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ABSTRACT

Background: A prolonged hospital stay causes bed occupancy rates and increases hospital costs. This
study aimed to determine the factors affecting the ICU length of stay after coronary artery
bypass graft surgery (CABG).

Methods: In this descriptive cross-sectional study, 346 patients undergoing CABG between March
2015 and September 2016 were selected through convenience sampling. Based on their ICU
length of stay, the patients were divided into 2 groups: ICU length of stay < 72 hours (3 d)
(Group A) and ICU length of stay > 72 hours (Group B).

Results: Among the 346 patients studied, 93 (27%) patients had an ICU length of stay > 72 hours and
253 (73%) patients had an ICU length of stay < 72 hours. There was no statistically significant
difference in the ICU length of stay between the women and men (P = 0.536). The subjects with
a history of diabetes and hypertension were more likely to stay in the ICU for a longer period.
For the patients with an ICU stay > 72 hours, the number of blood products received; the use of
inotropes; the duration of cardiopulmonary bypass; the duration of intubation; cardiac,
pulmonary, neural, and renal complications; infection, receiving inotropes in the ICU;
postoperative bleeding; return to the operating room; receiving blood; and a history of bleeding
were among the influential factors during the patients’ stay in the ICU.

Conclusions: The results of this study showed that the factors increasing the ICU length of stay after
CABG were old age, a reduced left ventricular ejection fraction, a prolonged cardiopulmonary
bypass time, receiving inotropes, prolonged intubation, the use of the intra-aortic balloon pump,
receiving blood products, and postoperative bleeding. (Iranian Heart Journal 2019; 20(4): 85-91)
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mong cardiovascular diseases, coronary
Aartery disease is the most common

cause of death the world over. It is
estimated that around 500 000 coronary artery
bypass graft (CABG) surgeries are performed
annually in the United States. In Iran, 25 000
open-heart surgeries are performed per annum,
of which about 50%-60% are CABG. The cost
of these surgeries, which reflects the high
prevalence of heart diseases, is so significant
that the average cost of CABG for each patient
has been estimated to exceed US$ 44 000. * On
the other hand, a prolonged hospital stay after
CABG has increased the cost of treatment and
has significantly reduced the quality of life of
individuals. > A prolonged hospital stay limits
the number of surgical procedures planned to be
performed because beds are not available to
patients who are ready for surgery on time. ®
Cardiac intensive care units are specialized
units where patients undergoing cardiac
surgeries and those with severe diseases stay
and receive medical care. * Despite recent
efforts to shorten the intensive care unit (ICU)
length of stay, patients are hospitalized in these
units for varying time periods from 1 to several
days to be monitored. A prolonged ICU stay is
often associated with poor prognoses and
increased morbidity and mortality rates. ® Being
aware of this association can be effective in
reducing the ICU length of stay. ® Procedures
such as earlier tracheal extubation can help to
shorten the ICU length of stay. ' More than
36% of patients undergoing cardiac surgery
stay in the ICU for a long time, which is
associated with multiple organ failure and
increased mortality rates from 11% to 94%. The
causes of a prolonged ICU stay are not clear;
nonetheless, such risk factors as old age,
reduced ejection fractions, pulmonary diseases,
organ failure, and reoperation for examining the
intercostal space are deemed relevant. ®° The
only factor differentiating between open-heart
surgery and other surgical procedures is
cardiopulmonary bypass (CPB). Indeed, post-
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CPB patients are likely to occupy the ICU beds
for up to 36 hours due to bypass complications
and long periods of anesthesia. '° Predicting a
prolonged postoperative ICU stay is an
important issue in cardiac surgery. Despite the
improvements made in the past decades in
preoperative cardiac care, an increase in the
number of elderly and high-risk patients has led
to an increase in the rate of postoperative
morbidity. ***? These patients stay in the ICU
for a longer period and, as a result, the ICU bed
occupancy rates are higher, the use of health
resources is increased, and other surgical
procedures are canceled or postponed.
Predicting the ICU length of stay can help
surgeons decide when to operate on a patient
that requires a prolonged ICU stay. **° The
length of patients’ ICU stay after CABG is
influenced by factors such as age, sex, and
influential perioperative factors. The present
study attempted to identify the factors related to
a prolonged ICU stay after CABG.

