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ABSTRACT

Objective: Patients undergoing heart surgery are at high risk of postoperative fluid
accumulation due to long procedures and cardiopulmonary bypass. In the present
study, we sought to investigate the prevalence of postoperative fluid accumulation
and its relation to adverse events in patients undergoing cardiac surgery.

Methods: CAREBANK is prospective, single-center cohort study focusing on the
adverse events after cardiac surgery. The study population was divided into 2
groups based on 5% postoperative weight gain. All the in-hospital adverse events
are registered on the database. The end points of the present study were length of
hospital stay, length of intensive care unit stay, occurrence of new-onset atrial fibril-
lation after hospital major bleeding episodes major cardiac events, cerebrovascular
events, and death. Three-month and 1-year follow-up data also include all major
adverse events.

Results: Altogether 1001 adult cardiac surgery patients were enrolled. The most
frequent operations were coronary artery bypass grafting (56.3%). Five hundred
fifty-four out of 939 (59.0%) patients had >5% weight gain during index hospital-
ization. Patients with a weight gain >5% were more likely to be women, have lower
body mass index, had heart failure, and more often had preoperative atrial fibrilla-
tion. In-hospital period fluid accumulation was associated with reoperation due
bleeding and longer total hospital stay. At 3 months’ follow-up, weight gain 5%
or more was associated with increased occurrence of new-onset atrial fibrillation,
this was not reflected in the occurrence of strokes, transient ischemic attacks, or
myocardial infarctions.

Conclusions: Postoperative fluid excess is associated with adverse outcomes in
cardiac surgery. Women, low-weight patients, and patients with cardiac failure or
atrial fibrillation are prone to perioperative fluid accumulation. (JTCVS Open
2023;16:602-9)
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The results of our study suggest
that fluid therapy for patients
undergoing cardiac surgery
should be more individualized,
especially in certain subgroups
such as patients with low BM|,
women, and patients with heart
failure or AF, as well as proced-
ures with long cardiopulmonary
bypass times.

PERSPECTIVE

Patients undergoing heart surgery are at high risk
of postoperative fluid accumulation due to long
and complex procedures and the use of cardio-
pulmonary bypass. Our study indicates that
weight gain early after cardiac surgery is associ-
ated with adverse postoperative events and sup-
ports that fluid therapy for patients undergoing
cardiac surgery should be more individualized.

Medicine, “Emergency Services, “Division of Clinical Medicine, and "Medicity
Research Laboratory, University of Turku, Turku, Finland; and "Division of Peri-
operative Services, Intensive Care Medicine, and Pain Management, and “Heart
Centre, Turku University Hospital, Turku, Finland.

Funded by the Finnish Foundation for Cardiovascular Research, Helsinki, Finland;
Finnish Medical Foundation, Helsinki, Finland; and the State Research Funds of
the Hospital District of Southwest Finland.

ClinicalTrials.gov Identifier: NCT03444259.

Received for publication June 9, 2023; revisions received Sept 16, 2023; accepted for
publication Oct 15, 2023; available ahead of print Nov 28, 2023.

602 JTCVS Open * December 2023

Address for reprints: Atte Koskinen, MD, Department of Anesthesiology, Intensive
Care, Emergency Care, and Pain Medicine and Division of Perioperative Services,
Intensive Care Medicine, and Pain Management, Turku University Hospital and
University of Turku, POB 52, FI-20521 Turku, Finland (E-mail: atte.koskinen@
varha.fi).

2666-2736

Copyright © 2023 The Author(s). Published by Elsevier Inc. on behalf of The Amer-

ican Association for Thoracic Surgery. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.xjon.2023.10.017


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:atte.koskinen@varha.fi
mailto:atte.koskinen@varha.fi
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xjon.2023.10.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xjon.2023.10.017&domain=pdf

Koskinen et al

Adult: Perioperative Management

Abbreviations and Acronyms
AF = atrial fibrillation
BARC = Bleeding Academic Research Consortium
BMI = body mass index
CABG = coronary artery bypass grafting
CPB = cardiopulmonary bypass

ECG = electrocardiogram
ICU = intensive care unit
TIA = transient ischemic attack

Patients undergoing heart surgery are at high risk of post-
operative fluid accumulation due to cardiopulmonary
bypass (CPB), cardioplegia administration, and treatment
for surgical bleeding, as well as maintenance of adequate
perfusion pressure to vital organs in the intensive care
unit (ICU).l Several studies have shown an association be-
tween excessive fluid balance with length of hospital stay
and morbidity and mortality in critically ill patients after
surgery.””

