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a B s t r a c t
BacKgroUnD: the outcomes after prolonged treatment in the intensive care unit (icU) after surgery for stanford type 
a aortic dissection (taaD) have not been previously investigated.
MetHoDs: this analysis included 3538 patients from a multicenter study who underwent surgery for acute taaD and 
were admitted to the cardiac surgical icU.
resUlts: the mean length of stay in the cardiac surgical icU was 9.9±9.5 days. the mean overall costs of treatment 
in the cardiac surgical icU 24086±32084 €. in-hospital mortality was 14.8% and 5-year mortality was 30.5%. adjusted 
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study has been conducted in accordance with the 
principles set forth in the Helsinki Declaration.

Patients who fulfilled the following inclusion 
criteria were included in this registry: taaD 
with symptoms arisen within seven days before 
surgery; patients >18 years old; primary surgery 
for acute taaD; any concomitant major cardiac 
surgical procedure.5 the exclusion criteria of 
the registry were the following: prior surgical or 
endovascular procedure for taaD; retrograde 
taaD; concomitant endocarditis; taaD related 
to trauma.5

Patients who died in the operating room were 
excluded from this analysis. Patients with com-
plete data on the length of stay in the cardiac sur-
gery icU were the subjects of the present analy-
sis. the length of cardiac surgical icU was cal-
culated considering any readmission to the icU.

Outcomes

the primary outcome of this study was in-hos-
pital mortality, i.e. all-cause mortality occurred 
during the index hospitalization. the second-
ary outcome was five-year all-cause mortality. 
the length of stay in the icU was a secondary 
outcome as well as covariate of main interest of 
this analysis. early postoperative adverse events 
considered in this analysis were complications 
occurred during the index hospitalization. Death 
occurred in the icU was not considered an out-
come measure of this study because we expected 
that, in a few instances, patients with intractable 
complications might have been transferred to 
the ward after treatment withdrawal. Data on the 
date of death were collected retrospectively from 
electronic institutional and national registries 

surgery for stanford type a aortic dissection 
(TAAD) is associated with significant risks of 

early mortality and major postoperative adverse 
events.1 taaD patients may die in the operating 
room or shortly after because of uncontrollable 
bleeding and/or acute heart failure, while many 
patients with significant pre- and postoperative 
complications related to aortic dissection or sec-
ondary to complex surgical repair may require 
prolonged treatment in the cardiac surgical in-
tensive care unit (icU). no study has previously 
evaluated the prognostic impact of icU treat-
ment on these patients and only a few studies 
focused on the identification of risk factors as-
sociated with prolonged icU stay.2-4 Predictors, 
prognosis, and costs of prolonged icU treatment 
after surgery for acute taaD have been investi-
gated in the present study.

Materials and methods

Study population

the european registry of taaD (ertaaD)5 was 
a retrospective, multicenter study including con-
secutive patients who underwent surgery for acute 
taaD at 17 centers of cardiac surgery in eight 
european countries from January 2005 to March 
2021 (supplementary Digital Material 1: supple-
mentary table i). the ethical review Board of the 
Helsinki University Hospital, Finland (april 21, 
2021, diary no. HUs/237/2021) and the ethical 
review Board of each participating hospital ap-
proved this study. the requirement for informed 
consent was waived because of the retrospective 
nature of this study. in this study we followed 
the stroBe guidelines for cohort studies.6 the 