METHODS

In this cross-sectional study, 346 patients
undergoing CABG between March 2016 and
September 2017 in Rajaei Cardiovascular,
Medical, and Research Centre in Tehran, Iran,
were selected through convenience sampling.
The inclusion criteria were comprised of age >
18 years and undergoing CABG, valve surgery,
coronary/valve surgery, and aortic surgery. The
patients who died after surgery were excluded
from the studied population. A questionnaire
was filled in by using the information obtained
from the patients’ medical records. This
questionnaire consisted of 4 parts: demographic
characteristics, various risk factors (before,
during, and after surgery), the ICU length of
stay (h), and in-hospital mortality. The data
were analyzed by SPSS, version 21. The mean
+ the standard deviation was used for the
descriptive variables that were expressed
numerically and had normal distributions and
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the median (interquartile range [3rd quartile-1st
quartile or 75th percentile—25th percentile]) was
used as average for the variables without
normal distributions. For the descriptive ordinal
and nominal variables, numbers (%) were used
to express their quantity. The one-sample
Kolmogorov—-Smirnov test was employed to
determine whether the distribution of the
variables was normal. For the numerical
variables, the independent t-test was utilized for
the variables with normal distributions and the
Mann-Whitney test for those without normal
distributions. The Mann-Whitney test was also
applied for the inter-group comparison of the
ordinal variables. The Pearson y* test or the
Fisher Exact test was drawn upon for the inter-
group comparison of the numerical variables
and binary logistic regression was used for the
multivariate analysis. A P value < 0.05 was
considered statistically significant. Ethical
considerations were observed during the whole
research.

RESULTS
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In this study, 346 patients undergoing CABG
were equally divided into 2 groups: Group A
(ICU length of stay < 72 h) and Group B (ICU
length of stay > 72 h) in order to determine the
factors causing an ICU length of stay > 72
hours after CABG.

Out of the 346 patients undergoing CABG, 249
(72%) patients were male and 97 (28%) were
female. The average age, height, and weight of
the patients were 62.5 = 10.3 years, 165 * 12
cm, and 81 = 10.2 kg, respectively; and the
average body mass index was 26.4 kg/m?.
Additionally, 253 (73%) patients had an ICU
length of stay < 72 hours and 93 (27%) had an
ICU length of stay > 72 hours. The average
ICU length of stay was 61.6 + 5.9 hours in
Group A (< 72 h) and 101.6 = 8.5 hours in
Group B (> 72 h). Table 1 depicts the
demographic data of the patients based on the
ICU length of stay. As is shown in Table 1,
factors such as age, left ventricular ejection
fraction, and a high-grade New York Heart
Association (NYHA) functional class (111/1V)
were significantly related to a prolonged ICU
stay.

Table 1. Demographic characteristics of the patients

Variable Group A (n=253) Group B (n=93) P
ICU Stay $72h ICU Stay >72h [IRELLS
Gender (M/F) 158/95 49/23 0.09
Age (y) 56.5+11.3 61.7+7.5 0.001
BMI 23.9 24.5 0.09
LVEF (%) 42+3 37+4 0.03
DM 13 28 0.16
High-grade NYHA FC (Ill/IV),% 48 67 0.01

ICU, Intensive care unit; BMI, Body mass index; LVEF, Left ventricular ejection fraction;
DM, Diabetes mellitus; NYHA FC, New York Heart Association functional class

Table 2. Intraoperative factors increasing the ICU length of stay

Variable Group A (n=253) Group B (n=93) @ P value
ICU Stay s72h ICU Stay >72h

Elective 224 73

Emergency 29 20 0.13
Inotrope use in OR 241 67 0.01
Anesthesia time, min 280 329 0.04
Duration of aortic cross-clamp, min 53 67 0.03
CPB time, min 101 129.5 0.00
CPR 3 16

Packed RBC transfusion, % 14.1 19.3 0.01

ICU, Intensive care unit; OR, Operating room CPB, Cardiopulmonary bypass;
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CPR, Cardiopulmonary resuscitation

Variable

Table 3. Postoperative factors increasing the ICU length of stay
Group A (n=253)
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Group B (n=93) P value

ICU Stay 72h ICU Stay >72h
Extubation time atICU, h 9+1.5 17435 0.03
High-dose inotropes, % 5.7 13.2 0.00
Re-operation duo to bleeding,% 1 9 0.00
Infection, % 10 17 0.01
CNS complications, % 1 3 0.15
ARF, % 1 2 0.05
Re-intubation 2 18 0.04

