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Do intra-operative fluids influence the need for
post-operative cardiotropic support after a PDA ligation?
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Abstract;  Objective
stability. Methods
arteriosus (PDA) ligation in one NICU between 2001 and 2007. The primary outcome was the need for cardiotropic support

To investigate the effect of intra-operative intravenous fluids on post-operative hemodynamic
We performed a retrospective cohort study of 98 preterm infants who underwent a patent ductus
within 24 hrs of ligation. Results Twenty-seven infants (28% ) required post-operative cardiotropic support. The amount
of intra-operative fluids varied between 0 and 50.4 ml./kg (median; 10.2 mL/kg). No intra-operative fluid was recorded
in 26 patients. Fluids were not associated with the need for post-operative cardiotropic support (P =0.10). Using a
multivariate logistic regression model, age at ligation, weight at ligation and pre-operative FiO, were significant predictors
of post-operative cardiotropic support. Conclusions Intra-operative fluids do not appear to be associated with the need for

post-operative cardiotropic support. A prospective cohort study may help identify modifiable risk factors and improve

outcomes in this population.
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A patent ductus arteriosus (PDA) can be a signifi-
cant problem in premature infants, and its management

31 Left to right shunting

is currently being debated'
through the PDA can result in increased pulmonary
blood flow and systemic hypoperfusion and has been
associated with intraventricular haemorrhage, necrotiz-
ing enterocolitis (NEC) and chronic lung disease **.
Indomethacin, usually considered first line medical
therapy has a high rate of failure, especially in those

71 When medical treat-

under 27 weeks of gestation
ment fails or is contraindicated, surgical ligation is
considered ¥

Surgical ligation of the PDA abolishes the left-to-
right ductal shunting; however, it is associated with
complications including air leaks, wound infections,
intra-operative bleeding, left vocal cord palsy and cere-

10-11]

bral hemorrhage' A post-ligation cardiac syn-

drome has also been described, which involves de-

creased left ventricular output and myocardial perform-

[12-15]

ance after PDA ligation . Risk factors for this dys-
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function include pre-operative cardiotropic support, low
Apgar score at 1 minute, low cortisol level pre-opera-
tively, size of the PDA, lower gestational age and

16]

younger age at surgery Infants who suffer from

this condition may be at increased risk of dying prior to
discharge' "

Giving intravenous (IV) fluid to very immature in-
fants during their surgery may be necessary to ensure
tolerance of the anaesthetic agents which decrease car-
diac output. However, there appears to be great insti-
tutional and individual variability in the amount of fluid
routinely given to infants undergoing a PDA ligation. It
was our impression that infants who receive more IV
fluids during the operation undergo a more difficult
post-operative course, with hemodynamic instability re-
quiring cardiotropic support and/or ventilation/oxygen-
ation problems which may require high frequency venti-
lation (HFV) in the immediate post-operative period.
There is a lack of evidence with regards to optimal fluid

loading intra-operatively in infants undergoing a PDA
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ligation. surgical ligation.

The objective of this study was to investigate the
effect of IV fluids received intra-operatively on post-op-
erative hemodynamic stability. We hypothesized that
those receiving more fluid would be more likely to need

cardiotropic support post-operatively.

Patients and methods

Study objective

The primary aim was to investigate the independent
association between intra-operative fluids ( crystalloids
and colloids ) during the ligation and postoperative
need for cardiotropic support. The secondary aim was
to explore whether intra-operative fluids were associat-
ed with other post-operative variables such as mortality
and need for high frequency ventilation (HFV).
Design

We performed a retrospective cohort study at an out-
born tertiary care neonatal intensive care unit (NICU).
Study population

Premature infants born under 32 weeks gestation and
admitted to the NICU at the Children’s Hospital of
Eastern Ontario (CHEO), Ottawa, Canada between
January 1, 2001 and December 31, 2007 who under-
went a ligation for a clinically significant PDA were in-
cluded. Infants with complex cardiac malformations, in
which a PDA was only a part of their cardiac problems,
were excluded.

