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Abstract The Fontan operation has low mortality, but is

associatedwith significant postoperativemorbidity, including

prolonged chest tube output (PCTO), which is associatedwith

prolonged hospital length of stay (PLOS). We sought to

identify variables present early in the clinical course that could

predict patients at high risk for PCTO and PLOS. Retro-

spective data were collected on 84 Fontan (extracardiac con-

duit) operations from1/2008 to 12/2013 at a single institution.

PCTOwas defined asC8 days ([75th percentile); PLOS was

defined as C12 days postoperatively ([75th percentile).

Multivariate regression was used to determine covariates

associated with PCTO and PLOS. Median age was 3.5 years

(IQR 3–5); weight was 14.5 kg (IQR 13–17). There was no

mortality. LOS was 9 days (IQR 3–11), and duration of chest

tube drainage 6 days (IQR 5–8) at 15 ml/kg/day (IQR 9–20).

In univariate analysis, only systemic right ventricle, 24-h 5 %

albumin administration, 24-h fluid balance, and 12-h inotrope

score were associated with PCTO. In multivariate analysis,

only 5 % albumin administration in first 24 h (p\ 0.001) and

PCTOwere independently associatedwith PLOS. ROC curve

analysis showedpatients receiving[25 ml/kgof5 %albumin

in first 24-h predicted PLOS (94 % specificity, 93 %

sensitivity, AUC = 0.95, p\ 0.001). Increased colloid in the

first 24-h post-CPB strongly predicts PCTO and PLOS after

Fontan operation, potentially providing an early identification

of a cohort with unfavorable Fontan physiology. A better

understanding of the role of colloid resuscitation after Fontan

is necessary, and efforts to reduce perioperative colloid

administration could decrease hospital morbidity

Keywords Fontan � Chest tube output � Pleural effusion �
Hospital length of stay � Albumin

Introduction

The Fontan operation is a final common surgical palliation

for patients with single ventricle physiology. Advances in

surgical and postoperative management have led to hos-

pital survival rates of 98 % [1]. Despite low mortality,

patients remain at risk for significant postoperative mor-

bidity, including excessive chest tube (CT) drainage, which

may lead to prolonged hospital length of stay (PLOS).

Determining modifiable variables associated with PLOS

may contribute to improving long-term outcomes in this

cohort. The purpose of this study was to identify factors

present early in the postoperative clinical course that could

predict patients at high risk for PLOS. Additionally, we

sought to analyze whether these factors play a role in

intermediate-term follow-up morbidity.

Materials and Methods

This study was approved by the University of Alabama at

Birmingham Institutional Review Board. This was a ret-

rospective cohort study of 84 consecutive pediatric patients
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who underwent extracardiac conduit (ECC) Fontan opera-

tion and were admitted to the pediatric cardiac intensive

care unit (CICU) between 1/2008 and 12/2013. Patients

who had a Kawashima procedure were excluded. Data

were obtained through chart reviews, hospital databases,

and outpatient clinic records. Duration of CT drainage was

defined as the time between postoperative CICU admission

and final CT removal. Persistent chest tube output (PCTO)

was defined as C8 days ([75th percentile of entire cohort).

PLOS was defined as C12 days postoperatively ([75th

percentile of entire cohort). Follow-up data consisted of

Fontan failure as defined by the need for heart transplant,

plastic bronchitis, and/or protein-losing enteropathy.

Data analysis was performed using SPSS v. 22 (SPSS,

Chicago, IL). Continuous variables were summarized as

medians with interquartile range (IQR); categorical vari-

ables were expressed as number and proportion (%). Uni-

variate and multivariate linear regression methods were

used to analyze the association between morbidity and the

predictor variables. Fisher’s exact test or Pearson’s chi-

square test was used to assess categorical data and Wil-

coxon rank-sum test to evaluate continuous variables.

Variables with a p value of less than or equal to 0.1 in the

univariate model were subsequently entered into a stepwise

multivariate regression analysis. Variables with an alpha

level of 0.05 were considered to be statistically significant

risk factors for morbidity. Receiver operating characteris-

tics (ROC) curve analysis was used to determine whether

24-h 5 % albumin resuscitation predicted PLOS.

