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1 | INTRODUCTION

As a result of recent advances in surgical technique, more than 95%

of children with congenital heart disease (CHD) will now survive into

Abstract

Background: High levels of vasoactive inotrope support (VIS) after congenital heart
surgery are predictive of morbidity in pediatric patients. We sought to discern if this
relationship applies to adults with congenital heart disease (ACHD).

Methods: We retrospectively studied adult patients (>18 years old) admitted to the
intensive care unit after cardiac surgery for congenital heart disease from 2002 to
2013 at Mayo Clinic. Vasoactive medication dose values within 96 hours of admis-
sion were examined to determine the relationship between VIS score and poor out-
come of early mortality, early morbidity, or complication related morbidity.

Results: Overall, 1040 ACHD patients had cardiac surgery during the study time
frame; 243 (23.4%) met study inclusion criteria. Sixty-two patients (25%), experi-
enced composite poor outcome [including eight deaths within 90 days of hospital
discharge (3%)]. Thirty-eight patients (15%) endured complication related early mor-
bidity. The maximum VIS (maxVIS) score area under the curve was 0.92 (95% ClI:
0.86-0.98) for in-hospital mortality; and 0.82 (95% Cl: 0.76-0.89) for combined poor
clinical outcome. On univariate analysis, maxVIS score 23 was predictive of compos-
ite adverse outcome (OR: 14.2, 95% Cl: 7.2-28.2; P < 0.001), prolonged ICU LOS ICU
LOS (OR: 19.2; 95% Cl: 8.7-42.1; P < 0.0001), prolonged mechanical ventilation (OR:
13.6;95% Cl: 4.4-41.8; P < 0.0001) and complication related morbidity (OR: 7.3; 95%
Cl: 3.4-15.5; P < 0.0001).

Conclusions: MaxVIS score strongly predicted adverse outcomes and can be used as
a risk prediction tool to facilitate early intervention that may improve outcome and

assist with clinical decision making for ACHD patients after cardiac surgery.
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adulthood.'? Estimates now place the adult congenital heart disease
(ACHD) population around 1 to 1.3 million with a growth rate of 5%
per year.? Despite improved survival, congenital heart surgery, and

cardiopulmonary bypass can still lead to significant morbidity and
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mortality.>* ACHD patients often require ongoing intervention for
their CHD throughout their lifetime for a variety of reasons that in-
clude repair of residual defects, valve and conduit replacement as
the child grows, and electrophysiological interventions for arrhyth-
mias.>>® A recent review by Holst et al demonstrated a high rate of
repeat sternotomy in the ACHD patient population.® Reoperations
can be associated with a higher risk of complications in these pa-
tients compared to the non-CHD cardiac surgical populations.>””?
Although the challenges associated with ACHD reoperation are well
recognized, more work is needed to identify specific perioperative
risk factors that will facilitate development of risk stratification
models to guide the care of these complex patients.®® Currently,
there are no cardiac scoring systems for assessing surgical risk in the
ACHD patient population. Tools for predicting outcome following
non-CHD adult cardiac surgery do exist,’% but are not inclusive of
ACHD specific risk factors.

The ideal CHD risk prediction tool would recognize the limitations
of existing scoring systems and incorporate specific variables that are
predictive of poor outcome in adult CHD surgical patients. Recently,
the postoperative requirement for vasopressor and inotrope hemo-
dynamic support has been validated as a strong predictor of morbid-
ity and mortality following pediatric CHD surgery.12 The vasoactive
inotrope score (VIS) is a summation of the total dose of vasopres-
sor and inotrope requirement at a single point in time. The maxi-
mum vasoactive inotrope score (maxVIS) calculated during the first
48 hours after surgery is a strong predictor of prolonged mechanical
ventilation and intensive care unit (ICU) length of stay for infants <6
months'? and <3 months of age.13 The relationship between maxVIS
and ACHD surgical outcomes has not been investigated.

We sought to evaluate the association between vasopressor/
inotrope requirements and outcome after ACHD surgery, in order
to identify whether the maxVIS score is a valid risk stratification tool
for ACHD patients. We hypothesized that the maxVIS score would
be a strong predictor of early death, prolonged mechanical ventila-
tion, ICU length of stay, acute renal failure, stroke, pneumonia, or
reoperation following ACHD surgery.