ICU, Intensive care unit; CNS, Central nervous system; ARF, Acute renal failure

Table 4. Logistic regression of the factors affecting the ICU length of stay

Variable B P value OR (95% CI
Intubation time 0.53 0.00 1.61]0.99-3.11]
Packed cells in ICU 0.21 0.01 1.15[1.01-2.16]
Inotrope infusion time in ICU 0.38 0.03 14.34[1.96-26.13]
Preoperative low ejection fraction 0.11 0.01 1.23[0.99-2.21]

All data are shown with median (interquartile range).
ICU, Intensive care unit; OR, Odds ratio; Cl, Confidence interval

DISCUSSION

The findings of this study included the results
of a survey on demographic features and
perioperative factors causing a prolonged ICU
stay after CABG obtained from 346
participants. From this total, 93 patients had an
ICU length of stay > 72 hours (Group A) and
253 patients an ICU length of stay < 72 hours
(Group B). We found that the factors increasing
the ICU length of stay after CABG include old
age, a decreased left ventricular ejection
fraction, a high-grade NYHA functional class
(1N/1V), the use of the intra-aortic balloon
pump (IABP), a prolonged CPB time, receiving
inotropic drugs, prolonged intubation, receiving
blood products, and postoperative bleeding.

In the elderly, cardiac reserve decreases and
comorbidities increase. This diminished health
capacity and physical power can affect
postoperative recovery and the ICU length of
stay. Due to muscle weakness and reduced
mass and tone in skeletal muscles, elderly
patients remain on mechanical ventilation for
longer periods. ****" In a study by Siberman et
al, '® elderly patients were hospitalized in the

ICU for more than 14 days after cardiac
surgery. Prolonged extracorporeal circulation
can lead to respiratory failure for many reasons,
which in turn can prolong the ICU stay. In the
current study, we found a significant
relationship between the ICU length of stay and
the use and duration of CPB.

Azarfarin et al " reported that 34.3% of their
patients were hospitalized in the ICU for longer
than 96 hours after open-heart surgery and
concluded that the factors causing the increase
in the ICU length of stay were receiving blood
products, a prolonged intubation time, and the
use of inotropes in the ICU. In a study by
Cserep et al, ** 14.5% of the patients stayed
more than 3 days in the ICU and 23.2% stayed
over 10 days in the hospital after cardiac
surgery. According to their report, factors such
as a history of chronic obstructive pulmonary
disease, the operative duration, the NYHA
functional class I11/1V, neurological problems,
arrhythmias, female sex, and infection were the
factors increasing the hospital and ICU length
of stay. In the studies of Mirinazhad et al, %
Suzanny Flegler et al, ! Tunc et al, ** and
Almashrafi et al, * factors such as arrhythmias,



Factors Influencing Prolonged ICU Stay After Coronary Artery Bypass Graft Surgery: Cross-sectional Study

the operative duration, age, sex, pulmonary
disease, renal disease, the postoperative use of
the IABP, receiving blood products, the number
of grafts, the type of surgery, a history of
cardiac surgery, receiving inotropes, and aortic
clamps were mentioned as the most influential
factors in increasing the ICU length of stay,
which is consistent with the results of the
present study.

Transfusion of blood and other blood products
can be associated with high mortality and
morbidity rates. Blood transfusion can play a
role in the development of pulmonary diseases
as it activates cytokines and the complement
system. Additionally, blood transfusion can
increase the risk of infection and mortality after
cardiac surgery. All of these factors will cause a
prolonged ICU stay. % In this study, transfusion
of blood products and high numbers of
transfused  products  were  significantly
associated with a prolonged ICU stay.

The most common hemodynamic disorder after
the use of CPB is the reduction of peripheral
resistance. When peripheral resistance is low, it
is difficult to discontinue the cardiopulmonary
pump.  With  the  administration  of
vasoconstrictors before cutting off the pump,
the systemic vascular resistance can be
normalized. Sometimes inotropes such as
dopamine, epinephrine, norepinephrine, and
dobutamine are required. In more severe cases,
a combination of epinephrine or norepinephrine
and amrinone with or without the IABP is
necessary to maintain the cardiac output.
Michalopoulos et al ** found that receiving
inotropes in the operating room and in the ICU
during the first 6 hours after the operation was
the most important factor in determining the
ICU length of stay. The results of the study by
Hein et al ?* showed that the amount of fresh
frozen plasma received in the operating room
and prolonged intubation were 2 important risk
factors for a prolonged ICU stay.