In different types of surgical operations, restrictive fluid
therapy has been associated with a reduction in postopera-
tive complications.*” Moreover, patients are often hospital-
ized for decompensated heart failure or ischemic heart
disease before cardiac surgery, and therefore, may experi-
ence fluid overload before the operation.’ The data on the
effects and reasons of postoperative fluid overload in pa-
tients undergoing heart surgery are limited.’

In the present prospective study, we sought to investigate
the prevalence of postoperative fluid accumulation in pa-
tients undergoing cardiac surgery. In particular, we study
the association of postoperative weight gain with postoper-
ative complications and, most importantly, try to identify
patients at risk for fluid retention.

METHODS
Patients and Source of Data

CAREBANK is an ongoing Finnish prospective cohort study on patients
undergoing cardiac surgery. The CAREBANK study protocols were
approved by the Medical Ethics Committee of the Hospital District of
Southwest Finland (Nos. 8/1802/2014 and 65/1801/2015 from the Ethical
Committee of the Hospital District of Southwest Finland) and the THL
Ethics Committee of the Finnish Institute for Health and Welfare (Finland).
Informed consent was obtained from the participants of the CAREBANK
study. After giving written informed consent, the patient’s medical records
and laboratory results are comprehensively verified. Vital signs are
measured, including preoperative weight and electrocardiogram (ECG).
Operation date, urgency (ie, elective, emergency, or salvage), and operation
type are marked. After the postoperative ICU period, weight is measured
daily during the hospital stay. The highest postoperatively measured weight
of daily measurements was included in the analyses. All the in-hospital
adverse events are registered on the database. Three-month and 1-year
follow-up data includes all major adverse events death, cerebrovascular
events, myocardial infarction, repeat revascularization, and occurrence of

atrial fibrillation (AF). Ischemic stroke was defined as a permanent focal
neurological deficit adjudicated by a neurologist and confirmed via
computed tomography or magnetic resonance imaging. Transient ischemic
attack (TTA), defined by the treating neurologist. Myocardial infarction was
confirmed by a 12-lead ECG and/or with coronary angiography. The diag-
nosis of AF was confirmed by a 12-lead ECG recording or telemonitoring
indicating an AF episode of 10 minutes or longer. The research personnel
collected the follow-up data with telephone calls and hospital and primary
care records using a structured questionnaires and electronic case report
forms. Follow-ups for this report were done at 3 and 12 months
postoperatively.

The short-term end points of the present study were length of hospital
stay, length of ICU stay, occurrence of new-onset AF in a 12-lead ECG, ma-
jor bleeding episodes according to Bleeding Academic Research Con-
sortium (BARC) criteria, major cardiac events, cerebrovascular events,
and death as defined in 2017 Cardiovascular and Stroke Endpoint Defini-
tions for Clinical Trials (https://doi.org/10.1161/CIRCULATIONAHA.
117.033502). Three-month and 1-year outcomes were stroke, TIA,
myocardial infarction, new-onset of AF, and occurrence of permanent AF.

The study population was divided into 2 groups based on 5% postoper-
ative weight gain. Weight-based definition and the 5% limit are commonly
used, especially in nephrology studies.”*

Statistical Methods

Data are presented as mean £ SD or counts and percentages where
appropriate. The data were tested for normal distribution using the
Shapiro-Wilk test. Outcomes of categorical variables were evaluated
with the x? and Fisher exact tests. Continuous variables were evaluated us-
ing independent samples, the ¢ test or Mann-Whitney U test. Multivariate
analysis was used to evaluate possible predicting factors for 5% weight
gain/increase. When testing statistically significant clinical outcomes in bi-
nary logistic regression, 5% weight gain was used as the dependent vari-
able and sex, age, and body mass index (BMI) as covariates. Logistic
regression models were adjusted for significant baseline and operative
characteristics (Tables 1 and 2) and tested with the backward Wald method.
Cause-specific competing risk hazard model accounting for death was used
for new-onset AF after discharge analysis.

Linear regression models were used to evaluate effects of weight gain
related to treatment times (ICU and hospital). Linear models were adjusted
with weight, sex, and BMI. Statistical analyses were performed with SPSS
statistics version 27.0 software for Mac (IBM-SPSS Inc) and R statistics
software version 4.1.3 (R Foundation for Statistical Computing).