2 | MATERIALS AND METHODS

2.1 | Patient data collection

We performed a retrospective chart review of patients 18 years
of age and older, who underwent cardiac surgery for repair of
congenital heart defects at Mayo Clinic from November 2002 and
September 2013. This study was approved by the Mayo Clinic
Institutional Review Board.

The electronic medical record (EMR) was utilized to collect de-
mographic data, ICU admission and discharge date, length of me-
chanical ventilation, and death status and date. Comorbidities were
noted by chart review of the 5 years preceding the surgery.** In

addition, patients were assigned a RACHS-1 (risk adjustment for

congenital heart surgery) score based on their operative procedure
as described by Jenkins et al*>*¢

The inotrope and vasopressor doses were collected at 15 min-
ute intervals using automated data capture of the EMR system
for the first 96 hours of CICU admission. The VIS was calculated
using the equation described and validated in the pediatric pop-
ulation [VIS = Dopamine dose (pg/kg/min)+ Dobutamine dose
(ug/kg/min) + 100* Epinephrine dose (ug/kg/min)+ 10*Milrinone
dose (ug/kg/min) + 10,000*Vasopressin dose (U/kg/min) + 100*
Norepinephrine dose (ug/kg/min)].'? Day one Acute Physiology
and Chronic Health Evaluation Il (APACHE 1) and Sequential Organ
Failure Assessment scores (SOFA) were calculated using previously

describes methods.'”8

2.2 | Outcome measures

Primary end point of composite poor outcomes was evaluated and
defined as either having early mortality or comorbid events during
ICU stay following cardiac surgery (renal failure, reoperation for
bleeding, sternal wound infection, stroke, pneumonia, prolonged
ICU LOS, and prolonged postoperative mechanical ventilation.)
Mortality data was determined from evaluating the EMR or search-
ing the Social Security Death Registry. Early mortality was defined
as in-hospital death or death within 90 days of hospital discharge.
Determination of renal failure, reoperation for bleeding, sternal
wound infection, stroke, and pneumonia were retrieved from the
patient clinical chart. ICU LOS was calculated using ICU admission
and discharge time stamps retrieved from the EMR system. Length
of mechanical ventilation was determined from the time of ICU ad-
mission to the time of the extubation when ventilator measurements
were discontinued in the medical record. The 75th percentile of ICU
LOS was used to establish the cutoff value for defining prolonged
ICU LOS. Prolonged mechanical ventilation was defined as ventila-
tion 25 days based on previous research that had been published for
the same patient population.® In addition, due to the small incidence
of complication related outcomes, which includes renal failure, reop-
eration for bleeding, sternal wound infection, stroke and pneumonia,
a second composite outcome variable, complication related outcome
variable, defined as the occurrence of any of these morbidity out-

comes was also assessed in the analysis.

2.3 | maxVIS score definition

The postoperative temporal characteristics of VIS dose values up to
96 hours were examined. The maximum VIS values at each 24-hours
time interval during the first 48 hours after surgery were then cal-
culated. The VIS numerical ranges were converted to integer score
based on the temporal characteristics of VIS at each 24-hours pe-
riod. Patients were assigned a maxVIS score based on the highest
VIS score achieved during either the first or subsequent 24-hours
period (Table 1).
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TABLE 1 MaxVIS score classification

Maximum VIS in Maximum VIS

MaxVIS score 0-24h in24-48 h
1 <10 <5

2 10-14 5-9

3 15-19 10-14

4 20-24 15-19

5 225 220

Abbreviation: VIS, vasoactive inotrope support.