Results

Patients

There were 84 patients (43 males) that underwent an ECC

Fontan operation between 1/2008 and 12/2013. Median age

was 3.5 years (IQR 3–5); weight at the time of surgery was

14.5 kg (IQR 13–17) (Table 1). There is a collinear rela-

tionship between PCTO and PLOS as demonstrated in

Tables 1 and 2. Table 3 further demonstrates strong asso-

ciation between PCTO and PLOS. There was even distri-

bution of patients with PCTO over the entire era (data not

shown). Median duration of mechanical ventilation was 7 h

(IQR 4–11); hospital length of stay (LOS) was 9 days (IQR

3–11). Median duration of CT drainage was 6 days (IQR

5–8). Average daily CT output was 15 ml/kg/day (IQR

9–20) for a total 83 ml/kg (IQR 49–128) for the entire

hospitalization. Thirty (36 %) had a surgical fenestration

created. Decision to create a fenestration was made by the

attending surgeon intraoperatively based on the measured

pulmonary artery pressures and other intraoperative

hemodynamics and thus was not routine, but rather

different from surgeon to surgeon. There were no operative

mortalities. Sixteen patients (19.3 %) were readmitted

within 30 days of discharge. Seven (31.8 %) patients with

PCTO had readmission within 30 days versus 9 (14.8 %)

who did not have PCTO, p = 0.08.

Pre- and Intraoperative Risk Factors for PCTO

and PLOS

Table 1 demonstrates that patient demographics and ven-

tricle type were similar between those with and without

PLOS and PCTO. Only systemic right ventricle was asso-

ciated with the higher prevalence of PCTO, but not PLOS.

Other univariate risk factors evaluated for PLOS and PCTO

are shown in Table 2. We do not routinely close aortopul-

monary collateral vessels in the preoperative Fontan. No

other demographic, preoperative, or intraoperative vari-

ables had a clinically significant association with either

PLOS or PCTO, including fenestration. The median CT

output for those with a fenestration (15 ml/kg/day, IQR

9–17) and for those without a fenestration (14.8 ml/kg/day,

IQR 9–21) was not statistically significant. Pulmonary

artery pressure on preoperative cardiac catheterization was

slightly higher in patients in both groups.

Postoperative Risk Factors For PCTO and PLOS

Patients with PLOS and PCTO received over twice the

total 5 % albumin resuscitation in the first 24-h and had

dramatically increased positive fluid balance at 24 and

48-h. Both PCTO and PLOS groups also required higher

inotrope doses at 12-h. Although not statistically signifi-

cant, there was a trend in longer duration of mechanical

ventilation in both groups (p = 0.08, p = 0.07) as shown

in Table 2. No other measured postoperative variables

were different between the groups. In multivariate analysis,

only greater 5 % albumin administration in the first 24-h

(p\ 0.01) and prolonged CT output were independently

associated with PLOS. ROC curve analysis showed

patients receiving[25 ml/kg of 5 % albumin in first 24-h

predicted PLOS [94 % specificity, 93 % sensitivity, area

under the curve (AUC) = 0.95, p\ 0.01]. Administration

of[25 ml/kg 5 % albumin in the first 24-h was strongly

associated with increased odds of having PLOS [OR 177

(15.3–2064), p\ 0.01] and PCTO [OR 10.1 (2.6–39.8),

p\ 0.01].

Follow-up Data

Five (5.9 %) patients had evidence of Fontan failure during

the follow-up period (median 12 months, range 3 weeks to

35 months) as shown in Table 4. In univariate analysis,
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these five patients were significantly older at the time of

ECC (median 9.8 vs. 3.4 years, p = 0.02), weighed more

(32 vs. 14.3 kg, p = 0.03), and had increased cardiopul-

monary bypass time (CPB) time (148 vs. 105.5 min,

p = 0.004), increased 12-h postoperative inotropic score

(10 vs. 2.5, p = 0.02), increased hospital LOS (13 vs

8 days, p = 0.01), increased 5 % Albumin in 24-h ml/kg

(32.2 vs. 15.6, p = 0.02), and persistent CT drainage

(p\ 0.01), compared to those who did not have a morbid

event. No variables remained associated with intermediate-

Table 1 Patient demographics for patients with normal LOS, PLOS, normal CTO, and PCTO after Fontan procedure

