV rate if applicable
Liver’
Liver palpable23 cm below right costal margin
IMV
Requiring intermittent mandatory ventilation at
time of examination
CPAP
On continuous positive airway pressure ventila-
tion=4cm H,O at time of examination
Reinstitution of IMV
Reinstitution of IMV(after being off IMV for at
least 12 hours) required within 24 hours preced-
ing examination and infant still requiring IMV
at time of examination
Step —up
Need to increase level of ventilatory support
(CPAP to IMV, no CPAP to CPAP or IMV)
within 24 hours preceding examination after
having previously decreased level of ventilatory
support{for at least 12 hours) and still requiring
CPAP or IMV at time of examination (unless
need for increased ventilatory requirement is
explained by acute complications such as pne-

umothorax, pulmonary infection, lobar atelectasis,

or CNS depression) or inital institution of CPAP
or IMV after 72hours of age and still requiring
CPAP or IMV at time of examination

Echo'; “positive” echocardiogram

Echocardiographic LA /Ao ratio21.15 or an incre-

ase in LA/Ao ratio20.3 from any previous echo-
cardiogram ; measurements made from leading
edge to leading edege

X—ray’ “Positive” roentogenogram
Presence of findings consistent with pulmonary
plethora on chest roentgenogram plus any one
of following :

1. Cardiothoracic(CT) ratio= 0.60

2. Increase of CT ratio20.05 from any previous
roentgenogram

3. Definite cardiomegaly diagnosed by radiologist
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Table 3. Conditions leading to excluslon of infant from monitoring

1. Birth weight less than 500gm

2. Nonviability of infant or moribund infant(dying in first 24 hr)

3. Congenital heart disease(other than PDA) detected immediately or subsequentely by physical

examination, noninvasive techniques, and/or cardiac catheterization

4. Other major congenital anomaly, including chromosomal anomaly

5. Hydrops fetalis

6. Admission to study facility nursery at over 14 days of age

Table 4. Guidelines of the study

*Fluid administration : 60— 100m1/kg/day +abnormal insensible loss 2.5ml/kg/hr in radiant warmer

*Mechanical ventilation : Intermittent mandatory ventilation(IMV) —rate 20—25/min PEEP 4—8cmH, O

Continuous positive airway pressure(CPAP) —4—8cmH,0

*Nutrition :90kcal/kg/day by 2 weeks of age

'Echocardiography :Check M —mode echo in 72 hours of the birth and follow up if clue for PDA is

present

5 MHZ transducer, calculation method : leading edge. Check LA/AO. LPEP/LVET

(LVSTI, LVIDy

*Check soon after birth and follow up if clue for PDA 1is present

Daily Monitoring of all infants with
Birthweight < 1750 grams

Yes No
Murmur? 1

248 hours on Respirator or
Step-up in Ventilatory
Support Required?

| {
Yes No
j

Assess for POA”
by Ventilatory
Support Critera

[Continuous Murmur | [Systotic Murmur}

Assess for PDA Assess for PDA
by Continuous by Systolic
Murmur Criteria Murmur Critenia

Fig. 1. Pathways for diagnosis of patent ductus
arteriosus (PDA).
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[Continuous Murmur Present 1

No

296 hours on IMV or
Reinstitution of IMV
Required?

Yes

MEo] theho] —

Systolic Murmur Present |

No. of Findings Present
(+HR) :

0 | CRR) 22
(liver®)

{on IMV or 272 hrs. of
age and on CPAP)

Continve|_ No [X-ray*?| Yes
to
Monitor
[ "PDA’ Criteria Met l

Fig. 2. Flow sheet for diagnosis of patent ductus
arteriosus (PDA) given presence of continu-
ous murmur. Abbreviations used are IMV,
intermittent mandatory ventilation; HR, heart
rate ; RR, respiratory rate ; CPAP, continuous
positive airway pressure ; PP, pulse pressu-
re; LV, left ventricular ; Echo®, echocardio-
gram —positive; X ~ray *, roentgenogram—
positive.