2.4 | Statistical analysis

Baseline characteristics and clinical outcomes were described
using medians with 25th and 75th percentiles for continuous vari-
ables, and frequencies and proportions for categorical variables.
The area under the curve (AUC) with 95% confidence interval (Cl)
was calculated after adjusting for significant confounding vari-
ables in order to assess the performance of maxVIS model in dis-
criminating poor clinical outcomes and comparing with standard
scoring systems. The Hosmer-Lemeshow (H-L) test was used to as-
sess the goodness of fit of the model for maxVIS alone. Chi-square
probability and R value was determined to compare scoring sys-
tems and demonstrate strength of correlation with poor outcome.
The observed and predicted log odds plots were created to ascer-
tain whether the risk model predicted clinical outcomes correctly
for VIS index. The odds ratio (OR) with 95% Cls was calculated
after adjusting for significant covariates for each primary outcome
variables to assess the association between adverse events and
VIS values. Potential confounding variables, including year of sur-
gery, age, RACHS-1 score, prior sternotomy status, aortic cross
clamp time, circulatory arrest times, BMI, and diabetes status were
assessed in the model. The year of surgery was included to ad-
just for changes in surgical procedures and patient care over time
that may have affected mortality rate over the past 10 years. A
backward elimination strategy with a statistical significance level
of 5% was used to exclude statistically insignificant confounding
covariates from the model. The analysis was performed on both
composite and each individual outcome variable. Analysis of vari-
ance was performed to compare APACHE Il, SOFA, and maxVIS
scoring systems in the two outcome groups. All statistical tests

were two-sided with a level set at 0.05 for statistical significance.

3 | RESULTS

Between November 2002 and 2013, 1040 ACHD patients age
18 years and older were admitted to the CICU following cardiac
surgery of whom 243 had complete demographic, clinical, and ino-
tropic-vasoactive data available. Four patients had two separate ad-
missions with admission dates ranging from 88 days to 1512 days
apart. Each admission for these four patients was treated as an in-

dependent event and specific statistical technique was applied to
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TABLE 2 Baseline patients characteristics

n
Variable (n =247)
Age at surgery (y) 33(18-83)
18-30 94 (38.1%)
31-50 106 (42.9%)
51-65 35 (14.2%)
265 12 (4.9%)
BMI (kg/m?) 25 (15-44)
Underweight (<18.5) 15 (6.1%)

Normal (18.5-<25)
Overweight (25-<30)

104 (42.1%)
83 (33.6%)

Obese (230) 45 (18.2%)
Gender

Male 102 (41.3%)

Female 145 (58.7%)
Ejection fraction (%) 55.36 + 10.79
Hypertension 35 (14.1%)
Smoking 35 (14.1%)
Dyslipidemia 34 (13.7%)
Stroke 25 (10.1%)
Infective endocarditis 20 (8.1%)
Diabetes type 2 15 (6.1%)
Coronary artery disease 12 (4.8%)
Renal failure 5(2.0%)
Prior sternotomies

1 137 (55.5%)

2 71(28.7%)

3 24(9.7%)

4 13(5.3%)

5 2(0.8%)
RACHS-1 category

1-3 229 (92.7%)

4-6 18 (7.3%)

Abbreviations: BMI, body mass index; RACHS-1, risk adjustment for con-
genital heart surgery.

Values expressed as number (n) and percentage, median (range), or
mean * 2SD.

adjust for intercorrelation within subjects. The demographic, base-
line clinical, and operative data are shown in Tables 2 and 3. SOFA
scores were calculated for all but 110 patients who had no biliru-
bin values measured prior to surgery. The day 1 SOFA score was
9.36 + 2.54 and the APACHE |l score was 17.52 + 15.46.