Normal LOS\ 12 days

N = 66

PLOS C12 days

N = 18

p value Normal CTO\ 8 days

N = 61

PCTO C8 days

N = 22

p value

Age, years 3.4 (3.0, 4.5) 3.7 (3.1, 6.5) 0.90 3.2 (3, 4.9) 3.7 (3,5.4) 0.36

Gender, n (%) male 33 (50) 10 (56) 0.88 32 (52.5) 11 (50) 0.84

Weight (kg) 14.3 (13.3, 16.5) 16.4 (14.0, 19.6) 0.77 14.8 (13.2, 17.1) 16.1 (13.8, 18.3) 0.06

Systemic ventricle, n (%) 0.44 0.03

Right 24 (36) 9 (50) 20 (32.8) 13 (59.1)

Left 42 (64) 9 (50) 41 (67) 9 (40.9)

Data presented as medians with interquartile ranges. CTO chest tube output, LOS length of stay, PCTO prolonged chest tube output, PLOS

prolonged length of stay

Table 2 Variable list and univariate analysis for patients with normal LOS, PLOS, normal CTO, and PCTO after Fontan procedure

Normal

LOS\ 12 days

N = 66

PLOS C12 days

N = 18

p value Normal

CTO\ 8 days

N = 61

PCTO C8 days

N = 22

p value

Cardiac catheterization data

PAP, mmHg 11 (10,12) 12 (11,12) 0.05 11 (10,12) 12 (11, 12) 0.07

Transpulmonary gradient,

mm Hg

5 (4, 6) 5 (4, 6) 0.58 5(4, 6) 4 (4, 6.5) 0.88

PVR, wood’s units 1.6 (1.3, 2.2) 1.7 (1.5, 2.1) 0.70 1.6 (1.2, 2.1) 1.6 (1.1, 2.1) 0.84

SaO2, % 83 (71, 86) 83 (77, 86) 0.38 82 (71, 88) 84 (76, 86.5) 0.29

Ventricular EDP, mmHg 7 (6, 9) 8 (7, 9) 0.93 7 (6, 9) 8 (6, 9) 0.73

Intraoperative

CPB time, min 105 (76,132) 115 (89, 151) 0.31 107.5 (76, 131) 109 (70, 146) 0.23

Aortic cross-clamping, n (%) 16 (24) 3 (17) 0.75 14 (23) 8 (36.4) 0.64

Fenestration, n (%) 23 (35) 7 (39) 0.97 21 (34.4) 4 (18.2) 0.87

Postoperative

SaO2 at 24-h, % 98 (95, 100) 98 (96, 100) 0.63 93 (90, 96) 95 (91, 96.5) 0.27

SBP at 24-h, mmHg 76 (68, 85) 115 (89, 151) 0.55 77 (68, 87) 75 (68, 81) 0.37

Highest CVP first 24-h, mmHg 18 (17, 21) 19 (17, 20) 0.64 18 (16, 20.8) 19 (16.5, 21) 0.70

Total 5 % albumin first 24-h,

ml/kg

10.3 (0, 19) 34.5 (30.5, 62.6) \0.01 10.4 (0, 19.4) 31.2 (18.9, 47.3) \0.01

Net fluid balance at 24-h, ml/kg 3.1 (-12.8, 22.7) 26 (3.8, 57.1) \0.01 2.8 (-14.1, 20.3) 15.4 (-7.3, 55.8) 0.02

Net fluid balance at 48-h, ml/kg 0.5 (-25.5, 15.1) 16.7 (-6.8, 38.5) 0.03 -1.5 (-31.4, 14.3) 14.2 (-17.8, 30.7 0.05

Inotrope score at 12-h 2.5 (0, 5) 5 (0, 8) 0.05 1.8 (0, 3.5) 4.6 (1.3, 5.6) 0.01

Inotrope score at 24-h 0 (0, 0) 0 (0, 0) 0.75 0 (0,0) 0 (0, 1.3) 0.28

Max lactate first 24-h, mmol/dl 3.2 (2.2, 4.7) 3.6 (1.9, 5) 0.10 2.8 (2.1, 4.2) 3.8 (2,5) 0.95

