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Predictive Factors of Ventilator Dependency after Colon and 
Rectal Surgery 
 
Zhobin Moghadamyeghaneh, M.D., Gracehwang, M.D.,Mark H. Hanna,M.D., Joseph C. 
Carmichael,M.D., Steven D. Mills, M.D., Alessio Pigazzi, M.D., Michael J. Stamos,M.D. 
From Department of Surgery, School of Medicine, University of California, Irvine, 
Orange, California 
 
There is limited data analyzing ventilator dependency by operative diagnoses and types 
of the procedures performed in colorectal surgery. We sought to identify predictive 
factors of ventilator dependency in colorectal surgery and investigate complication rates 
across various colorectal procedures. The National Surgical Quality Improvement 
Program database was used to examine the clinical data of patients with ventilator 
dependency for more than 48 hours after colorectal resection during 2005–2013. 
Multivariate regression analysis was performed to identify predictors of ventilator 
dependency. A total of 219,716 patients who underwent colorectal resection were 
identified. The rate of ventilator dependency was 3.9 per cent. The rate varied 
significantly based on patient diagnosis; with the highest rate seen in patients with 
acutemesenteric ischemia (25.9%). The highest risk of ventilator dependency according 
to the patients indication of surgery, type of the procedure, and preoperative factors exist 
in lower gastrointestinal bleeding [adjusted odds ratio (AOR): 77.44, P < 0.01], total 
colectomy (AOR: 1.58, P 5 0.04), and American Society of Anesthesiologists  
Classification of three or greater (AOR: 2.52, P < 0.01). Also, serum albumin level 
(AOR: 0.67, P < 0.01) seems to be associated with ventilator dependency. The overall 
rate of ventilator dependency is 3.9 per cent in colorectal surgery.  However, depending 
on the indication for surgery, rates can be as high as 25.9 per cent. American Society of 
Anesthesiologist score can predict the risk of postoperative ventilator dependency in 
patients undergoing colorectal surgery. Serum albumin level is reversely associated with 
postoperative ventilator dependency. 
 
What does this paper add to the literature? 
 

In this manuscript, we report on 19 predictive factors of ventilator dependency 
after colorectal Surgery. Although ventilator dependency is not common after colorectal 
surgery, the rate can be significantly high depending on the type of the procedure 
performed and indication for surgery. Among preoperative factors, American Society of 
Anesthesiologist (ASA) score is the strongest predictor of ventilator dependency. Also, 
we analyzed the incidence and mortality of ventilator dependency in colorectal surgery. 
Moreover, additional factors such as, body mass index (BMI), serum albumin level, 
hematocrit, and anesthesia length seem to be associated with ventilator dependency. 
VENTILATOR DEPENDENCY IS a well-known complication in general surgery and 
associated with significant postoperative mortality and morbidity.1–3 It is important 
to recognize risk factors before operation in an effort to decrease the morbidity and 
mortality of these patients. 

Previous studies have introduced the concept of ventilator dependency as a 
multifactorial condition resulting from a combination of risk factors, partly due to the 



patient comorbid conditions and partly to the process of patient care and type of the 
procedure.1, 2 Ventilator dependency should be investigated separately with 
respect to different procedures. However, few reports have focused on the independent 
risk factors for ventilator dependency after colorectal operations.  

According to the literature, the incidence of ventilator dependency after colorectal 
surgery is 5.7 per cent.3 However, patients can be very ill in some situations such as 
peritonitis or obstruction with a different risk of postoperative ventilator dependency. The 
purpose of this study is to evaluate the independent risk factors for postoperative 
ventilator dependency in the colorectal surgical population and investigate ventilator 
dependency according to various diagnoses and types of procedures to help identify high 
risk patients in colorectal surgery and help develop preventative measures in the future. 