The patient outcome results are summarized in Table 4. Sixty-
two patients experienced composite adverse event (25%), including
eight deaths within 90 days of hospital discharge (3%). Thirty-eight
patients (15%) had at least one complication related morbidity event
(renal failure, reoperation for bleeding, sternal wound infection,
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TABLE 3 Operative and postoperative data TABLE 4 Summary of poor clinical outcome
n Clinical outcome variable n
Variable (n = 247) Combined poor clinical outcome
Cardiopulmonary bypass time (min) 108.31 £ 54.54 Composite mortality and morbidity 62(25%)
Aortic cross-clamp time (min) 52.76 + 45.58 Complication-related morbidity” 38 (15%)
ICU LOS (d) 2(1-77) Primary outcome
b
APACHE Il score 17.52 + 15.46° e 8 (3%)
Day 1 SOFA score 9.36 +2.54° Secondary outcome
n=181 Prolonged ICU LOS 50 (20%)
Length of mechanical ventilation (d) 1(0-77) Prolonged mechanical ventilation 22 (9%)
Postoperative vasoactive medication utilization Pneumonia 21 (9%)
Milrinone 255 (100%) Renal failure 18 (7%)
Epinephrine 237 (92.9%) Reoperation for bleeding 8 (3%)
Dopamine 39 (15.3%) Sternal wound infection 7 (3%)
Vasopressin 35 (13.7%) Stroke 5(2%)
Operations Abbreviations: ICU, intensive care unit; LOS, length of stay.
Pulmonary valve repair/replacement 37% Values expressed as total number (n) plus percentage.
T e e 19% Complication rf:lated morbldl.ty includes ar1y of the following r.norblfjlty
events: renal failure, reoperation for bleeding, sternal wound infection,
Aortic valve repair/replacement 14% stroke, and pneumonia.
Mitral valve repair/replacement 11% PMortality is in-hospital death or death within 90 days of hospital
Other 8% discharge.
Aortic aneurysm 5%
Atrial septal defect 4% Table 5. The maxVIS values were significant difference between
Ventricular septal defect 2% the first 12-hours and the second 12-hours interval during the first

Abbreviations: APACHE ll, acute physiology and chronic health evalua-
tion Il score; ICU LOS, intensive care unit length of stay; SOFA, and se-
quential organ failure assessment score.

Values expressed as number (n) and percentage, median (range) or
mean + 2SD.

“n =198.

Pn=181.

stroke, or pneumonia). All eight patients with early mortality also
experienced at least one morbidity event. None of the potential con-
founding factors, RACHS categories with dichotomized values of 1-3
and 4-6, year of surgery, age group, prior sternotomy status, aortic
cross clamp time, circulatory arrest times, BMI, and diabetes status
were found significantly correlated with either the composite ad-
verse event or each individual outcome variable.

3.1 | Vasoactive administration

Epinephrine was the most widely used vasopressor on ACHD pa-
tients (79.8%), and milrinone was the second most widely used va-
sopressor (70.4%). Only five patients (2%) received dobutamine, and
seven patients (2.8%) received norepinephrine during the first 96-

hours postoperative period.

3.2 | VIS characteristics

The pairwise comparisons of maxVIS values between the first and

the second 12 hours within each 24-hours period are shown in

24-hours postoperative period (estimated marginal mean difference
1.8; P =0.0094). No significant difference was found between the
two 12-hours intervals during the subsequent 24-96 hours period.
Since 100% patients received vasoactive support during the first
24-hours postoperative period, and the maximum VIS values during
this period was used in the VIS prediction model, we concluded that
it was appropriate to use a 24-hours interval in calculating VIS values
without losing any significant clinical information.

The temporal characteristics of VIS values during the first 96-
hours postoperative period of all patients by poor clinical outcome
were presented in Figure 1. Overall VIS values are higher for those
patients with at least one poor clinical outcome than those patients
without any poor outcome. For both outcome groups, VIS values are
higher during the first 24 hours than the subsequent postoperative
period for patients with and without any poor outcome, and the val-
ues stay relatively stable after 48 hours. Moreover, the amount of
vasoactive support ACHD patients received had much shorter dura-
tion on vasoactive support if they did not experience any poor out-
come. After 48 hours, only 12% of those patients who did not have
any poor outcome were still requiring vasoactive support, compar-
ing to 79% patients who did experience at least one poor outcome.

3.3 | maxVIS model performance—
discrimination and calibration

The performance characteristics of maxVIS prediction model for
ACHD patients are shown in Table 6. The H-L test result and ROC area
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suggest maxVIS has good calibration and reasonable discrimination
consistently for both the composite outcome and each individual mor-
bidity outcome. For the composite poor outcome, the AUC was 0.819
(95% CI: 0.755 to 0.883), and there is close agreement between pre-
dicted and observed poor outcome rate (H-L test, P = 0.205). Several
complication-related events that included reoperation for bleeding
(3%), sternal wound infection, and stroke (3%), had relatively wide
95% Cl for the AUC. This finding along with nonsignificant P value was
likely due to the small number of incidences of each event.