RESULTS

Altogether, 1001 adult patients undergoing cardiac sur-
gery were enrolled and 939 included (see Figure 1). The
most common reason for exclusion was missing weight
data. Hence, patients who died during surgery or in the
ICU are not included in the study because they did not
have weight measurements. During the first year, 2 (9%) pa-
tients died, 14 of them during hospitalization. Due to the low
mortality, 1-year death has not been used as an end point in
the study. The most frequent operations were coronary ar-
tery bypass grafting (CABG) (56.3%) and aortic valve
replacement (30.9%), and 81.8% of them were elective.
Mean weight gain at index hospitalization was
6.6% =+ 4.9%. Overall, 554 out of 939 (59.0%) patients
had >5% weight gain during index hospitalization. In kilo-
grams, the mean amount of the fluid accumulation after car-
diac surgery was 5.3 & 3.7 kg in the whole study population.
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TABLE 1. Preoperative characteristics of the study population

Characteristic All operations (n = 939) Weight gain <5% (n = 385) Weight gain >5% (n = 554) P value
Age (y) 65.7 £ 10.5 652+ 9.6 66.1 £ 11.1 226
Women 218 (23.2) 63 (16.4) 155 (28.0) <.001
Body mass index 282 +£5.0 29.8 +5.2 27.1 £4.5 <.001
Previous endocarditis 7(0.7) 1(0.3) 6 (1.1) 251
Treatment for dyslipidemia 632 (67.3) 277 (71.9) 355 (64.1) 011
Heart failure 114 (12.1) 36 (9.4) 78 (14.1) .029
Coronary artery disease 500 (53.2) 214 (55.6) 286 (51.6) 232
Previous myocardial infarction 129 (13.8) 58 (15.1) 71 (12.8) 317
Prior PCI 121 (12.9) 55 (14.3) 66 (11.9) .286
Prior CABG 8 (0.9) 2 (0.5) 6 (1.1) 483
Hypertension 655 (69.8) 285 (74.0) 370 (66.8) 018
Diabetes mellitus 243 (25.9) 121 (31.4) 122 (22.0) 001
Atrial fibrillation 200 (21.4) 66 (17.2) 134 (24.2) 010
PAD 52 (5.6) 24 (6.3) 28 (5.1) 430
Chronic lung disease 123 (13.1) 50 (13.0) 73 (13.2) 932
Active smoking 129 (13.8) 52 (13.5) 77 (14.0) .829
Exsmoker 284 (33.4) 127 (36.3) 157 (31.4) 137
Previous stroke 75 (8.0) 359.1) 40 (7.2) 298

Continuous variables are presented as mean £ SD; categorical variables are presented as n (%). Statistically significant P values are shown with boldface type. PCI, Percutaneous
coronary intervention; CABG, coronary artery bypass grafting; PAD, peripheral artery disease.

The maximum weight gain was measured in 2.5 & 1.1 days
after surgery.

Baseline and perioperative characteristics of the patients
are shown in Tables 1 and 2. Patients with a weight gain of
>5% were more likely to be women, have lower BMI, had
heart failure and more often had preoperative AF. Also, pa-
tients with >5% weight gain more frequently underwent
valve surgery, and they had longer aortic crossclamp time,
and CPB time compared with those with <5% weight gain.

TABLE 2. Operative characteristics of the study cohorts

Preoperative and perioperative characteristics associated
with >5% weight gain in multivariate regression models
are presented in Tables 3 and 4. Characteristics associated
with >5% weight gain were female sex (odds ratio [OR],
2.00; 95% CI, 1.42-2.82; P <.001), BMI (OR, 0.89; 95%
CI, 0.87-0.92; P <.001), preoperative AF (OR, 1.72; 95%
CI, 1.21-2.44; P = .002), preoperative heart failure (OR,
1.85;95% (I, 1.18-2.90; P = .008), aortic valve replacement
surgery (OR, 1.81; 95% CI, 1.33-2.47; P < .001), mitral