 

 
 
Materials and Methods 
 

This study was performed using the American College of Surgeons National 
Surgical Quality Improvement Program (ACS NSQIP) database from January 1, 2005 
to December 31, 2013. American College of Surgeons National Surgical Quality 
Improvement Program is an outcomes-based program used to improve the quality of 
surgical care in the United States.4 Approval for the use of the NSQIP patient-level data 
in this study was obtained from the Institutional Review Board of the University of 
California, Irvine Medical Center, and NSQIP. We included patients who underwent 
colorectal resections based on the Current Procedural Terminology codes of 44140–
44160, 44204–44212, 44227, 44625, 45110–45114, 45119, 45120, 45123–45135, 45397, 



45402, 45550, and 45395. Patients who underwent colorectal surgery without colon or 
rectal resection, patients younger than 18 years, and patients who had preoperative 
ventilator dependency were excluded from the study.  Postoperative ventilator 
dependency was defined as the need for ventilator support for more than 48 hours. 
Variables in the study were defined according to original variables of NSQIP and the 
International Classification of Diseases, 9th Revision, clinical modifications (ICD-9-CM) 
codes which are listed in Table 1. The rates of postoperative ventilator dependency 
according to surgical diagnosis and the procedure type were examined. Risk-adjusted 
analysis was performed to identify predictors of ventilator dependency. 
 
Statistical Analysis 
Statistical analysis was performed using the SPSS® software, Version 22 (SPSS Inc., 
Chicago, IL). Multivariate analysis using logistic regression was used to estimate the 
association between perioperative factors and postoperative ventilator dependency, as 
well as to compare ventilator dependency between different surgical procedures and 
pathologic conditions. P values less than 0.05 were considered statistically significant. 
For each variable, the adjusted odds ratio (AOR) with a 95 per cent confidence interval 
(CI) was calculated to estimate the relative risk associated with ventilator dependency. 
Adjustments were made for all variables of the study. 
 

 
SD, Standard deviation; COPD, Chronic obstructive pulmonary disease. 
* Partially or complete dependency before surgery. 
y Presence at the time of operation. 
z Preoperative sepsis, septic shock, and systemic inflammatory response syndrome. 



Results 
 

We sampled 219,716 patients who underwent colorectal resection from 2005 to 
2013. The median age of patients was 62 years. The majority of the patients were white 
(86.1%) and female (52%). The most common comorbidities included hypertension 
(48.7%) and diabetes mellitus (14.5%). Demographic data of patients are reported in 
Table 2.  

Of all patients who underwent colorectal resection, 8567 (3.9%) had postoperative 
ventilator dependency. Median hospitalization length for patients with or 
without ventilator dependency were 22 and 6 days, respectively (CI: 13.58–14.75, P < 
0.01). The unadjusted mortality rate in patients with and without postoperative 
ventilator dependency was 27.7 per cent and 1.8 per cent, respectively. After adjusting 
for comorbidities, the risk of mortality was four times greater in patients with ventilator 
dependency (AOR: 4.02, CI: 3.52–4.59, P < 0.01).  

The risk-adjusted analysis for factors associated with postoperative ventilator 
dependency is reported in Table 3. Among, preoperative factors, the ASA score of three 
or greater was the strongest predictor of ventilator dependency (AOR: 2.52, P < 0.01). 
Among preoperative laboratory biochemical parameters, serum albumin was reversely 
associated with ventilator dependency (AOR: 0.67, P < 0.01). Moreover, intraoperative 
factor of the amount of products transfused was associated with postoperative ventilator 
dependency (AOR: 1.21, P < 0.01).  Moreover, intraoperative factor of the amount of 
products transfused was associated with postoperative ventilator dependency (AOR: 1.21, 
P < 0.01). 
 

 
* Partially or complete dependency before surgery. 
y Presence at the time of operation. 
z Preoperative sepsis, septic shock, and systemic inflammatory response syndrome. 
 



Overall rate of ventilator dependency after colorectal surgery was 3.9 per cent. However, 
the rate of ventilator dependency varied depending on the indication for surgery and the 
procedure type. Among indications for colorectal resection, patients with acute mesenteric 
ischemia had the highest rate of ventilator dependency (25.9%), followed by patients with 
colorectal perforation (23.8%). In addition, among colorectal procedures patients who underwent 
total colectomy had the highest rate of ventilator dependency (8.2%) followed by pelvic 
exenteration (6.4%) (Table 4). Risk-adjusted analysis of ventilator dependency by the procedure 
type and the indication for surgery is reported in Table 4. Among all indications for operation, 
patients who had lower gastrointestinal bleeding (AOR: 77.44, P < 0.01), colorectal perforation 
(AOR: 28.31, P < 0.01), and acute mesenteric ischemia (AOR: 14.80, P < 0.01) had a 
significantly increased risk of postoperative ventilator dependency. Among colorectal procedures, 
patients who underwent total colectomy had the highest risk of ventilator dependency (1.58, P 4 
0.04). Also, colonic procedures (including total colectomy and partial colectomy) had a higher 
risk of ventilator dependency compared with rectal procedures (including pelvic exenteration, 
anterior resection, and proctectomy) (AOR: 1.26, CI: 1.09–1.46, P < 0.01). 