Max serum creatinine, mg/dl 0.6 (0.5, 0.7) 0.6 (0.5, 0.7) 0.53 0.6 (0.5, 0.7) 0.6 (0.5, 0.7) 0.23

Duration of mech vent, h 6 (4, 10) 8 (7, 16) 0.08 5 (3, 11) 8 (6, 13) 0.07

Data presented as medians with interquartile ranges. CPB cardiopulmonary bypass, CTO chest tube output, CVP central venous pressure, EDP

end-diastolic pressure, LOS length of stay, Mech Vent mechanical ventilation, PAP pulmonary artery pressure, PCTO prolonged chest tube

output, PLOS prolonged length of stay, PVR pulmonary vascular resistance, SaO2 arterial saturation, SBP systolic blood pressure
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term morbidity on multivariate analysis. There was one late

mortality attributed to a cerebellar hemorrhage 3.3 years

following Fontan operation.

Discussion

In this study, we demonstrate increased total volume of

5 % albumin resuscitation in the first 24-h after Fontan

operation is independently associated with persistent

pleural effusions and PLOS. Furthermore, we report a very

sensitive and specific cutoff value of 5 % albumin

administration, above which PCTO and PLOS are strongly

predicted. While excessive colloid administration may

certainly contribute to PCTO, we hypothesize this 5 %

albumin finding is not primarily causative, but rather

reflects unfavorable postoperative Fontan physiology that

necessitated increased Fontan preload (via 5 % albumin) to

maintain oxygen saturations and systemic cardiac output.

This imperfect physiology persists in the form of PCTO

and ultimately PLOS. We found no other demographic or

perioperative variable (including those demonstrated in

other Fontan studies) that was independently associated

with PLOS or PCTO.

Mortality and morbidity after the ECC Fontan operation

have decreased significantly over the last 40 years. How-

ever, pleural effusions and the associated complications

continue to be significant sources of postoperative mor-

bidity. Identifying modifiable risk factors that are associ-

ated with PCTO and PLOS could be an important step to

improve outcomes after the Fontan. Risk factors for

persistent pleural drainage after the Fontan procedure have

been well described in single-center studies and may

include elevated mean pulmonary artery pressures (PAP),

longer CPB and aortic cross-clamp times, moderate or

greater atrial ventricular (AV) valve regurgitation, the

presence of fenestration, ventricle morphology, and ven-

tricular dysfunction [2–11]. Our study adds to the under-

standing of risk factors for persistent pleural effusions and

PLOS after the ECC Fontan procedure.

The immediate postoperative period after the Fontan

operation is marked by high central venous pressures

(CVP) as a consequence of the new obligatory passive flow

physiology through the Fontan circuit to the pulmonary

arteries. Fontan pressures may be further elevated by any

Fontan circuit obstruction, pulmonary artery stenosis, ele-

vated pulmonary vascular resistance (PVR), increased

intrathoracic pressure, cardiac systolic and/or diastolic

dysfunction, or AV valve regurgitation. Maintenance of

high CVP is typically necessary for adequate systemic

ventricular preload to ensure cardiac output, but these high

venous pressures may lead to pleural effusions in the

postoperative period. Aggressive colloid administration to

maintain high CVP may exacerbate pleural effusions,

especially in the setting of capillary leak syndrome. Degree

of colloid administration in the early postoperative period

is quite variable among providers and largely empiric.

Management strategies may range from liberal fluid

administration (sometimes including CT volume replace-

ment) to volume restrictive strategies accompanied by

vasoactive agents to maintain systemic blood pressure and

to decrease venous capacitance. The optimal strategy to

Table 3 Pleural effusion drainage

Normal LOS\ 12 days

N = 66

PLOS C12 days

N = 18

p value

Duration of chest tube drainage, days 6 (4, 7) 11 (9, 15) \0.01

Prolonged chest tube drainage C8 days, n (%) 8 (12 %) 15 (83 %) \0.01

Total chest tube drainage hospital stay, ml/kg 76 (49, 107) 188 (94, 213) \0.01

Chest tube drainage, ml/kg/day 15 (9, 20) 16 (9, 19) 0.95

Data presented as medians with interquartile ranges; LOS length of stay, PLOS prolonged length of stay