Mortality has the highest AUC value with narrow 95% CI
(AUC = 0.916, 95% Cl: 0.856 to 0.976). All eight adult patients who
experienced either in-hospital death or death within 90 days of hos-

pital discharge have maxVIS value 23.

TABLE 5 MaxVIS value pairwise comparison—adult CHD

patients
Mean

Time interval LS mean® (95% Cl)  difference P value

0-24 h
0-12h 14.3(12.9,15.7) 1.8 0.0094
12-24 h 12.5(11.1, 13.9)

24-48 h
24-36 h 10.1 (8.6, 11.5) 1.9 0.3606
36-48 h 8.2(6.7,9.7)

48-72 h
48-60 h 8.3(6.8,9.9) 0.9 0.9621
60-72 h 7.4(5.8,9.0)

72-96 h
72-84 h 6.5(4.9,8.2) 0.5 0.9889
84-96 h 6.0(4.3,7.7)

Abbreviation: Cl, confidence interval.
LS mean, least square mean, is the estimated marginal mean value of
maxV|S after controlling for poor clinical outcome.
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3.4 | VIS index model risk prediction performance

Figure 2 presents the predicted risk of a composite poor clinical out-
come using the VIS index. Overall the predicted risk of having a poor
clinical outcome is very consistent with the observed risk for the
complication related morbidity, prolonged ICU LOS, and prolonged
mechanical support.

3.5 | maxVIS model strength of association with risk

Based on the sensitivity and specificity of maxVIS score shown in
Table 7, maxVIS value of 3 was selected as the optimal cutoff value
with a sensitivity of 72.6% and a specificity of 84.3% in predicting
a poor clinical outcome. The outcomes of patients with maxVIS 23
(high maxVIS) were combined and compared with those patients
with maxVIS <3 (high maxVIS).

The results of strength of association for selected outcomes are
presented in Table 8. The association of maxVIS with early mortal-
ity, renal failure, reoperation for bleeding, sternal wound infection,
stroke, and pneumonia was not estimated due to the small incidence
of these outcomes. Overall high VIS (maxVIS = 3) was strongly asso-
ciated with adverse events (OR: 14.2; 95% Cl: 7.2-28.2; P < 0.0001).
Patients in the high VIS category were also more likely than those in
the low VIS category to experience prolonged ICU LOS (OR: 19.2;
95% Cl: 8.7-42.1; P < 0.0001), prolonged mechanical ventilation (OR:
13.6; 95% Cl: 4.4-41.8; P < 0.0001) and complication related mor-
bidity (OR: 7.3; 95% Cl: 3.4-15.5; P < 0.0001). Table 9 demonstrates
the comparison of outcome and performance characteristics of
scoring systems for APACHE, SOFA, and maxVIS. Significant score
increases were demonstrated in the poor outcome group (P < 0.01)
and receiver operating curves demonstrated superior correlation
with poor outcome of maxVIS compared to APACHE and SOFA.

Composite poor outcome = No

Composite poor outcome = Yes

40 - =

;sgo

TH8RE ;e

MaxVIS

10 =

o]
o]

o]

FIGURE 1 Box plot of maxVIS during
the first 96-hours postoperative period
by outcome—Adult CHD patients by
outcome. The graphical presentation of
VIS temporal pattern shows that maxVIS
values are higher during the first 24 hours
than the subsequent postoperative period

| I —
12 24 36 48 60 72 84 96

Duration on VIS (hrs)

12 24 36 48 60 72 84 96

! ! ! ! for patients with and without any poor

outcome, and the values stay relatively
stable after 24 hours
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TABLE 6 Performance characteristics of maxVIS