Limitations
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Due to the retrospective nature of the present
investigation, some of the records of the study
population were incomplete.

CONCLUSIONS

The results of this study showed that the factors
that increase the ICU length of stay after CABG
can be divided into 3 groups of preoperative,
intraoperative, and postoperative. Old age, a
high-grade NYHA functional class (111/1V), and
a decreased left ventricular ejection fraction
were among the preoperative factors; a
prolonged CPB time and receiving inotropic
drugs were among the intraoperative factors;
and prolonged intubation, the use of the IABP,
postoperative bleeding, and receiving blood
products were among the postoperative factors.
Recognizing the abovementioned factors by
physicians and nurses of the ICU and playing
an active role in the management of
postoperative complications can be effective in
reducing the hospital and ICU length of stay.

Conflict of Interest
The authors declare no conflict of interest.

REFERENCES

1. Imanipour M, Bassampour S, Bahrani N.
Preoperative  variables  associated  with
extubation time in patients undergoing coronary
artery bypass graft surgery. Hayat. 2006; 12 (1)
:5-16
URL: http://hayat.tums.ac.ir/article-1-214-
fa.htm.

2. Khairudin Z. Determinants of prolonged stay
after coronary artery bypass graft surgery.
Procedia-Social and Behavioral Sciences. 2012
Jan 1;36:87-95.

3. Michalopoulos A, Tzelepis G, Pavlides G,
Kriaras J, Dafni U, Geroulanos S. Determinants
of duration of ICU stay after coronary artery
bypass graft surgery. British journal of
anaesthesia. 1996 Aug 1;77(2):208-12.

4. Almashrafi A, EImontsri M, Aylin P. Systematic
review of factors influencing length of stay in

() 0T ‘6107 ‘TeuIno| 1¥ed ] ueruesy

89


http://hayat.tums.ac.ir/article-1-214-fa.html
http://hayat.tums.ac.ir/article-1-214-fa.html

() 0T ‘610 ‘TeuIno( 1¥ed ] ueruesy

90

Factors Influencing Prolonged ICU Stay After Coronary Artery Bypass Graft Surgery: Cross-sectional Study

10.

11.

12.

ICU after adult cardiac surgery. BMC health
services research. 2016 Dec;16(1):318.

Weissman C. Pulmonary complications after
cardiac surgery. InSeminars in cardiothoracic
and vascular anesthesia 2004 Sep (Vol. 8, No. 3,
pp. 185-211). 708 Glen Cove Avenue, Glen
Head, NY 11545, USA: Westminster
Publications, Inc..

Somlo DR, Repenning NP, Mangi AA. In-
Hospital Delays Result in Worse Patient
Outcomes and Higher Cost after Cardiac
Surgery. The Annals of thoracic surgery. 2018
Jun 13.

Richey M, Mann A, He J, Daon E, Wirtz K,
Dalton A, Flynn BC. Implementation of an early
extubation protocol in cardiac surgical patients
decreased ventilator time but not intensive care
unit or hospital length of stay. Journal of
cardiothoracic and vascular anesthesia. 2018
Apr 1;32(2):739-44.

Meadows K, Gibbens R, Gerrard C, Vuylsteke
A. Prediction of patient length of stay on the
intensive care unit following cardiac surgery: a
logistic regression analysis based on the cardiac
operative mortality risk calculator, EuroSCORE.
Journal of cardiothoracic and vascular
anesthesia. 2018 Mar 7.

Cigarroa CL, van den Bosch SJ, Tang X,
Gauvreau K, Baird CW, DiNardo JA, Kheir JN.
Measurement of Dead Space Fraction Upon ICU
Admission Predicts Length of Stay and Clinical
Outcomes Following Bidirectional
Cavopulmonary Anastomosis. Pediatric Critical
Care Medicine. 2018 Jan 1;19(1):23-31.

Toptas M, Sengul Samanci N, Akkoc I, Yucetas
E, Cebeci E, Sen O, Can MM, Ozturk S. Factors
Affecting the Length of Stay in the Intensive
Care Unit: Our Clinical Experience. BioMed
research international. 2018;2018.