Operation type All (n = 939) Weight gain <5% (n = 385) Weight gain >5% (n = 554) P value
Elective surgery 768 (81.8) 303 (78.7) 465 (83.9) .041
Urgent surgery 168 (17.9) 81 (21.0) 87 (15.7) .038
Any AVR 290 (30.9) 94 (24.4) 196 (35.4) <.001
Off-pump CABG 159 (16.9) 108 (28.1) 51 (9.2) <.001
CABG 436 (46.4) 228 (59.2) 208 (37.5) <.001
CABG + valve 93 (9.9 13 (3.4) 80 (14.4) <.001
Any mitral valve 157 (16.7) 36 (9.4) 121 (21.8) <.001
Surgery of the ascending aorta 96 (10.2) 32 (8.3) 64 (11.6) 105
LAA closure 137 (14.6) 36 (9.4) 101 (18.2) <.001
Aortic crossclamp time (min) 96.2 + 314 91.3 +27.8 97.4 +29.1 .004
Cardiopulmonary bypass time 128.7 £ 55.8 120.3 £ 38.3 130.7 £ 59.3 .003

(min)

Continuous variables are presented as mean + SD; categorical variables are presented as n (%). Statistically significant P values are shown with boldface type. AVR, Aortic valve
replacement; CABG, coronary artery bypass grafting; LAA, left atrial appendage.
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FIGURE 1. Flow chart of the study.

valve surgery (OR, 2.11; 95% CI, 1.39-3.20; P <.001), and
CPB time (OR, 1.01; 95% CI, 1.01-1.01; P <.001).

Association of weight gain with postoperative short-
term, 3-month and 1-year events are presented in Table 5.
In-hospital period fluid accumulation was associated with
reoperation due bleeding and longer total hospital stay. At
3 months, weight gain was associated with increased occur-
rence of new-onset AF.

DISCUSSION

Our study indicates that weight gain early after cardiac
surgery is associated with adverse postoperative events
such as longer in-hospital treatment times. Especially
low-weight patients, women, those with AF, and/or heart
failure are at high risk of postoperative fluid accumulation.
In addition, long cardiopulmonary bypass time and
different operation types were remarkable risk factors for
excessive fluid accumulation.

Several studies have demonstrated that excessive fluid
accumulation postoperatively is associated with adverse clin-
ical outcomes, suggesting the importance of fluid manage-
ment control in ICU and postoperative wards.” Although
there is evidence that perioperative goal-directed hemody-
namic therapy may reduce mortality and morbidity in pa-
tients not undergoing cardiac surgery, the evidence is less
clear after cardiac surgery.”" Our study demonstrates
clearly that fluid accumulation is common after cardiac sur-
gery and it has several adverse effects. In the present study, in
addition of adverse outcomes, we focused on finding the fac-
tors that may predict the fluid accumulation after cardiac sur-
gery, to promote individual fluid therapy planning.

It is important to identify patients who are at risk to
excessive fluid accumulation. Our results suggest that
low-weight patients, women, and those with AF and heart
failure are at higher risk for postoperative fluid overload.
One explanation may be that fluid administration protocols
do not take into enough account the baseline weight and
BML. In addition to female sex and low body weight, exist-
ing AF was also a preoperative predictor for weight gain.
Prior studies have shown that fluid volume administered
on second postoperative day was greater in patients who
had AF,'"’ suggesting that hemodynamics in patients with
AF are more unstable. These patient-related factors should
be considered when planning cardiac anesthesia.

In terms of operative factors, patients undergoing valve
surgery appear to be at highest risk of fluid overload,
whereas patients undergoing CABG, especially off-pump,
are at lower risk. Valve surgery is often more complex
than common CABG, which partly explains the result,
because lengths of CPB and aortic crossclamping were
also strongly associated with fluid accumulation. Left atrial
appendage closure was also related to >5% weight gain,
but this obviously has strong correlations with preoperative

TABLE 3. Association of preoperative characteristics with >5% weight gain

Preoperative characteristic Odds ratio 95% CI P value
Age (y) 1.002 0.99-1.015 788
Women 2.003 1.42-2.82 <.001
BMI 0.891 0.87-0.92 <.001
Treatment for dyslipidemia 0.862 0.64-1.16 331
Heart failure 1.848 1.18-2.90 .008
Previous myocardial 0.957 0.65-1.42 .829
infarction
Hypertension 0.875 0.64-1.19 392
Diabetes mellitus 0.806 0.59-1.11 183
Preoperative AF 1.718 1.21-2.44 .002
PAD 0.601 0.33-1.10 .099
Chronic lung disease 1.004 0.67-1.51 985