Clinical outcome

variable AUC 95% Cl H-L P-value
Combined clinical
outcome
Composite poor 0.819 (0.755,0.883) 0.205
outcome
Complication-re- 0.761 (0.672,0.850) 0.793
lated morbidity
Primary outcome
Mortality? 0.916 (0.856,0.976) 0.529
Secondary outcome
Prolonged ICU 0.851 (0.790, 0.912) 0.064
LOS
Prolonged 0.835 (0.747,0.924) 0.435
mechanical
ventilation
Renal failure 0.856 (0.790, 0.922) 0.133
Reoperation for 0.694 (0.462,0.925) 0.175
bleeding
Sternal wound 0.642 (0.488,0.797) 0.088
infection
Stroke 0.793 (0.641,0.944) 0.552
Pneumonia 0.718 (0.595, 0.840) 0.830

Abbreviations: AUC, area under the curve; Cl, confidence interval; H-L,
Hosmer-Lemeshow test; ICU, intensive care unit; LOS, length of stay.
®Mortality is in-hospital death or death within 90 days of hospital
discharge.

Composite Mortality and Morbidity

100

100

Risk of Poor Outcome (%)

FIGURE 2 VISindex predicted risk

of poor clinical outcome by variable. The 40
relationship between the observed risk

and the predicted risk based on the VIS 20
index model is illustrated graphically.
Overall the predicted risk of having a

poor clinical outcome is very consistent
with the observed risk for complication
related morbidity, prolonged ICU LOS, and
prolonged mechanical support

Prolonged ICU LOS

Y
[ ]

4 | DISCUSSION

This is the first study to evaluate the association between postopera-
tive vasopressor support and clinical outcomes for the ACHD surgi-
cal patient. High dose vasopressor support following adult congenital
cardiac surgery is highly predictive of poor outcome. The maxVIS
score quantifies the maximum amount of vasopressor/inotrope sup-
port required by a patient during the first 96 postoperative hours. Our
findings validate the maxVIS as a sensitive predictor of postoperative
morbidity and mortality that can be used for risk stratification for
the ACHD surgical population. We propose a VIS index risk predic-
tion tool (Figure 3), that can be used to guide prognosis and manage-
ment at any point in time in 96 hours postoperative ICU course. This
simplified VIS index model outperforms the original maxVIS model
for predicting early mortality and morbidity for ACHD patients. The
VIS index strengthens the traditional inotrope score’s ability to pre-
dict poor outcome by incorporating dose magnitude and duration of
inotrope support into the equation and could be used as an illness
severity score to lead to improved clinical care and guide therapeutic
decision-making. MaxVIS may also have prognostic utility in coun-
seling patients and families regarding their prognosis.

Currently, robust, well-validated risk prediction and stratification
tools for ACHD surgery do not exist. Furthermore, pediatric CHD
and adult non-CHD cardiac risk scores perform poorly when applied
to the ACHD population. Our validation of the maxVIS for predicting
poor outcome is an important step toward developing risk stratifi-

cation tools that are specific to the unique challenges encountered

Complication related outcome

Prolonged Mechanical Support

3 4 5 6 1 2 3 4 5 6

VIS Index
{> Observed o Predicted
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TABLE 7 Sensitivity and specificity of maxVIS in predicting poor
clinical outcome

maxVIS 1 2 S 4 5
Sensitivity 100%
Specificity 0%

90.3%
42.2%

72.6%
84.3%

43.5%
94.1%

21.0%
99.5%

Abbreviation: VIS, vasoactive-inotropic score.

TABLE 8 Univariate analysis—maxVIS as a predictor of poor
outcome

Clinical outcome

variable n (%) OR 95% CI P

Combined clinical
outcome

Composite poor 62 (25.1%) 14.2 (7.2,28.2) <0.0001

outcome

Complication- <0.0001
related

morbidity?

38(15.4%) 7.3  (3.4,15.5)

Primary outcome
Mortality® 8 (3%) N/A  N/A N/A

Secondary
outcome

Prolonged ICU
LOS

50 (20.2%) 19.2  (8.7,42.1) <0.0001

Prolonged 22 (8.9%) 13.6 (4.4, 41.8) <0.001

mechanical
ventilation

Abbreviations: Cl, confidence interval; ICU, intensive care unit; LOS,
length of stay; OR, odds ratio.