Table 4 Five patients who experienced a major morbid event on follow-up

Patient no. Heart

transplant

Plastic bronchitis Protein-losing

enteropathy

Time from surgery to diagnosis of

first major morbid event (months)

1 X 35

2 X X X 12

3 X 4

4 X X 15

5 X 0.6
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maintain ventricular preload after the Fontan procedure in

the immediate postoperative period is not known, although

repeated colloid infusions to maintain intravascular volume

have the potential to contribute to PCTO and PLOS, which

is strongly supported by the results of this study. Thus, ours

and other CICU teams have adopted the strategy of more

judicious colloid administration and utilization of low dose

of vasopressin (0.02 units/kg/h at our institution) to help

maintain systemic cardiac output after ECC Fontan oper-

ation. A protocolized approach to postoperative Fontan

management has been shown to decrease pleural drainage

and PLOS [12]. Supported by the findings of this study, we

suggest adding to these protocols a targeted, judicious

volume administration strategy in conjunction with phar-

macologic manipulation of venous capacitance and sys-

temic vascular resistance to maintain organ perfusion

pressure in the immediate postoperative period. Our team is

currently collecting data to assess outcomes of this

strategy.

Healthcare providers also seek to identify factors in the

postoperative period which might predict failed Fontan

physiology leading to transplant, protein-losing enteropa-

thy (PLE), or plastic bronchitis in longer-term follow-up.

This would help identify at-risk patients early and give

clinicians the opportunity to intervene with therapies,

potentially avoiding end-organ damage, listing for heart

transplant earlier, or, at the very least, giving patients and

their families a more accurate prognosis of the child’s

tolerance of the Fontan physiology. Five patients in this

cohort developed failed Fontan physiology in the follow-up

period. By only univariate analysis, identified risk factors

would suggest that these may have been a different risk

subset of patients; however, likely secondary to small

numbers, multivariate analysis did not demonstrate any

statistically significant variables.

It is beyond the scope of this study to determine anything

beyond association between albumin administration and

outcomes. Because of variation in physician Fontan man-

agement with respect to the postoperative colloid adminis-

tration, it is difficult to determine whether degree of albumin

resuscitation was merely reflective of unfavorable Fontan

physiology (i.e., increased PVR, ventricular dysfunction) or

whether increased 5 % albumin could independently

increase PCTOandPLOS.Despite the factwewere unable to

find any other independent associations with any other

variable, the etiology of PCTO and PLOS is most certainly

multifactorial. It is feasible that avoidance of aggressive fluid

resuscitation and subsequent fluid overload in the immediate

postoperative period could lead to better outcomes including

decreased PLOS, especially in patientswith other risk factors

for persistent pleural drainage.Of note, positive fluid balance

was on average near ten times greater in patients with both

PCTO and PLOS, which is consistent with findings of the

deleterious effects of volume overload in other pediatric

cardiac surgical populations [13].

In addition to representing a potentially modifiable tar-

get to improve outcomes, we demonstrate that total 5 %

albumin administration in the first 24-h may serve as a

predictive tool to stratify those patients at high risk for

PLOS and PCTO. This high risk cohort could be the target

of quality improvement efforts and clinical research aimed

at decreasing duration of pleural drainage and PLOS. Focus

could be on therapies which might improve the unfavorable

inefficiencies of the postoperative Fontan physiology.

Therapies that decrease PVR and diastolic dysfunction

such as the phosphodiesterase type 5 inhibitor, sildenafil,

have recently been shown to improve longer-term out-

comes [14] and could be trialed selectively in a cohort at

highest risk for persistent effusions. A clinical study eval-

uating the impact of intravenous sildenafil on post-Fontan

outcomes when initiated in the immediate postoperative

period, starting in the cardiovascular operating room, is

underway at our institution.

There are limitations to this study. First, the study is a

single-center, retrospective review of data obtained through

chart reviews, hospital databases, and outpatient clinic

records, and thus, data are confounded by variations in

physician practice in regard to the administration of fluid,

perception of hypovolemia, use of inotropic agents, and

parameters for discontinuing chest tubes. Second, our study

was limited to ECC and cannot be applied to all Fontan

operations. Lastly, with respect to postoperative factors

which could predict failed Fontan physiology, we only had

five patients with a major morbid event and therefore could

not perform robust analyses.
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