analyses showed that prolonged ICU stay was associated with significantly lower risk of in-hospital mortality (adjusted 
OR 0.971, 95%CI 0.959-0.982), and of five-year mortality (adjusted OR 0.970, 95%CI 0.962-0.977), respectively. Pro-
pensity score matching analysis yielded 870 pairs of patients with short icU stay (2-5 days) and long icU stay (>5 days) 
with balanced baseline, operative and postoperative variables. Patients with prolonged ICU stay (>5 days) had signifi-
cantly lower in-hospital mortality (8.9% vs. 17.4%, <0.001) and 5-year mortality (28.2% vs. 30.7%, P=0.007) compared 
to patients with short icU-stay (2-5 days).
conclUsions: Prolonged icU stay was common after surgery for acute taaD. However, when adjusted for multiple 
baseline and operative variables as well as adverse postoperative events and the cluster effect of hospitals, it was associ-
ated with favorable survival up to 5 years after surgery.
(Cite this article as: Biancari F, Hérve a, Peterss s, radner c, Buech J, Pettinari M, et al. Predictors, prognosis and costs 
of prolonged intensive care unit stay after surgery for type a aortic dissection. Minerva anestesiol 2024;90:654-61. Doi: 
10.23736/s0375-9393.24.18210-7)
Key words: aortic dissection; intensive care unit; Hospital costs.
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large. comparative analysis of roc curves was 
performed using the Delong’s test. in-hospital 
mortality was significantly higher in patients who 
were treated only one day in the icU. since many 
of these patients might have had severe bleeding, 
acute heart failure or irreversible end-organ in-
jury at admission to the icU, they were excluded 
from further analyses. the length of icU stay was 
dichotomized according to the median length of 
icU stay of the entire series, i.e., short icU stay 
(≤5 days) and long ICU stay (>5 days). Multilevel 
mixed-effects logistic regression was performed 
to estimate the probability of being included in 
the short or long icU stay cohorts considering 
the cluster effects of participating hospitals. all 
baseline and operative variables as well as early 
postoperative complications, but tracheostomy, 
listed in supplementary table iii were included 
into the regression model considering the dichot-
omized (2-3 days vs. >5 days) icU stay as the 
dependent variable. one-to-one propensity score 
matching was performed using a caliper width of 
0.2 the standard deviation of the estimated logit 
(i.e., 0.35). standardized difference lower than 
0.10 was considered as a non-significant imbal-
ance of the covariates between the study cohorts. 
two-sided P value less than 0.05 was considered 
statistically significant. Statistical analyses were 
performed with the sPss (version 29.0, sPss 
inc., iBM, chicago, illinois, Usa) and stata 
(version 15.1, statacorp llc, college station, 
tX, Usa) statistical softwares.

Results

Patients

the ertaaD dataset include data of 3735 con-
secutive taaD patients (supplementary table i). 
Patients (n.=72) with missing data on the length 
of icU stay and those who died intraoperatively 
(n.=125) were excluded from this analysis (sup-
plementary Digital Material 4: supplementary 
Figure 1). Overall, 3538 fulfilled the inclusion 
criteria of this study. their mean follow-up was 
3.9±4.2 years (median, 2.5, iQr 6.2). character-
istics and operative variables of these patients as 
well as their early and late outcomes are sum-
marized in supplementary table iii. independent 
baseline, operative and postoperative predictors 

and by contacting regional hospitals, patients, 
and their relatives.

Costs of treatment in the cardiac surgical ICU

thirteen participating hospitals provided infor-
mation on the estimates of daily expenditures 
of treatment in the cardiac surgery icU (sup-
plementary Digital Material 2: supplementary 
table ii). these costs refer to the average direct 
and indirect expenditures of treating adult car-
diac surgery patients in the icU as estimated by 
each hospital’s administration. the daily costs 
of treatment with postcardiotomy extracorporeal 
membrane oxygenation were obtained from six 
hospitals and their mean estimate was added, as 
a separate analysis, to the mean estimate of costs 
of treatment in the cardiac surgical icU when 
this salvage therapy was required.

Statistical analysis

continuous variables were reported as the means 
and standard deviations as well as the medians 
and interquartile ranges (iQr). categorical vari-
ables were reported as counts and percentages. 
Missing data were not replaced. The χ2 test, the 
Fisher’s exact tests and the linear-by-linear as-
sociation test were used to analyze differences 
of categorical variables and the Mann-Whitney 
test was used to compare continuous variables. 
the Kaplan-Meier method with the log-rank test 
was used to estimate the crude five-year mortal-
ity rates in the study cohorts. Multilevel mixed-
effects linear regression, logistic regression and 
parametric survival methods were used to identify 
the independent predictors of the length of stay in 
the ICU, in-hospital mortality and five-year mor-
tality, respectively, considering the cluster effect 
of the participating hospitals. regression models 
included all risk factors as well as early adverse 
events listed in supplementary Digital Material 
3, supplementary table iii. risk estimates were 
reported as coefficients, odds ratios (ORs) and 
hazard ratios (HRs) with their 95% confidence 
intervals (ci). calibration of the logistic regres-
sion model for identification of risk factors for in-
hospital mortality was assessed by estimating the 
area under (aUc) the receiver operating charac-
teristics curve (roc), slope, expected/observed 
in-hospital mortality ratio and calibration-in-the-
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mortality (Mann-Whitney test: P=0.170; linear-
by-linear association test for classes of length of 
icU stay, P=0.08). supplementary Digital Mate-
rial 8, supplementary Figure 4 shows consonant 
results with high 5-year mortality rate among 
those patients treated only one day in the icU. the 
crude 5-year mortality rates tended to increase in 
patients with a length of stay in the icU >25 days 
(supplementary Figure 4).