A clinically significant PDA was defined by a moder-
ate or large PDA on two-dimensional (2D) echo in a
patient dependent on a ventilator (or rarely CPAP de-
pendent) or with evidence of poor peripheral circula-
tion ( high lactate, metabolic acidosis or poor urine
output) attributable to the PDA. The determination of
a moderate or large PDA was made by a paediatric car-
diologist, based on the size of the PDA relative to the
size of the baby’s aorta and the baby’s weight. Hemo-
dynamic significance was established based on the
presence of a left to right shunt and dilatation of the left
atrium or ventricle. The usual medical therapy at our
referring centres was 1-2 courses of indomethacin (one
course being 3 doses of 0. 1-0. 2 mg/kg given at 12 h
intervals ). Infants who failed indomethacin or who had

contraindications to indomethacin were candidates for

Infants referred were admitted to CHEO at least 24
hours prior to surgery. Their ventilation was optimized
with permissive hypercapnia as a target ( PCO2 50-
65 mmHg with pH =7.25) and parenteral nutrition
was administered the day of surgery and for the next
2448 hours. Fentanyl was the analgesic of choice dur-
ing surgery, usually at doses of 15 micrograms/kg
along with a muscle relaxant. Post-operatively, all neo-
nates received either morphine or fentanyl by continu-
ous infusion, which was tapered over 2448 hours,
based on an objective assessment of pain using the Pre-
mature Infant Pain Profile ( PIPP).

The goal for blood pressure post-operatively was to
achieve a mean blood pressure (MBP) equal or greater
than the corrected gestational age with evidence of ade-
quate peripheral perfusion ( capillary refill time <3
seconds). One or two 10 mL/kg normal saline boluses
were usually provided before commencing cardiotropic
agents. Our practice was then to start a dopamine infu-
sion at a rate of 5 to 10 micrograms/kg minutely to a
maximum of 15 micrograms/kg minutely and then
adding either epinephrine or dobutamine. Hydrocorti-
sone was considered after the failure of 1 to 2 cardiotro-
pic agents and the dosage range was 2-6 mg/kg per day.

HFV was used as rescue, for infants who continued to
have respiratory acidosis or high settings on conventional
ventilation (rate >60/min or peak inspiratory pressure
>24 cmH,0).

Data collection

Baseline neonatal characteristics related to the deliv-
ery, resuscitation and pre-ligation respiratory and he-
modynamic condition were recorded. Physiologic mark-
ers of cardio-respiratory stability were extracted from
medical records. Fluids above maintenance included
crystalloids ( normal saline and Ringer’s lactate) or
colloids ( albumin or packed red blood cells) and dose
and duration of cardiotropic support agents ( dopamine,
dobutamine, and epinephrine ) and hydrocortisone
were recorded. The fluid volume required to give IV
anaesthetic medications was not included.

Outcome measures

The primary outcome was the need for cardiotropic

support within 24 hours of ligation. For patients on car-

diotropic support pre-operatively, this was defined as
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needing a higher dose of cardiotropic support ( =2.5
micrograms/kg minutely more than pre-operatively )
within the first 24 hours post-operatively. Secondary
outcomes were need for HFV and mortality within 30
days of surgery.
Sample size

Approximately 18-25 infants per year meet eligibility
criteria and undergo a PDA ligation at CHEO, thus ap-
proximately 130 infants from 2001-2007. The same
surgeon has performed all PDA ligations since 2001.
Previous publications suggest that 20% -30% of those
infants have a need for post-operative cardiotropic sup-

12, 16]

port! We abstracted data from all eligible pa-
tients in the time period chosen, to ensure a sufficient
convenience sample.
Statistical analysis

Patient characteristics at baseline were summarized
using mean and standard deviation (SD), median and
range, and frequency and percentage as appropriate.
Similarly, characteristics of infants who did and did not
receive post-operative cardiotropic support were com-
pared descriptively.