2Complication-related morbidity includes any of the following morbidity
events: renal failure, reoperation for bleeding, sternal wound infection,
stroke, and pneumonia.

®Due to the small incidence of the event, odds ratio of mortality is not
estimable.

during the ACHD perioperative period. Scoring systems developed
for the general cardiac surgical population can support prediction of
anesthesia risk, surgical mortality, and even prolonged mechanical
ventilation and hospital length of stay.'%'%'? However, scoring sys-
tems like the European System for Cardiac Operative Risk Evaluation
(Euro SCORE) were developed for coronary artery bypass patients,
they have failed to adequately predict morbidity and mortality risk
when applied to the ACHD patient.?° The significant association be-
tween vasopressor requirements and poor outcome in the ACHD
population is consistent with the findings of the original pediatric
CHD VIS validation studies.'?*® Since Wernovsky'’s conception of
the inotrope score (IS) in 1995, vasopressor requirements follow-
ing pediatric CHD surgery are commonly described with the IS or
the newer version of this score, the VIS.?! The VIS is simply the IS
with the addition of milrinone, vasopressin, and norepinephrine to

accommodate current clinical practice. The original pediatric VIS
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TABLE 9 Scoring systems comparison—outcome and
performance characteristics

Scoring Poor clinical
system outcome: No Poor clinical outcome:
(0-24 h) (n = 185) Yes (n = 62) P
maxVIS 9.7 (4.53) 17.4(7.72) <0.001
APACHE Il 12.1(7.38) 22.1(5.1) <0.001
SOFA 7 (1-13) 11 (1-18) <0.01
Composite AUC R P

poor

outcome
maxVIS 0.819 0.541 <0.001
APACHE 1l 0.731 0.368 <0.001
SOFA 0.741 0.413 <0.001

Abbreviation: APACHE |II, Acute Physiology and Chronic Health
Evaluation Il score; maxVIS, vasoactive-inotropic score; SOFA, Sequential
Organ Failure Assessment score.

Values expressed as number (n) and percentage, median (range) or
mean + 2SD.

ViSindex (l:;il:o(:ze O 95% CI (%)
1 6 3-11
2 30 16 —48
3 56 33-76
4 60 30-84
5

FIGURE 3 VIS Index Risk Prediction Tool. The VIS index

risk model was consistent in predicting the risk of poor clinical
outcomes for adult CHD patients. The color grids indicate the
degree of risk with light green color indicating the lowest risk and
maroon color indicating the highest risk of developing adverse
outcomes following cardiac surgery

validation performed by M. Gaies et al was the first to demonstrate
the highly significant association between the maximum vasopres-
sor support required during the first 48 postoperative hours and
poor outcome.*? Three additional pediatric VIS validation studies
have confirmed a consistent association between higher magnitude
of vasopressor support and poor outcome.*1%22

This is the first study to our knowledge to apply the pediatric
VIS to the adult CHD population. Surprisingly few investigations
have specifically evaluated the association between vasopressor
support and risk for poor outcome after adult congenital cardiac
surgery. A recent prospective study of 88 adult cardiac surgical pa-
tients included patients requiring surgery for CHD. All nonsurvivors

required inotropes in this analysis, and patients who required more
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than one inotrope had significantly longer hospital lengths of stay
(linear regression, P = 0.013).2% Vasopressor utilization has also been
associated with a greater postoperative base deficit and increased
ICU length of stay in the general cardiac surgical population.24

There are several limitations to our analysis that warrant con-
sideration. First, our evaluation of the maxVIS is based on an ACHD
patient population from a single institution. Therefore, even with the
modest patient sample size, our results may not be representative or
generalizable to all patient populations. Additionally, while we pro-
vide prognostication data on the role of VIS, there are no practical
studies in the literature asserting the utility of VIS in improving pa-
tient outcomes. Utilization of our VIS index risk prediction tool could
be used in such future study.

In conclusion, we report the first validation of the maxVIS score
for predicting morbidity and mortality after cardiac surgery in the
ACHD population. The maxVIS is a valid ACHD risk stratification
tool that can facilitate early intervention that may improve outcome
and assist with clinical decision making for ACHD patients after car-

diac surgery.
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