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Abstract
The objective of this study was to detect if cardiopulmonary bypass time duration has any impact on the
duration of postoperative mechanical ventilation (MV). The study design was a systematic review and
regression analysis of pooled data from previously published studies. All available data are from prospective,
retrospective, cross-sectional, and observational studies. Participants included only patient/human studies.
There were no interventions. PubMed and Cochrane libraries were searched by utilizing different
combinations of keywords: cardiopulmonary bypass and mechanical ventilation. Inclusion criteria were: (1)
English articles, (2) studies with an adult population that underwent cardiac surgeries
using cardiopulmonary bypass (CPB), (3) studies where the duration of CPB is provided as well as the
duration of mechanical ventilation. A regression analysis was performed on the metadata.

For the hours of MV, eight studies with 13 data sets (as some studies provide data in subgroups) were
included for a total number of 989 subjects. The duration of CPB ranged from 55 to 173.5 minutes for these
operations. Postoperative MV hours ranged from nine to 408 hours. Stepwise multiple regression analysis
found that cardiopulmonary bypass time (CPBT), age, diabetes, male gender, and ejection fraction
correlated with prolonged mechanical ventilation; CPBT was the most strongly correlated variable.
Cardiopulmonary bypass time appears to affect clinical outcomes adversely and is associated with prolonged
MV. Avoiding CPB or limiting it to a minimum may decrease the days of MV required.

Categories: Anesthesiology, Cardiac/Thoracic/Vascular Surgery, Pulmonology
Keywords: cardiovascular surgery, cardiopulmonary bypass time, aorta cross-clamp time, clinical outcome,
mechanical ventilation

Introduction And Background
Cardiopulmonary bypass (CPB) technology is used in many cardiovascular surgeries, including coronary
artery bypass grafting (CABG) surgery [1]. Perioperative care of such patients is associated with substantial
utilization of health care resources predominantly from prolonging the stay of patients in intensive care
units and hospitals. These surgeries utilize CPB, which has been associated with some adverse effects. This
is most likely due to exposure of blood to abnormal surfaces and conditions leading to systemic
inflammatory responses [2]. More data are becoming available regarding these adverse effects. A majority of
these surgeries are CABG, and, with the advent of the off-pump bypass, adverse effects can be avoided.
However, data do suggest that off-pump surgeries may result in inferior graft patency and higher rates of
repeated target-vessel revascularization [3-5].

Additionally, transcatheter valvular implantations are relatively newer techniques that do not require
cardiopulmonary bypass technology. The clinical outcome of these complicated surgeries is dependent on
multiple factors. Therefore, several studies are available addressing the impact of these factors on clinical
outcomes, including CPB duration. We aim to pool data from these studies and perform a regression analysis
to evaluate the effect of CPB duration on the need for prolonged mechanical ventilation (MV).

Review
This analysis was performed and reported according to a prespecified protocol which was prepared in
accordance with the preferred reporting items for systematic reviews and meta-analyses (PRISMA)
statement. PubMed, Embase, Web of Science, and Cochrane Central Register of Controlled Trials databases
were searched for studies published between January 1990 and August 2019, inclusively. The keywords were
as follows: cardiopulmonary bypass time or CPBT and clinical outcomes, MV. An English language
restriction was imposed on the search. Two reviewers screened citations and abstracts in duplicate and
independently. The inclusion criteria encompassed adult population studies that have reported values for at
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least one of the outcomes of interest, and the study must have included data about the CPBT and reported
the patient number for all groups. Case reports, case series, systematic reviews, and meta-analyses were
excluded. Studies performed before 1990 were not included as CPB technology has changed significantly in
the last three decades. A disagreement between the reviewers’ decisions regarding inclusion and exclusion
were resolved through discussion. Two reviewers independently extracted variables from the identified
studies, including publication details, country of origin, setting, study design, patient characteristics,
interventions, methodological quality, compliance with the algorithm, and outcomes. CPBT duration was
extracted from studies as a mean with standard deviation. For studies with data reported in median and
interquartile range, mean and standard deviation were calculated utilizing methods outlined by Hozo et al.
[6].

Some studies provided data in subgroups: patients with renal failure versus no renal failure or patients with
atrial fibrillation versus patients without atrial fibrillation. Similarly, some studies provided data with a
shorter duration of CPBT and longer duration of CPBT; therefore, two datasets were created for those
studies. Study selection, data extraction, and statistical analysis were all done in accordance to previously
published methodology for meta-analyses. For stepwise regression analysis of metadata, all studies' variable
outcomes were selected as dependent variables, and CPBT and confounding variables were selected as
independent variables, and IBM SPSS Statistics for Windows, version 26 (IBM Corp., Armonk, NY, USA)
stepwise multiple regression analysis tool was utilized.