The volume of 1V fluids received intra-operatively
was compared between infants who needed post-opera-

tive cardiotropic support and those who did not using

Wilcoxon’s rank sum test. Other potential predictors

were compared using either Wilcoxon's rank sum test
of Fisher's exact test, as appropriate. Logistic regres-
sion models were used to adjust for other potential pre-
dictors of the need for post-operative cardiotropic sup-
port. Initially a model was fit with just the mean vol-
ume of IV fluid received intra-operatively as an inde-
pendent variable. Subsequently other candidate predic-
tors (age at ligation, birth weight and gestational age)
were included in the model, based on previous stud-

ies' 1% Likelihood ratio tests were used to test wheth-

All tests
were two-sided, with P-values less than 0. 05 judged to

er predictors were statistically significant.

be statistically significant. This study was approved by
the CHEO Research Ethics Committee.

Results

Between January 2001 and December 2007, 103 pa-
tients meeting inclusion criteria were admitted to CHEO
for a PDA ligation. Five patients with complex cardiac
malformations were excluded. Thus, 98 patients were
included in the study.

The baseline characteristics of included infants are
described in Table 1. Dopamine was the cardiotropic
agent used in 11 of the 12 infants who received pre-op-

erative cardiotropic support.

Table 1 Baseline characteristics of included patients (n=98)

Characteristic Range Median (IQR) Mean(SD) n(% )
Gestational age( weeks) 23-31 26 (25-27) 26.1(1.8)
Birth weight(g) 491-1950 835.5 (709.5-1017) 910 (307)
Apgar score at 1 min 09 5(2-6)
Apgar score at 5 min 19 7 (5-8)
FiO, 24 h before ligation( % ) 21-100 40 (3047) 42.4 (19.1)
Prior indomethacin 79(81)
Pre-operative ventilatory support 95(97)

Pre-operative cardiotropic support

12(12)

Overall, 27 infants (28% ) required post-operative
cardiotropic support. Twenty six received dopamine
with 6 infants receiving more than 1 cardiotropic agent
and 3 who received hydrocortisone. The amount of fluid
received during surgery, above maintenance, varied be-
tween 0 and 50.4 ml/kg, with a median of 10.2 ml/kg
(interquartile range 0-18.7 ml/kg) , with the vast major-

ity of infants receiving normal saline. According to their

medical record, 26 infants did not receive any fluid above

their maintenance IV rate during the surgery.
Demographic, pre-operative characteristics and in-

tra-operative factors of infants who did and those who

did not require post-operative cardiotropic support are

included in Table 2.

cardiotropic support were smaller at birth, younger (in

Infants requiring post-operative

days of life) , weighed less at surgery, were receiving
more oxygen pre-operatively, were more likely to be on

pre-operative cardiotropic support and received more
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fentanyl intra-operatively. The amount of fluids re-
ceived intra-operatively was not significantly associated
with the need for post-operative cardiotropic support.
Re-running the analysis excluding the 26 infants who
received no fluid intra-operatively did not change the
results (P =0.19).

To investigate which factors were associated with the
need for post-operative cardiotropic support, we used a
multiple logistic regression model. The priori model in-

cluded intraoperative fluids and age at ligation as ex-

Table 2 Subgroup characteristics and intra-operative factors

planatory variables. Based on findings in Table 2, pre-
operative FiO,, pre-operative cardiotropic support,
fentanyl dose and weight at surgery were added. In the
fitted model, age at ligation, weight at surgery and
pre-operative Fi0, were found to be statistically signifi-
cant. Intra-operative fluid was not statistically signifi-
cant ( Table 3). The strongest predictor was age in

days at surgery, where no infant older than 25 days of

life required post-operative cardiotropic support.