Table 5. Contraindications for indomethacin trial

1. BUN 30 mg/dl

2. Serum creatinine 1.8 mg/dl

3. Total urine output 06 mi/kg/hr over the preceding
8 hrs’

4 Platelet count £60,000/ »#

5. Evidence of bleeding diasthesis

6. Clinical or radiographic evidence of necrotizing

enterocolitis

Table 6. Incidence of PDA by birth weight

No. of Findings Present
29 | UILV) 0
22 (+PP)
(296 hrs. on IMV-CPAP| !
or step-up) ——l
No. of Findings Present] No. of Findings Present
232 {tHR) 1 (*HR)
URR) (+RR)
{liver*) (liver®)
B b
On IMVor On iMVor
No 1>72 hes. old | Yes 272 hrs.okd | No
and on CPAP? and on CPAP?,
IMEEW [&Iicho‘ 71 Ye Echo*
Continue X-ray*?] Ye Yes | X-ray*?) Continue
0
Monitor Monitor
[ "PDA Criteria Met ]

Fig. 3. Flow sheet for diagnosis of patent ductus
arteriosus (PDA) given presence of systolic

murmur.

No Murmut and
1248 hrs. on IMV

or
2) step-up

No I,pp? lYes

Continue |
to
Monitor

[ "PDA’ Criteria Met ]

Fig. 4 Flow sheet for diagnosis of patent ductus
arteriosus (PDA) given no murmur but
ventilatory requirements.

500 1250 1500 1750 Total
—1249gm —1499gm —1749gm —2000gm
No. monitored 6 11 11 18 46
No. with PDA{% 3(500) 6(545) 218.2) a(222) 15(326 )
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PDA infant
n=15

l

]

infants with infants with

continuous systolic
murmur murmur
n=3 n=6

infants without murmur
but requiring prolonged
ventilatory support

n=6

Fig. 5. Grouping of the PDA infants by murmur criteria.

Table 7. Incidence of PDA in Preterm infants

gestation(wk.)

birth weight{gm.)

preterm infants No. (mean+15SD) (mean=+1 SD) PDA (%)
ACA 37 314+28 1639+ 366 14(37.8)
SGA 9 346+13" 1925+ 302 11.n*
*P <005 AGA: Appropriate for gestational lage.

SGA :Small for gestational age.

Table 8. Clinical data of preterm infants

Negative for Positive for

PDA (%) PDA (%)
Number 31 15
Birth weight(gm) 1670+268  1450+272"
Gestational age (wk) 323122 308%2.3
RDS 4(129) 11(733)™"
mild 1 1
moderate ) 2 2
severe 1 -8
Ventilatory assistance 5(16.1) 12(80.0™
GPAP only ; 3 4
GPAP+ IMV 2 8
Congestive heart failure 0 15
Death 2(150) 6(40.0)
*P<o01 ™pr<oos "P<ooo1

CPAP : Continuous positive airway pressure .
IMV :Intermittent mandatory ventilation.

2417} T oY, YAFES UEREA 4T
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A, 29 Ay $44 Nawte & 5

F 132 Aaud=dn 44 e A4H FHRANE
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%o LA/AOH|E Bej3T et FojF LA/AO
Hlo] ojogle ZAE E £ Uk

E 82 3% $o}oA] indomethacin Fo§A (FZ) 7}
Fqd¥ (&2 )9 M-modeod]mA7io) Eeod o
LA/AO¢Y] 1.57} S¢k% 0898 #A3] 2Age &
F At T 9¢ &2 Folo veFE XA 9o
24 ey € H¥AL Y M8 B 7 UG 5
2 AUFANT S T FY A5 Y& F Retrograde
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Alel HEdule 29ASHL E & Yol FHAL §
g AT EAE Y F U

Indomethacin FejAlel ¥F Hadeol W3l st
Tt 7Y A T 4NN F, FRF dFYFY
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5 UEEHY ZF9 T FUAH, FF 4 A7
F, 5% dFUFY A7LE T Yo ¥
= gilen 8% BUNX S creatinine X F9F 24
AF oA FedATizt B dFdF AW
92 g e ¢ F UM

%
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=
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Table 9. Echocardiograpic data of premature infants with and without PDA