For MV (hours), eight studies (Figure 1) with 13 data sets (as some studies provide data in subgroups)
included a total number of subjects (N= 989) (Table 1). The duration of CPB ranged from 55-173.5 minutes
for these operations. The incidence of postoperative MV hours ranged from nine to 408 hours. Stepwise
multiple regression analysis found that CPBT, age, diabetes, male gender, and ejection fraction correlated
with prolonged MV; CPBT was the most strongly correlated variable (Table 2).

FIGURE 1: PRISMA flow diagram CPB time duration and MV duration
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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Study name Reason for grouping Number of patients CPBT mean MV hours

Covino 2001 [7]  16 78 19.11

Erkut 2013 [8] Beating heart 56 95 41

Erkut 2013 [8] Non-beating heart 65 84 33

Malik 2006 [9]  25 103.4 15.84

Medved 2008 [10]  30 55 14

Møller 2010 [11]  163 64.6 9

Muñoz 2000 [12] Survivors 142 88.5 48

Muñoz 2000 [12] Survivors with complications 18 127 223

Muñoz 2000 [12] Deaths 14 173.5 408

Remadi 2006 [13] Conventional 200 65.4 9.7

Remadi 2006 [13] Mini Jostra system 200 63.4 8.8

Schöttler 2007 [14] Conventional 30 100.7 20.7

Schöttler 2007 [14] MECC system 30 103.3 18

Total  989   

TABLE 1: Studies with data about CPB and PMV
Abbreviations: CPB, cardiopulmonary bypass; CPBT, cardiopulmonary bypass time; MECC, minimized extracorporeal circulation; MV, mechanical
ventilation; PMV, postoperative mechanical ventilation.
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Variable Mean SD dataset (N) Correlation P value

MV 66.78 117.29 13 1 .

CPBT mean 92.44 31.78 13 0.88 .001

CVA 3.7  1   

Age 49.27 29.66 12 -0.772 .002

Men (%) 72.89 13.99 10 -0.671 .017

DM 19.9 3.44 7 0.746 .027

HTN 39.46 10.07 8 -0.389 .17

AF 28.16 15.78 4 -0.892 .054

Cross clamp 37.45 20.86 8 -0.463 .124

Temp 34.63 1.59 8 -0.332 .211

MAP 56.75 14.31 4 -0.9 .05

Blood flow 2.5 0 2  0

Euroscore 4.6 1.53 4 -0.866 .067

Score II 8.16 3.88 3 0.97 .079

EF 47.05 14.59 7 -0.837 0.009

TABLE 2: Mechanical ventilation stepwise multiple regression analysis
Abbreviations: AF, atrial fibrillation; CPBT, cardiopulmonary bypass time; CVA, cerebral vascular event; DM, diabetes mellitus; EF, ejection fraction;
HTN, hypertension; MAP, mean airway pressure; MV, mechanical ventilation; SD, standard deviation.

Our results showed that a longer duration of CPB is associated with an increased incidence of a longer
duration of MV. Similarly, multiple studies comparing on-pump versus off-pump cardiovascular surgery
have documented adverse outcomes in on-pump conventional CPB patients [3,15-16]. 

Lastly, data suggest longer CPB leads to longer MV, and off-pump bypass is also associated with less time
with MV after CABG [17,18].

Is there a cutoff limit for CPB duration above which MV duration is affected? Most studies, however, record
data in terms of groups (less than 60 minutes or more than 120 minutes). Other studies presented data in
terms of frequency number of patients with CPBT more than 120 minutes or 90 minutes and compare these
outcomes. Therefore, it is unclear if less than 30 minutes have no adverse impact. Moreover, CPBT as a
continuous variable was rarely used in these studies. Therefore, our analysis has a unique value that we have
used CPBT as a continuous variable to estimate the extent of adverse impact on MV.

CPB has been shown to induce complement activation, endotoxin release, leukocyte activation, the
expression of adhesion molecules, and the release of many inflammatory mediators, including oxygen-free
radicals, arachidonic acid metabolites, cytokines, platelet-activating factor, nitric oxide, and endothelin [19].
This mechanism is postulated to translate into adverse clinical effects like prolonged MV.