[ median(IQR) ]

Need for cardiotropic support No need for cardiotropic support

Characteristic (n=27) (n=71) P value
Gestational age (weeks) 25(25-26) 26(25-27) 0.09
Birth weight (g) 771 (659-860) 890 (750-1064) 0.02
Apgar score at 1 min** 4 (1-8) 5(09)* 0.27
Apgar score at 5 min " 7(39)* 7.5(19) " 0.60
Age at PDA ligation( days) 14 (10-19) 25 (19-28) <0.001
Pre-operative FiO, (% ) 40 (36-55) 35 (3044) 0.03
Weight at PDA ligation (g) 800 (759-977) 1067 (901-1280) <0.001
Cardiotropic support within 24 hrs of surgery” 8 (29.6) 4 (5.6) 0.003
Indomethacin prior to ligation® 21(77.8) 58 (81.7) 0.78
Large PDA at surgery” 13(48.1) 40 (56.3) 0.50
Total fluid intake within 24 hrs of surgery (mlL/kg) 154(141-167) 148 (140-161) 0.38
Mean airway pressure within 24 hrs of surgery (e¢mH,0) 11(9.85-11.75) 9.85(8.95-12.00) 0.10
Intra-operative factors
Intra-operative fluids ( mL/kg) 15.2 (4.7-23.6) 8.9 (0-16.74) # 0.10
Intra-operative fentanyl ( mcg/kg) 17.4 (12.5-26.1) " 10.9 (6.2-17.8) * 0.04
* based on 26 observations; * based on 70 observations; * based on 69 observations; ** median (range); * n(%)
Table 3 Odds ratio of candidate risk factors
Characteristic Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI) Unit P value ™
Intra-operative fluids 1.33 (0.90-1.95) 1.74 (0.96-3.16) 10 ml/kg 0.07
Age at PDA ligation 0.83 (0.77-0.91) 0.75 (0.66-0.86) 1 day <0.0001
Pre-operative Fi02 1.34 (1.06-1.69) 2.29 (1.39-3.77) 0.10 0.001
Pre-operative cardiotropic support 6.84 (1.86-25.22) 1.30 (0.22-7.65) - 0.77
Weight at PDA ligation 0.79 (0.66-0.95) 0.76 (0.60-0.98) 100 g 0.03
Intra-operative fentanyl 1.04 (0.99-1.08) 1.06 (0.99-1.13) mcg/kg 0.09

* P value for adjusted odds ratio

Only two patients died within 30 days of surgery;
therefore we were unable to examine any association
between mortality and intra-operative fluid intake. Six
patients required HFV post-operatively. The median
amount of fluid above maintenance for these patients
was 4 mL/kg (IQR 0-18.4ml./kg) versus 10.5 ml/kg
(0.7-18.4mlL/kg) for those who did not require HFV
(n=92), which was not statistically significant ( Wil-

coxon rank sum P =0.55).

Discussion

Timing and ideal candidates for ligation are current-
ly unclear largely due to debates regarding the patho-
physiology of the PDA and its effects on short and long
term outcomes for neonates as well as the limitations in
defining what is hemodynamically significant """
Left-to-right shunt through the PDA likely volume loads
the left ventricle (LV) and decreases the afterload.
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Doppler studies confirmed that the LV end-diastolic
volume, stroke volume, and cardiac output were more
than 1. 3 fold higher before PDA closure'™'. When the
PDA is surgically ligated, there is a sudden increase in
the afterload and a decrease in the preload of the left
ventricle, with a consequent transient decrease in car-
diac output.