Overall, 29 per cent of patients with ventilator dependency had unplanned reintubation. 
Among patients with ventilator dependency, 16.9 per cent had a report of pneumonia, 8.7 per cent 
had a report of sepsis, 4.9 per cent had a report of acute renal failure, 3.3 per cent had a report of 
myocardial infarction, 3.2 per cent had a report of cardiac arrest, and 1.5 per cent had a report of 
pulmonary embolism before the ventilator dependency complication. Ventilator-associated 
pneumonia developed in 24 per cent of patients who experienced the complication of ventilator 
dependency. 

Finally, risk-adjusted analysis revealed a statistically significant association between BMI 
and postoperative ventilator dependency (AOR: 1.01, P < 0.01), which really only reached 
clinical significance with a BMI greater than 40 (AOR41.45, P < 0.01). Figure 1 illustrates the 
rate of ventilator dependency according to BMI. 
 

 
* The reference group in multivariate analyzes. 
y Includes colorectal fistula to bowel, skin, vagina, and bladder. 
 
 
 
 
 



Discussion 
 
Postoperative ventilator dependency in patients who underwent colorectal resection is associated 
with poor prognosis, significant mortality, and an increase in hospitalization length. We 
emphasize previous studies relating ventilator dependency with poor prognosis.5–7 
Although this study and the previously published studies found multiple risk factors for ventilator 
dependency, only a limited number of risk factors are reducible. Further clinical trials with a 
focus on reducible predictors of ventilator dependency, such as operative approach (open vs 
laparoscopic) and preoperative low hematocrit, are needed. 

Although postoperative ventilator dependency is not a common complication after 
colorectal surgery, the complication rate varied broadly depending on the diagnosis. This study 
found the overall rate of 3.9 per cent for ventilator dependency after colorectal procedures, 
which is in line with the previously reported rate of 5.7 per cent by Kirchhoff.3 Surprisingly, we 
have found that although the rate of ventilator dependency is less than 1 per cent in some 
colorectal procedures, such as rectal prolapse, the rate is higher than 19 per cent (which is higher 
than elective cardiac procedures5) in patients who were admitted with acute mesenteric ischemia, 
acute generalized peritonitis, or colorectal perforation. We conclude that the indication for 
surgery is one of the most important factors which can significantly affect the risk of 
postoperative ventilator dependency. 

Numerous factors are associated with postoperative ventilator dependency in colorectal 
surgery. We have found 22 predictors of ventilator dependency in colorectal surgery.  We 
confirm previous studies reporting preoperative renal failure, prolonged operation time, 
congestive heart failure, low serum albumin and hematocrit levels, and chronic respiratory 
disease as predictors of ventilator dependency.5, 6, 8 Also, our results show that ASA classification 
and functional health status of patients can be used to predict the risk of ventilator dependency in 
colorectal patients. However, several risk factors introduced in our study and previously 
published studies are not adaptable. Further clinical trials are needed to evaluate whether 
controlling modifiable risk factors, such as low hematocrit and serum albumin level, and using 
the laparoscopic approach can decrease the rate of ventilator dependency. 

Our study results demonstrate that patients undergoing different colorectal procedures 
have different rates of ventilator dependency. The highest risk of ventilator dependency is 
associated with total colectomy. In addition, compared with rectal procedures, colon procedures 
have a higher risk of postoperative ventilator dependency. This may be explained by the lower 
rate of respiratory complications with lower abdominal incisions compared with upper abdominal 
incisions after gastrointestinal surgery.9 However, there is limited published data in this regard 
and further studies are needed to compare postoperative ventilator dependency in colonic 
procedures and rectal procedures between two homogenous groups of patients.  