adjusted analyses considered patients treated 
three days in the icU as the reference group be-
cause they had the lowest crude in-hospital and 
five-year mortality rates (Supplementary Figure 
3, supplementary Figure 4). independent pre-
dictors of in-hospital mortality are reported in 
supplementary table iii. analysis of the calibra-
tion of probabilities estimated by the multivari-
able multilevel mixed-effects logistic regres-
sion model in predicting in-hospital mortality 
showed and aUc of the model of 0.884 (95%ci 
0.867-0.900), expected/observed mortality ratio 
of 0.993, calibration-in-the-large of 0.0013 and 
slope of 1.018 (supplementary Digital Material 
9, supplementary Figure 5). When adjusted for 
these independent predictors, prolonged icU 
stay was associated with significantly lower 
risk of in-hospital mortality (adjusted or 0.971, 
95%ci 0.959-0.982) (supplementary table iii). 
The AUC of the regression model did not signifi-
cantly improve after including the length of icU 
stay (aUc 0.885, 95%ci 0.867-0.902, P=0.752). 
Patients treated in the icU >13 days had lower 
adjusted risk of in-hospital mortality when the 
reference group were patients treated three days 
in the icU (Figure 1).

of the length of stay in the icU are listed in sup-
plementary table iii. Beside early postoperative 
adverse events, the magnitude of surgical proce-
dure was associated with the length of treatment 
in the icU (supplementary table iii). supple-
mentary Digital Material 5, supplementary table 
iv summarizes the independent predictors of the 
length of icU stay considering in the linear re-
gression model only patients’ baseline character-
istics and operative variables.

Duration of ICU treatment and postoperative 
mortality

the mean length of icU stay was 9.9±9.5 days 
(median 5.0 days, iQr 3.0-11.0). the number of 
patients according to the length of treatment in the 
icU are summarized in supplementary Digital 
Material 6, supplementary Figure 2. among these 
patients, the length of icU stay was associated with 
crude in-hospital mortality (Mann-Whitney test: 
P=<0.001, linear-by-linear association test for 
classes of length of icU stay, P<0.001). However, 
the in-hospital rate was markedly high (44.2%, 
115/260) among patients who were treated only 
one day in the icU (supplementary Digital Ma-
terial 7, supplementary Figure 3). supplementary 
Figure 3 demonstrates that crude in-hospital mor-
tality rates did not vary markedly in patients with 
prolonged icU stay and were close to the mean in-
hospital mortality rate of the entire series. indeed, 
when patients who were treated only one day in 
the icU were excluded from the analysis, the 
mean length of icU stay was 10.6±13.4 (median 
6.0, iQr 3.0-12.0), and the length of icU stay was 
not significantly associated with crude in-hospital 

Figure 1.—adjusted odds 
ratios of in-hospital mortality 
rates according to the length 
of stay in the icU. the red 
line refers to an odds ratio of 
1.0. Bars are 95% confidence 
intervals of the estimates 
(colors in the online version).
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Figure 3) compared to patients with short icU-
stay (2-5 days).

Daily and overall costs of ICU treatment

the mean value of daily expenditures for icU 
treatment was 2404±888 € (median 2245 €, iQr 
693 €). the estimated daily costs of postcardi-
otomy extracorporeal membrane oxygenation 
therapy were a mean value of 4008±2014 € (me-
dian 3964 €, iQr 1891 €). the overall costs of 
treatment in the cardiac surgery icU considering 
the mean values gathered from the participating 
hospitals was a mean of 23862±31629 € (median 
12020 €, iQr 19232 €) (supplementary table 
iii). When the mean costs of postcardiotomy ex-
tracorporeal membrane oxygenation were also 
considered, the overall daily expenditures were a 
mean of 24086±32084 € (median 14420 €, iQr 

the independent predictors of 5-year mortal-
ity are listed in supplementary table iii. When 
adjusted for these independent predictors, pro-
longed ICU stay was associated with signifi-
cantly lower risk of 5-year mortality (adjusted 
or 0.970, 95%ci 0.962-0.977) (supplementary 
table iii). When adjusted for these independent 
risk factors, patients treated in the icU >8 days 
had significantly lower adjusted risk of 5-year 
mortality (Figure 2).