We identified some weaknesses in our analysis. There was a paucity of studies with an expression of data in
terms of two groups with shorter and longer time duration of CPB. This precludes us from performing a
direct meta-analysis, although regression analysis does provide a relationship of time duration upon MV.
Regression analysis on metadata without incorporation of each study population size makes the result
independent of each study sample size and design. This may decrease the clinical strength of the results as
larger sample size studies with better design have an equal impact as studies with smaller sample sizes. We
should also mention that recent studies might have better clinical outcomes than earlier studies, as the
quality and technology of oxygen membranes in CPB have been improving. We did not have enough studies
with different types of CPB circuits. Therefore, we cannot perform a subgroup analysis. A similar effect from
advancement in surgical techniques have another confounding effect. Despite this, our stepwise multiple
regression provided an estimate of confounding variables: age, gender, and comorbid conditions, which
provide better correlation. Moreover, there was no significant collinearity, making our results more robust.
This highlights the importance of efforts to minimize the duration of CPB time or to consider off-pump
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surgeries if other risk profile also favors off-pump modality.

Conclusions
CPB time duration appears to affect clinical outcomes adversely and is associated with prolonged MV.
Increasing cytokine upregulation associated with longer exposure to CPB membranes may impact the
respiratory system in a way similar to systemic inflammatory response syndrome. Therefore, avoiding CPB
when feasible or limiting the duration to as little time as necessary when it is absolutely required may
decrease the days of MV. The addition of newly developed filters to remove cytokines is an option in the
near future.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Morris A, Almond D: Revascularization rates and waiting lists--an international perspective . Can J Cardiol.

1997, 13:53.
2. Kirklin JK: The postperfusion syndrome: inflammation and the damaging effects of cardiopulmonary bypass .

Cardiopulmonary Bypass: Current Concepts and Controversies. Tinker J (ed): W. B. Saunders, Philadelphia;
1989. 131-46.

3. Khan NE, De Souza A, Mister R, et al.: A randomized comparison of off-pump and on-pump multivessel
coronary-artery bypass surgery. N Engl J Med. 2004, 350:21-8. 10.1056/NEJMoa031282

4. Hannan EL, Wu C, Smith CR, et al.: Off-pump versus on-pump coronary artery bypass graft surgery.
Circulation. 2007, 116:1145-52. 10.1161/CIRCULATIONAHA.106.675595

5. Hattler B, Messenger JC, Shroyer AL, et al.: Off-pump coronary artery bypass surgery is associated with
worse arterial and saphenous vein graft patency and less effective revascularization: results from the
veterans affairs randomized on/off bypass (ROOBY) trial. Circulation. 2012, 125:2827-35.
10.1161/CIRCULATIONAHA.111.069260

6. Hozo SP, Djulbegovic B, Hozo I: Estimating the mean and variance from the median, range, and the size of a
sample. BMC Med Res Methodol. 2005, 5:13. 10.1186/1471-2288-5-13

7. Covino E, Santise G, Di Lello F, De Amicis V, Bonifazi R, Bellino I, Spampinato N: Surgical myocardial
revascularization (CABG) in patients with pulmonary disease: beating heart versus cardiopulmonary bypass.
J Cardiovasc Surg (Torino). 2001, 42:23-6.

8. Erkut B, Dag O, Kaygin MA, et al.: On-pump beating-heart versus conventional coronary artery bypass
grafting for revascularization in patients with severe left ventricular dysfunction: early outcomes. Can J
Surg. 2013, 56:398-404. 10.1503/cjs.018412

9. Malik V, Kale SC, Chowdhury UK, Ramakrishnan L, Chauhan S, Kiran U: Myocardial injury in coronary artery
bypass grafting: on-pump versus off-pump comparison by measuring heart-type fatty-acid-binding protein
release. Texas Hear Inst J. 2006, 33:321-327.

10. Medved I, Anić D, Zrnić B, Oštrić M, Saftić I: Off-pump versus on-pump-intermittent aortic cross clamping-
myocardial revascularisation: single center expirience. Coll Antropol. 2008, 32:381-4.