The use of laparoscopic techniques in colorectal surgery may decrease the ventilator 
dependency risk in colorectal surgery patients. Our study results show that compared with open 
surgery, laparoscopic approach is associated with a 40 per cent lower risk of ventilator 
dependency in colorectal surgery. The lower rates of respiratory complication after laparoscopic 
colorectal surgery compared with the open procedures have been previously reported.3, 10 As 
previously mentioned, critically ill patients undergoing emergency abdominal surgery often have 
prolonged ventilation time, however it is difficult to quantify the precise benefit of laparoscopy in 
these situations. Although some published articles report the feasibility of laparoscopic surgery in 
abdominal emergencies, such as peritonitis and perforated viscus,11–13 further studies are required 
to compare benefits and disadvantages of laparoscopic surgery in abdominal emergencies. 
 



 
FIG. 1. Rate of postoperative ventilator dependency by BMI in colorectal surgery. 
 

 
FIG. 2. Associations between serum albumin level and postoperative ventilator dependency in 
colorectal surgery. 
 



 
FIG. 3. Associations between hematocrit and postoperative ventilator dependency in colorectal 
surgery. 
 
Our study shows that low serum albumin level (Figure 2) and hematocrit are associated with a 
higher risk of postoperative ventilator dependency. Serum albumin level has been introduced as a 
reliable mortality and morbidity predictor in colorectal surgery.14–16 Also, a number of previous 
studies have reported higher postoperative mortality, morbidity, and respiratory complications in 
anemic patients.5, 17–20 Considering the reversible nature of these two risk factors, further studies 
should be considered to distinguish whether correcting serum albumin and hematocrit levels 
before operation can decrease the rate of ventilator dependency. 

Postoperative pneumonia was the most common complication reported before ventilator 
dependency complication. Also, postoperative myocardial infarction, pulmonary embolism, and 
sepsis were frequently reported before ventilator dependency. The limited information regarding 
the reason for ventilator dependency and the retrospective nature of our study make any 
conclusion on this topic difficult. However, it seems that postoperative pneumonia is associated 
with ventilator dependency. In addition, we have found that 24 per cent of patients with ventilator 
dependency developed pneumonia during the postoperative course. Ventilator-associated 
pneumonia has an incidence of 8 to 28 per cent in patients with prolonged mechanical 
ventilation and has been reported as a serious complication with a mortality rate as high as 76 per 
cent.21 Such patients may benefit from early tracheostomy and empiric antibiotic treatment.8, 22 
 
Study Limitations 
 
This study is a large retrospective review extracted from the NSQIP and is subject to selection 
bias. Variables such as the diverse hospital settings and surgeons’ expertise may affect the study 
results. Patients in this study were both very heterogeneous with regards to demographic data and 
primary diagnoses. Because of the restriction of the database, we did not have information of 
length of ventilator dependency and reasons for ventilator dependency of the patients which may 
have altered outcomes. Patients cannot be tracked beyond 30 days from the date of surgery, 



therefore long-term outcomes are inaccessible. In addition, coding errors may exist with the use 
of ICD-9 codes.23 Despite these limitations, this study is one of the first to report on the 
postoperative ventilator dependency after colorectal resection procedures. 
 
Conclusion 
 
Ventilator dependency is a serious complication with significant mortality in colorectal surgery 
patients. Although the overall rate of ventilator dependency after colorectal procedures is 3.9 per 
cent, in presence of acute mesenteric ischemia, colorectal perforation, obstruction, and peritonitis, 
the rate of ventilator dependency rises to more than 19 per cent. Overall, colon procedures have a 
higher risk of ventilator dependency compared with rectal procedures. From a procedure 
perspective, the highest risk of ventilator dependency is seen after total colectomy. The ASA 
classification and functional health status of patients before surgery can also be used to predict 
the risk of ventilator dependency. The use of laparoscopy in colorectal surgery may decrease the 
risk of ventilator dependency. Low serum albumin level and hematocrit levels seem to increase 
the risk of postoperative ventilator dependency in colorectal surgery. Considering the modifiable 
nature of these two risk factors, it may be beneficial to further investigate whether correcting 
these values preoperatively ultimately leads to decreasing the rate of ventilator dependency. 
 