Logistic regression analyses (Backward Wald). Age, sex, and BMI as covariates. Statistically significant P values are shown with boldface type. CI, Confidence interval;

BMI, body mass index; AF, atrial fibrillation; PAD, peripheral artery disease.
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TABLE 4. Association of operative characteristics with >5% weight gain

Operative characteristic Odds ratio 95% CI P value
Elective surgery 1.322 0.93-1.89 122
AVR 1.812 1.33-2.47 <.001
Off-pump CABG 0.252 0.17-0.37 <.001
CABG 0.457 0.35-0.60 <.001
CABG + valve 4.997 2.69-9.27 <.001
Mitral valve 2.109 1.39-3.20 <.001
Surgery of the ascending aorta 1.518 0.95-2.44 .084
LAA closure 2.207 1.44-3.38 <.001
Aortic crossclamp time (min) 1.011 1.01-1.02 <.001
Cardiopulmonary bypass time 1.009 1.01-1.01 <.001

(min)

Logistic regression analyses (Backward Wald) are adjusted with body mass index, age, and sex. Statistically significant P values are shown with boldface type. CI, Confidence
interval; AVR, aortic valve replacement; CABG, coronary artery bypass grafting; LAA, left atrial appendage.

AF. The results suggest that together with patient character-
istics (low-weight, AF, heart failure, and female sex), anes-
thesiologists should pay attention to fluid therapy in long
cardiac surgery procedures.

It is widely known that fluid accumulation has adverse
effects on patients’ postoperative recovery.” In our study,
postoperative weight gain was associated with reoperation
due to bleeding. Reoperation has a significant effect on pa-
tient mortality, morbidity, and prolonged ICU stay.'' The

risk of reoperation is influenced by the quality of the sur-
gery (surgical bleeding), but also by impaired hemosta-
sis.'” Because excessive fluid therapy can have major
effects on hemostasis, this association between reopera-
tion and fluid overload is complex. The association might
be bidirectional so that fluid overload predisposes to reop-
eration and reoperation to repair impaired hemostasis. In
addition, 1 reason for fluid accumulation may be the use
of blood products.

TABLE 5. Association of >5% weight gain with postoperative complications and events

Complications All (n = 935) Weight gain <5% (n = 383) Weight gain >5% (n = 552) P value
Postoperative complications
In-hospital death 8(0.9) 5(1.3) 3(0.5) 284
Reoperation due to 50 (5.3) 13 (3.4) 37 (6.7) 027
bleeding
Pneumonia 16 (1.7) 9(2.3) 7 (1.3) .208
Stroke 16 (1.7) 9(2.3) 7 (1.3) 210
Acute dialysis 2 (0.2) 0 (0.0) 2 (0.4) 516
Mediastinitis 4(04) 1(0.3) 3(0.5) .648
Length of ICU stay (h) 447 +74.8 32.3 +£35.1 32.4 +20.5 110
Length of hospital stay (d) 9.5£6.0 8.6£53 95+5.1 013
In-hospital paroxysmal 276 (37.6) 108 (34.1) 168 (40.3) .085
AF*
3-mo events (n =919) (n=374) (n = 545)
Stroke 20 (2.2) 14 (3.7) 6 (1.1) .007
TIA 8 (0.9) 0 (0.0) 8 (1.5) 019
MI 2 (0.2%) 1 (0.3%) 1(0.2) 1.000
New-onset AF in 3 mof 103 (15.0) 32 (10.8) 71 (18.1) .008
1-y events (n = 847) (n = 342) (n = 505)
Stroke 25 (3.0) 13 (3.8) 12 (2.4) 229
TIA 13 (1.5) 2(0.6) 11 (2.2) 064
MI 4(0.5) 1(0.3) 3 (0.6) .652
New-onset AF in 1 yi 21 (3.3) 5(1.9) 16 (4.3) .097

Categorical variables are presented as n (%); continuous variables are presented as mean + SD. Statistically significant P values are shown with boldface type. /CU, Intensive care
unit; AF, atrial fibrillation; T7A, transient ischemic attack; MI, myocardial infarction. *Patients with preoperative AF excluded, n = 734 (317 out of 417). {Patients with preop-
erative AF and AF in previous study visit excluded (n = 688 [296 out of 392]). {Patients with preoperative AF and AF in 3-month period excluded (n = 629 [260 out of 369]).
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Besides reoperation, fluid overload was associated with
longer hospital stay. It is clear that patients with longer hos-
pital stays use a greater amount of resources with a mark-
edly higher health care costs."’