Echo. measurements

Infants LA/AO
LVID, FS (%) LVSTI
with PDA 1.21+0.18 13.2+2.21 37.86+4-7.25 0.29+0.02
without PDA 0.93+0.23 10.6+2.13 32.44+6.78 0.31+0.03
p —value < 0.01 < 0.01 < 0.01 NS
LVIDy :Left ventricular diastolic internal dimension, FS: Fractional shortening,
LVSTI: Left ventricular systolic time interval, NS : Not significant.
Table 10. Clinical characteristics of PDA infants
ga::e ((;g- (B'gzg) Gender RDS %:g,s}f: éfr g%%t:éi - Therapy ~ Outcome gg;%ﬂ dity
1 33 1650 F None 2 7 indomethacin improved None
2 30 1720 M Severe  None 4 indomethacin improved None
3 30 1290 F Severe 2 9 indomethacin improved None
4 29 1350 M Severe 4 9 indomethacin improved None
5 31 1640 F Moderate 5 6 indomethacin improved None
6 35 1370 M None 5 7 indomethacin improved UTI
7 33 1960 M None 7 9 indomethacin improved None
8 32 1800 F Severe 5 7 indomethacin improved None
9 26 1200 F Severe 7 6 indomethacin No response® ARF, DIC
10 26 1200 F Severe 7 5 indomethacin No response® Hypocalcemia
11 28 1380 F Severe 5 5 UMT improved IVH
12 32 1430 M Moderate 7 12 UMT No response® [VH, NHSVinf
13 32 1400 M  None 2 7 UMT No response® NHSVinf.
14 29 1310 M Mild 5 6 UMT No response* IVH
15 28 1230 F Severe None ? UMT No response® IVH

+ Autopsy was done, UTI: Urinary tract infection, ARF : Acute renal failure, DIC : Disseminated intra-
vascular coagulation, IVH : Intraventricular hemorrhage, NHSVinf : Neonatal herpes simplx infection.

Table 11. Autopsy findings of the infants

Case No. Birthweight (gm) Clinical diagnosis Postmortem findings
9 1200 RDS, PDA, DIC, ARF RDS, PDA (4mm), ATN,IVH, SAH, Pul. edema
1 1380 RDS, PDA  RDS, PDA (4mm), IVH, SAH
12 1430 RDS, PDA,IVH RDS, PDA (3mm), IVH, NHSV infection in liver
13 1400 PDA, NHSV infection PDA (3mm), NHSV infection in liver, lung, adrenal
14 1310 RDS, PDA,IVH RDS, PDA (4mm), IVH, Pulmonary hemorrhage
15 1230 RDS,IVH, DIC RDS, PDA (5mm), VSD (2.5mm), Pulmonary edema
DIC : Disseminated intravascular coagulation ATN : Acute tubular necrosis
SAH : Subarachnoid hemorrhage IVH : Intraventricular hemorrhage

ARF : Acute renal failure VSD : Ventricular septal defect

NHSV infection : Neonatal herpes simplex infection
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" UMT and Indomethacin UMT alone
(n=10) (n=>5)
48 hr. open : closed | closed ! open
status (n=4) |- (n=6) (n=1) e (n=4)
reopen
(n=2) o ,
| T~ L | L \
: Still till
final anld aolfen closure _ closure ] :I:d :ﬁ)en

status (n=8) | (n=1)

expired (n=2) expired (n=4)

- Fig. 6. Closure rates of indomethai;i_n and usual medical therapy in PDA infants.

1.6 | 7 1.6
LA/AO
14 + 41 1.4
12 b 412
1.0 | 4 1.0
0.8 |os
F ‘ 1 0.6
%8 (n=10) (n=8)
04 | 4 0.4
\S *p< 0.01 *+ p<0.05 {f
0 T 0
Normal PDA Preindo Postindo

Fig. 7. Effect of indomethacin on the echocardiographically derived
. ratio between left atrium and aortic diameter.

Fig. 8. M-mode echocardiograms from eanf before(left) and after(right) indomethacin trial. ‘
Ao=aortic root diameter at the level of the valve cusps; LA= the left atrial diameter.
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Fig. 9. Chest X-ray and retrograde contrast aortography.

Table 12. Plasma electrolyte values in infants

before, during, after Indomethacin the-

rapy
Electrolyte E'?:tment Indomethacin gg;tt-ment

Na(mEq/L) 137.143.75 135.3+6.71 136.5+3.44
K(mEq/L)  406+0.61 4.89+0.66 4.45+088
BUN (mg/dL) 12.2+45.45 23.96+14.3™ 15.79+7.37

Creatine 1.06+0.31 1834+0.24* 0.940.39

(mg/dL)

*p < 0.05
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