REFERENCES 
 
1. Sivak ED. Management of ventilator dependency following heart surgery. Semin Thorac 
Cardiovasc Surg 1991;3:53–62. 
2. Zingone B, Gatti G, Rauber E, et al. Early and late outcomes of cardiac surgery in 
octogenarians. Ann Thorac Surg 2009;87:71–8. 
3. Kirchhoff P, Clavien PA, Hahnloser D. Complications in colorectal surgery: risk factors and 
preventive strategies. Patient Saf Surg 2010;4:5. 
4. American College of Surgeons National Surgical Quality Improvement Program. Chicago, IL: 
American College of Surgeons; 2005. Available at: www.acsnsqip.org. Accessed January 
17, 2014. 
5. Ji Q, Duan Q, Wang X, et al. Risk factors for ventilator dependency following coronary artery 
bypass grafting. Int J Med Sci 2012;9:306–10. 
6. Siddiqui MM, Paras I, Jalal A. Risk factors of prolonged mechanical ventilation following 
open heart surgery: what has changed over the last decade? Cardiovasc Diagn Ther 2012;2:192–
9. 
7. Masoomi H, Kang CY, Chen A, et al. Predictive factors of inhospital mortality in colon and 
rectal surgery. JAm Coll Surg 2012; 215:255–61. 
8. Tseng CC, Huang KT, Chen YC, et al. Factors predicting ventilator dependence in patients 
with ventilator-associated pneumonia. ScientificWorldJournal 2012;2012:547241. 
9. Serejo LG, da Silva-J´unior FP, Bastos JP, et al. Risk factors for pulmonary complications after 
emergency abdominal surgery. Respir Med 2007;101:808–13. 
10. Moghadamyeghaneh Z, Masoomi H, Mills SD, et al. Outcomes of conversion of laparoscopic 
colorectal surgery to open surgery. JSLS 2014;18:e2014.00230. 
11. Kaiser AM, Katkhouda N. Laparoscopic management of the perforated viscus. Semin 
Laparosc Surg 2002;9:46–53. 
12. Agresta F, Ciardo LF, Mazzarolo G, et al. Peritonitis: laparoscopic approach. World J Emerg 
Surg 2006;1:9. 
13. Agresta F, De Simone P, Bedin N. The laparoscopic approach in abdominal emergencies: a 
single-center 10-year experience. JSLS 2004;8:25–30. 
14. Lohsiriwat V, Chinswangwatanakul V, Lohsiriwat S, et al. Hypoalbuminemia is a predictor of 
delayed postoperative bowel function and poor surgical outcomes in right-sided colon cancer 



patients. Asia Pac J Clin Nutr 2007;16:213–7. 
15. Lohsiriwat V, Lohsiriwat D, BoonnuchW, et al. Pre-operative hypoalbuminemia is a major 
risk factor for postoperative complications following rectal cancer surgery.World J Gastroenterol 
2008; 14:1248–51. 
16. Gibbs J, Cull W, Henderson W, et al. Preoperative serum albumin level as a predictor of 
operative mortality and morbidity: results from the National VA Surgical Risk Study. Arch Surg 
1999; 134:36–42. 
17. Wu WC, Schifftner TL, Henderson WG, et al. Preoperative hematocrit levels and 
postoperative outcomes in older patients undergoing noncardiac surgery. JAMA 2007; 297:2481–
8. 
18. Gupta PK, Sundaram A, Mactaggart JN, et al. Preoperative anemia is an independent 
predictor of postoperative mortality and adverse cardiac events in elderly patients undergoing 
elective vascular operations. Ann Surg 2013;258:1096–102. 
19. Ranucci M, Di Dedda U, Castelvecchio S, et al. Impact of preoperative anemia on outcome in 
adult cardiac surgery: a propensity-matched analysis. Ann Thorac Surg 2012;94:1134–41. 
20. Bydon M, Abt NB, Macki M, et al. Preoperative anemia increases postoperative morbidity in 
elective cranial neurosurgery. Surg Neurol Int 2014;5:156. 
21. Chastre J, Fagon JY. Ventilator-associated pneumonia. Am J Respir Crit Care Med 
2002;165:867–903. 
22. Durbin CG, Perkins MP, Moores LK. Should tracheostomy be performed as early as 72 hours 
in patients requiring prolonged mechanical ventilation? Respir Care 2010;55:76–87. 
23. Lorence DP, Ibrahim IA. Benchmarking variation in coding accuracy across the United 
States. J Health Care Finance 2003;29: 29–42. 
 