Prognostic impact of short and long icu stay in 
patients with ICU stay >1 day

We observed an excessive in-hospital mortality 
(44.2%) among patients who were treated only 
one day in the icU. likely many of these pa-
tients were transferred to the icU in critical, in-
tractable postoperative conditions. after exclud-
ing 260 patients who were treated only one day 
in the icU, the outcomes of 3278 patients with a 
length of icU stay >1 day were evaluated. the 
mean length of stay on this subset of patients was 
10.6±13.4 days (median 6.0 days, iQr 9.0). this 
cohort of patients was dichotomized according to 
the median of the length of icU stay, i.e., short 
icU stay (2-5 days) and long icU stay (>5 days). 
Propensity score matching yielded 870 pairs of 
patients with comparable baseline and operative 
variables as well as early adverse events as dem-
onstrated by standardized differences <0.1 in all 
covariates (supplementary Digital Material 10, 
supplementary table v). Patients with prolonged 
ICU stay (>5 days) had significantly lower in-
hospital mortality (8.9% vs. 17.4%, <0.001) and 
five-year mortality (28.2% vs. 20.7%, P=0.007, 

Figure 2.—adjusted hazards 
ratios of 5-year mortality ac-
cording to the length of stay 
in the icU. the red line re-
fers to a hazard ratio of 1.0. 
Bars are 95% confidence in-
tervals of the estimates (col-
ors in the online version).

Figure 3.—Five-year mortality rates in propensity score 
matched pairs of patients with a short (2-5 days) and long 
(>5 days) stay in the icU. light blue and pink areas are 95% 
confidence intervals of the mortality risk estimates (colors in 
the online version).
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the onset of taaD and may worsen after surgery. 
these conditions translate into a risk of mortality 
which is highest shortly after surgery (Figure 1 
and Figure 2). in fact, mortality rates seem to de-
crease markedly in patients requiring three days 
of icU treatment and, when adjusted for multiple 
variables, may further decrease in those patients 
with prolonged ICU stay. These findings should 
be considered in the light of a very high incidence 
of postoperative end-organ complications. there-
fore, when pre- and postoperative complications 
are not deemed incurable, failure to rescue may 
be mostly related to the time and efforts spent to 
ameliorate these complications. in 1992, silber 
et al.8 observed that the adverse occurrence rate 
was associated primarily with patient characteris-
tics, while failure to rescue was associated more 
with hospital characteristics and less influenced 
by severity of illness of patient at admission. in 
the setting of patients undergoing emergency sur-
gery for acute taaD, we expect that a policy of 
prolonging the time of care to ameliorate severe 
complications might have been a key factor in 
rescuing these patients.

this study showed that expenditures for icU 
treatment of surgically treated taaD patients 
are significant. The daily costs of ICU treatment 
as herein calculated were close to those estimat-
ed in canada (2800 c$, i.e. about 1900 €) in pa-
tients treated between 2011 and 2016.9 a pooled 
analysis estimated that the daily expenditures of 
icU treatment in Belgium were 2160 €, without 
increased costs for cardiac surgery compared to 
other specialties.10 in 2016, gershengorn et al.11 
estimated daily costs of cardiac surgical icU 
treatment ranging from 2060 Us$ to 2325 Us$ 
(i.e., 1889 € to 2142 €), with the highest costs 
of 5166 US$ (4760 $) associated with the first 
day of icU treatment. takala et al.12 estimated 
that, between 2015 and 2017, the daily costs of 
icU treatment in Finland, estonia and switzer-
land were about 2100 €. However, we recognize 
that these valuations may largely underestimate 
the costs of icU treatment in taaD patients, be-
cause of their peculiar high risk of postoperative 
respiratory failure, acute kidney injury, severe 
bleeding, and neurological complications.

the length of treatment in the icU depends on 
the current severity of patient’s conditions and 

19232). the overall costs of treatment in the car-
diac surgery icU considering the mean values 
gathered from the participating hospitals was a 
mean of 23732±40136 € (median 12020 €, iQr 
21636) in patients who died during the index hos-
pitalization and 23884±29913 € (median 14424 
€, iQr 19232) in patients alive at discharge (ad-
justed for independent predictors of in-hospital 
mortality, P<0.001). When also the mean costs 
of postcardiotomy extracorporeal membrane 
oxygenation were considered, the overall expen-
ditures were a mean of 24703±41377 € (median 
12020 €, iQr 21636) in patients who died dur-
ing the index hospitalization and 23979±30185 € 
(median 14424 €, iQr 19232) in patients alive at 
discharge (adjusted for independent predictors of 
in-hospital mortality, P<0.001). Prolonged icU 
stay (>5 days) was associated with significant-
ly higher costs compared to patients with short 
icU-stay (2-5 days) (mean 8533±2635 €; medi-
an 9616 €, iQr 2404 vs. mean 30616±28690 €; 
median 21636 €, iQr 16828, P<0.001).