11. Moller CH, Perko MJ, Lund JT, et al.: Three-year follow-up in a subset of high-risk patients randomly
assigned to off-pump versus on-pump coronary artery bypass surgery: the Best Bypass Surgery Trial. Heart.
2011, 97:907-13. 10.1136/hrt.2010.211680

12. Muñoz R, Laussen PC, Palacio G, Zienko L, Piercey G, Wessel DL: Changes in whole blood lactate levels
during cardiopulmonary bypass for surgery for congenital cardiac disease: an early indicator of morbidity
and mortality. J Thorac Cardiovasc Surg. 2000, 119:155-62. 10.1016/S0022-5223(00)70231-5

13. Remadi JP, Rakotoarivelo Z, Marticho P, Benamar A: Prospective randomized study comparing coronary
artery bypass grafting with the new mini-extracorporeal circulation Jostra System or with a standard
cardiopulmonary bypass. Am Heart J. 2006, 151:198-1. 10.1016/j.ahj.2005.03.067

14. Schöttler J, Lutter G, Böning A, et al.: Is there really a clinical benefit of using minimized extracorporeal
circulation for coronary artery bypass grafting?. Thorac Cardiovasc Surg. 2008, 56:65-70. 10.1055/s-2007-
989336

15. Zamvar V, Williams D, Hall J, et al.: Assessment of neurocognitive impairment after off-pump and on-pump
techniques for coronary artery bypass graft surgery: prospective randomised controlled trial. BMJ. 2002,
325:1268-1268. 10.1136/bmj.325.7375.1268

16. Van Dijk D, Jansen EW, Hijman R, et al.: Cognitive outcome after off-pump and on-pump coronary artery
bypass graft surgery: a randomized trial. JAMA. 2002, 287:1405. 10.1001/jama.287.11.1405

17. Natarajan K, Patil S, Lesley N, Ninan B: Predictors of prolonged mechanical ventilation after on-pump
coronary artery bypass grafting. Ann Card Anaesth. 2006, 9:31-6.

18. Yokoyama T, Baumgartner FJ, Gheissari A, Capouya ER, Panagiotides GP, Declusin RJ: Off-pump versus on-
pump coronary bypass in high-risk subgroups. Ann Thorac Surg. 2000, 70:1546-50. 10.1016/S0003-
4975(00)01922-6

19. Wan S, LeClerc J-L, Vincent J-L: Inflammatory response to cardiopulmonary bypass . Chest. 1997, 112:676-

2019 Nadeem et al. Cureus 11(11): e6088. DOI 10.7759/cureus.6088 5 of 6

https://www.ncbi.nlm.nih.gov/pubmed/9444309
https://books.google.com/books?id=-XZsAAAAMAAJ
https://dx.doi.org/10.1056/NEJMoa031282
https://dx.doi.org/10.1056/NEJMoa031282
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.675595
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.675595
https://dx.doi.org/10.1161/CIRCULATIONAHA.111.069260
https://dx.doi.org/10.1161/CIRCULATIONAHA.111.069260
https://dx.doi.org/10.1186/1471-2288-5-13
https://dx.doi.org/10.1186/1471-2288-5-13
https://www.ncbi.nlm.nih.gov/pubmed/11292901
https://dx.doi.org/10.1503/cjs.018412
https://dx.doi.org/10.1503/cjs.018412
https://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC1592275&blobtype=pdf
https://hrcak.srce.hr/27211
https://dx.doi.org/10.1136/hrt.2010.211680
https://dx.doi.org/10.1136/hrt.2010.211680
https://dx.doi.org/10.1016/S0022-5223(00)70231-5
https://dx.doi.org/10.1016/S0022-5223(00)70231-5
https://dx.doi.org/10.1016/j.ahj.2005.03.067
https://dx.doi.org/10.1016/j.ahj.2005.03.067
https://dx.doi.org/10.1055/s-2007-989336
https://dx.doi.org/10.1055/s-2007-989336
https://dx.doi.org/10.1136/bmj.325.7375.1268
https://dx.doi.org/10.1136/bmj.325.7375.1268
https://dx.doi.org/10.1001/jama.287.11.1405
https://dx.doi.org/10.1001/jama.287.11.1405
https://www.ncbi.nlm.nih.gov/pubmed/17699905
https://dx.doi.org/10.1016/S0003-4975(00)01922-6
https://dx.doi.org/10.1016/S0003-4975(00)01922-6
https://dx.doi.org/10.1378/chest.112.3.676


92. 10.1378/chest.112.3.676

2019 Nadeem et al. Cureus 11(11): e6088. DOI 10.7759/cureus.6088 6 of 6

https://dx.doi.org/10.1378/chest.112.3.676

	Impact of Cardiopulmonary Bypass Time on Postoperative Duration of Mechanical Ventilation in Patients Undergoing Cardiovascular Surgeries: A Systemic Review and Regression of Metadata
	Abstract
	Introduction And Background
	Review
	FIGURE 1: PRISMA flow diagram CPB time duration and MV duration
	TABLE 1: Studies with data about CPB and PMV
	TABLE 2: Mechanical ventilation stepwise multiple regression analysis

	Conclusions
	Additional Information
	Disclosures

	References