Azarfarin R, Ashouri N, Totonchi Z,
Bakhshandeh H, Yaghoubi A. Factors
influencing prolonged ICU stay after open heart
surgery. Research in cardiovascular medicine.
2014 Nov;3(4).

Golitaleb M, Kargar F, Aghai FG, Harorani M,
Jadidi A, Abkenar HB, Haghazali M.

13.

14.

15.

16.

17.

18.

19.

20.

Sadeghi et al

Hyperbilirubinemia after open cardiac surgery.
Iranian Heart Journal. 2017 Jun 1;18(2):30-5.

Tun¢ M, Sahutoglu C, Karaca N, Kocabas S,
Askar FZ. Risk Factors for Prolonged Intensive
Care Unit Stay After Open Heart Surgery in
Adults. Turkish journal of anaesthesiology and
reanimation. 2018 Aug;46(4):283.

De Maria R, Mazzoni M, Parolini M, Gregori D,
Bortone F, Arena V, Parodi O. Predictive value
of EuroSCORE on long term outcome in cardiac
surgery patients: a single institution study.
Heart. 2005 Jun 1;91(6):779-84.

15.Golitaleb M, Haghazali M, Golaghaie F,
Ghadrdoost B, Sahebi A, Kargar F. Changes in
Liver Enzymes in the Patients Undergoing Open
Cardiac  Surgery and Related Factors.
International Journal of Advanced
Biotechnology and Research. 2017 Jan
1;8(3):2086-91.

Mahesh B, Choong CK, Goldsmith K, Gerrard
C, Nashef SA, Vuylsteke A. Prolonged stay in
intensive care unit is a powerful predictor of
adverse outcomes after cardiac operations. The
Annals of thoracic surgery. 2012 Jul
1;94(1):109-16.

Rohde SL, Baker RA, Tully PJ, Graham S,
Cullen H, Knight JL. Preoperative and
intraoperative factors associated with long-term
survival in octogenarian cardiac surgery
patients. The Annals of thoracic surgery. 2010
Jan 1;89(1):105-11.

Silberman S, Bitran D, Fink D, Tauber R, Merin
O. Very prolonged stay in the intensive care unit
after cardiac operations: early results and late
survival. The Annals of thoracic surgery. 2013
Jul 1;96(1):15-22.

Cserép Z, Losoncz E, Téth R, T6th A, Juhasz B,
Balog P, Vargha P, Gal J, Contrada RJ, Falger
PR, Székely A. Self-rated health is associated
with the length of stay at the intensive care unit
and hospital following cardiac surgery. BMC
cardiovascular disorders. 2014 Dec;14(1):171.

Mirinazhad M, Parsa D, Faridaalaece G,
Bilehjani E, Irajian M, Shadvar K, Naghipour B.
Prevalence and Risk Factors for Prolonged ICU



Factors Influencing Prolonged ICU Stay After Coronary Artery Bypass Graft Surgery: Cross-sectional Study

21.

22.

Stay After Adult Cardiac Surgery. Annals of
Anesthesiology and Critical Care. 2016;1(1).

Flegler S, Paro FM. Factors associated with
intubation time and ICU stay after CABG.
Brazilian journal of cardiovascular surgery.
2015 Dec;30(6):631-5.

Ing RJ, Goldberg SP, Twite MD. Anesthetic
Techniques for Specific Cardiac Pathology.
InPediatric and Congenital Cardiology, Cardiac
Surgery and Intensive Care 2014 (pp. 625-657).
Springer, London.

23.

24.

Sadeghi et al

Hein OV, Birnbaum J, Wernecke K, England M,
Konertz W, Spies C. Prolonged intensive care
unit stay in cardiac surgery: risk factors and
long-term-survival. The Annals of thoracic
surgery. 2006 Mar 1;81(3):880-5.

Michalopoulos A, Nikolaides A, Antzaka C,
Deliyanni M, Smirli A, Geroulanos S,
Papadimitriou L. Change in anaesthesia practice
and postoperative sedation shortens ICU and
hospital length of stay following coronary artery
bypass surgery. Respiratory medicine. 1998 Aug
1;92(8):1066-70.

() 0T ‘6107 ‘TeuIno| 1¥ed ] ueruesy

91