Discussion

the main results of the present study can be sum-
marized as follows: 1) a significant number of 
patients who survived surgery for acute taaD 
required prolonged icU treatment; 2) when ad-
justed for multiple baseline, operative and post-
operative covariates, prolonged icU stay was 
associated with favorable in-hospital survival; 
3) survival benefit of patients who required pro-
longed ICU treatment persisted up to five years 
after surgery; 4) extensive surgical repair and ma-
jor postoperative neurological, renal and bleeding 
complications contributed to prolonged icU stay; 
5) the estimated expenditures of icU treatment 
after surgery for acute TAAD was significant.

the prognostic impact of prolonged icU treat-
ment after surgery for acute taaD has not been 
previously investigated. this issue has several 
implications in terms of resource allocation as 
well as of policy of intensive therapies for taaD 
patients. Contrary to the present findings, previ-
ous studies demonstrated a negative prognostic 
impact of prolonged icU treatment in cardiac 
surgery patients.7 However, in the setting of emer-
gency surgical repair of taaD, clinicians are fac-
ing patients whose conditions are often critical at 
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Table I), which to some extent may reflect the 
case-mix of these hospitals. However, we may 
notice that a few hospitals adopted a strategy of 
prolonged icU treatment which was associated 
with favorable outcomes (supplementary table 
i). the cluster effect of participating hospitals 
and the related inter-institutional differences in 
the referral pathway and perioperative care have 
been considered using multilevel mixed-effects 
regression analyses. Finally, we do not have data 
on icU mortality. Data on this outcome was not 
gathered because we expected that some patients 
with incurable complications were transferred to 
surgical ward after withdrawing treatment.

Conclusions

in conclusion, prolonged icU stay was common 
after surgery for acute taaD and requires signif-
icant resources. still, when adjusted for multiple 
baseline and operative variables as well as ad-
verse postoperative events and the cluster effect 
of hospitals, it can be associated with favorable 
survival up to five years after surgery. These find-
ings should be viewed in the light of unfavorable 
outcome of patients who had a short icU stay 
because of a combination of severe preoperative 
and postoperative conditions typical of taaD 
patients. Despite these limitations, a thoughtful 
decision-making process of prolonging treatment 
in the icU can be associated with a good progno-
sis in many critically ill taaD patients. Data on 
the functional recovery of these patients is vital 
to evaluate the individual and societal benefits of 
allocating significant resources for intensive care 
of taaD patients with severe complications.

What is known

• the outcomes after prolonged treatment 
in the icU after surgery for stanford taaD 
have not been previously investigated.

What is new

• Prolonged icU stay was common after 
surgery for acute taaD and was associated 
with significant costs.

her/his comorbidities. We may expect that when 
icU stay is improperly prolonged, it may lead to 
the development of other complications such as 
infections or neuropsychological derangements. 
However, the duration of treatment in the icU 
is usually limited to the time strictly necessary 
to care for the critically ill patient. indeed, the 
high costs of icU therapies and the limited num-
ber of available icU beds for the treatment of 
patients in need of cardiac surgery are critical 
factors considered in the decision-making pro-
cess of whether discharge the patient to the sub-
icU, to the surgical or medicine ward, or even 
to peripheral hospitals. consequently, when the 
patient has not yet achieved complete stability, 
early discharge from the icU can be deleterious 
as acute worsening of organ functions may not 
be promptly recognized and treated. this may 
lead to an increased risk of failure to rescue from 
severe complications after surgery for taaD.

Limitations of the study

this study has several limitations which should 
be considered when evaluating the present find-
ings. the retrospective nature of the registry is 
the main limitation of this study. second, we 
do not have data on readmissions to the cardiac 
surgical icU, which might have contributed to a 
better understanding of the potential benefits of 
prolonged icU stay in reducing the risk of major 
complications occurring the surgical ward. third, 
the severity of some major adverse events such 
as stroke/global brain ischemia and heart failure 
were not graded in this registry, and most likely 
might have contributed to the increased mortality 
in patients with short icU stay. indeed, adjusted 
analysis does not allow a throughout analysis of 
the prognostic impact of these adverse events 
during a short stay in the icU and on the in-
creased risk of in-hospital mortality during the 
early postoperative days. considering these limi-
tations, we may expect that many patients with 
prolonged icU stay, despite having had a higher 
incidence of adverse events (supplementary ta-
ble v), were not in critical conditions and this has 
supported the decision of their prolonged treat-
ment in the cardiac surgical icU. Fourth, there 
is a large inter-institutional variability in terms 
of early and late mortality rates (supplementary 
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had favorable survival up to five years after 
surgery.
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