Fluid accumulation also caused 3-month and 1-year com-
plications because it was associated with the occurrence of
new-onset paroxysmal AF. The effects of AF on a patient’s
quality of life are well known'*; most importantly, the need
for anticoagulation therapy due to an increased risk of
stroke.'” The mechanism of how postoperative fluid over-
load influences the onset of AF remains elusive, but possible
explanations may be the mechanical stretching of the atria
during fluid accumulation as well as electrolyte distur-
bances. Previous studies have shown that postoperative

AF have several adverse effects, such as increased risk of
short-term stroke and mortality.'®"”’

The major strength of this study is the prospective setting
of the CAREBANK study, focusing on the adverse events
after cardiac surgery. Furthermore, measured weight gain
was used to evaluate the fluid balance instead of calculating
the administered fluids, which is not reliable for predicting
body weight change.” However, because we used percent
weight gain, we might have missed some important fluid
overload in obese patients. With the limited number of pa-
tients and because of the patients who died in the ICU were
excluded because of the missing weight data, our data may
be underpowered to show significant association with out-
comes such as mortality and major adverse cardiac and

Risk of Fluid Accumulation after Cardiac Surgery

Open heart surgery

@ s THIRTR0M
L R
sas,  PRTRRRRE
Elective 81.8% "TaneTENTY

Prospective follow-up

Weight gain
@index hospitalization
OR (95%-Cl)
£2p Female sex 2.00 (1.42-2.82)
BMI 0.89 (0.87-0.92)
59.0% u Prior AF 1.72 (1.21-2.44)
AVR surgery 1.81 (1.33-2.47)

25% .
Mitral surgery 2.01 (1.39-3.20)
CBP time (min) 1.01 (1.01-1.01)
41.0% -
<5%

Endpoints @3m

- W

<5% 2 5%
Stroke/TIA 3.7% 2.6%
Ml 0.3% 0.2%
New onset AF 10.8% 18.1%

Cumulative incidence of new-onset AF

(]
o

n
o

20

15

10

1t
Tt
T

—
—
Tt

Cumulative incidence of new-onset AF (%)

00 01 02 0.3 04 05 0.6 0.7 08 09 1.0
Years after cardiac surgery
Patients at risk
— 309 282 275 260 257 254 254 254 253 252 248
— 411 354 340 317 313 311 311 311 310 309 299
— Weight change <5% —— Weight change > 5%

8 ) TCVS

OPEN

) Sy
N’

bioRender
Optional Add Authors Handles
y@AATSJournals

FIGURE 2. Risk of fluid accumulation after cardiac surgery. OR, Odds ratio; CI, confidence interval; BMI, body mass index; AF, atrial fibrillation; AVR,
aortic valve replacement; CABG, coronary artery bypass grafting; CBP, cardiopulmonary bypass; 7IA, transient ischemic attack; M1, myocardial infarction.

JTCVS Open ¢ Volume 16, Number C 607



Adult: Perioperative Management

Koskinen et al

30

25

20 A

15 4

10

Cumulative incidence of new-onset AF (%)

L S e
—_—
—_—
—_—
—
——

0.0 0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1.0

Years after cardiac surgery

Patients at risk
— 309 282 275 260 257
— 411 354 340 317 313

254 254 254 253 252 248
311 311 311 310 309 299

— Weight change < 5% — Weight change > 5%
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cerebrovascular events. Also, the inherent limitation of our
study is that positive fluid balance may also be due to sicker
patients with higher hospital mortality because they did not
respond to treatment, such as fluid resuscitation. Finally,
given the observational nature of our study, the causality
of the associations cannot be assured and requires a ran-
domized controlled study (Figure 2).

CONCLUSIONS

We found that women, low-weight patients, and patients
with cardiac failure or AF are especially prone to perioper-
ative fluid accumulation. Also, valve operations and opera-
tions with long CPB times predispose to fluid accumulation.
Postoperative fluid excess is associated with adverse out-
comes such as TIA and new-onset AF. The results suggest
that fluid therapy for cardiac surgical patients should be
more individualized, with particular attention to women,
low-weight patients, and patients with heart failure or AF
(Figure 3).
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