Correspondingly, the incidence of post-operative hy-
potension requiring cardiotropic support was 28% in
this population, in keeping with previous reports' """’
Whether the post-operative cardiac instability and need
for cardiotropic support documented in some infants re-
sults from the increased afterload, decreased preload,
depressed function of the myocardium from anesthesia,
downregulation of vascular receptors or relative adrenal
insufficiency is unclear' "',

In a single center retrospective study, Teixeira et
al'™ found that infants older than 28 days were less
likely to develop a post-cardiac ligation syndrome. The
incidence of post-operative hemodynamic instability
was 15.4% . In a retrospective and prospective obser-
vational study, Noori et al'"’ showed that the larger
the PDA, the greater the reduction in left ventricular
output after a ligation, with an incidence of 35% of in-
fants requiring cardiotropic support. In a prospective
cohort study, Harting et al'"”’ found that lower gesta-
tional age and corrected gestational age were associated
with hemodynamic decompensation post-operatively.
This decompensation was noted in 28% of their pa-
tients and it was the most significant variable predicting
death prior to discharge. In a prospective and retro-
spective observational study, Moin et al''® found that
lower gestational age and birth weight, as well as high-
er respiratory support were associated with post-opera-
tive hypotension in 32 of their 100 patients.

Contrary to our hypothesis, the amount of intra-oper-
ative IV fluids was not associated with post-operative
hemodynamic instability. Younger age at ligation was
strongly associated with the outcome, as previously de-
scribed and may be due to a maturational effect'™’.
Similarly, every increase of 100 g in weight at surgery
was associated with a 23% decrease in the likelihood
of needing post-operative cardiotropic support, possibly
due to technical aspects related to the surgery and the

anesthesia. Pre-operative FiO, was also associated with

the outcome, as previously described ™™, We collect-
ed data on the mean FiO, within 24 hours of surgery,
but did not record oxygenation index or mean airway
pressure, which are more robust markers of pulmonary
disease. The finding that infants who needed post-oper-
ative cardiotropic support were in 10% more oxygen
pre-operatively must therefore be taken with caution.

There is a degree of inaccuracy in the charting of IV
fluids received during the ligation, particularly the
amounts of fluids provided with anesthetic agents, such
as saline flushes. These were not recorded in our pa-
tients. For infants weighing 500-1 000 g, 5 to 10 mL
represents a significant amount of fluid per body weight
and it is usual to use such amounts for flushes of anes-
thetic agents. As such, this leads to an underestima-
tion of intra-operative fluids received and might have
limited our ability to find a relationship between fluids
and outcome. The amount of fluids received within 24
hours of surgery was comparable between groups. We
did not record fluids received over a longer period of
time nor did we assess weight gain in our population,
thus we cannot accurately assess preoperative fluid
overload, which could be of relevance in this particular
scenario.

Very premature infants are easy to volume overload
and those needing a PDA ligation usually suffer from
some degree of pulmonary oedema and frequently have
Preload

stances could contribute to more stress to a myocardium

underlying lung disease. in these circum-
which has been shown to adapt more poorly to an in-
creased afterload. On the other hand, giving extra flu-
ids intra-operatively once the left heart preload is sig-
nificantly reduced may minimize early hemodynamic in-
stability and low cardiac output. Balancing fluids in
these patients is thus a difficult task, which must be
individualized.

A limitation of this study is the retrospective nature
of the data collection. The reasons to provide IV fluids
intra-operatively and post-operatively and cardiotropic
support post-operatively are hard to assess retrospec-
tively. Data on intra-operative cardiovascular physiolo-
gy was not collected and it is hard to assess whether
post-operative hypotension was due to cardiac dysfunc-
tion or whether inflammation and leaky capillaries led

to the hypotension. The majority of infants who get a
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PDA ligation have inflamed lungs, due to over circula-
tion in the pulmonary vasculature and/or damage from
mechanical ventilation. They are at risk of right ven-
tricular dysfunction and poor cardiac output even prior
to surgery. Point of care echocardiography would have
helped answer some of these questions; however this
technology is not yet available in our center. Similarly,
due to the retrospective nature of the study, data on the

PDA itself, besides size ( small,

was limited.

moderate or large )

A prospective cohort study with appropriate record-
ing of fluids and anesthetic agents, intra-operative data
on cardiovascular physiology and precise documentation
of fluids and inotropes administered with point of care
echocardiogram may help identify modifiable risk factors

and improve outcomes in this vulnerable population.
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