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Abstract

Objective—Surgical patients often receive routine postoperative mechanical ventilation with 

excellent outcomes. However, older patients who receive prolonged mechanical ventilation may 

have a significantly different long-term trajectory not fully captured in 30-day postoperative 

metrics. The objective of this study is to describe patterns of mortality and hospitalization for 

Medicare beneficiaries 66 and older who have major surgery with and without prolonged 

mechanical ventilation.

Design—Retrospective cohort study

Setting—Hospitals throughout the United States

Patients—5% random national sample of elderly Medicare beneficiaries (age >= 66 years) who 

underwent 1 of 227 operations previously defined as high-risk during an inpatient stay at an acute 

care hospital between January 1, 2005 and November 30, 2009.

Interventions—None
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Measurements and Main Results—We identified 117,917 episodes for older patients who 

had high-risk surgery; 4% received prolonged mechanical ventilation during the hospitalization. 

Patients who received prolonged mechanical ventilation had higher one-year mortality than 

patients who did not have prolonged ventilation (64% [95% CI, 62-65%] versus 17% [95% CI, 

16.4-16.9%]). Thirty-day survivors who received prolonged mechanical ventilation had a one-year 

mortality of 47% [95% CI, 45-48%]. Thirty-day survivors who did not receive prolonged 

ventilation were more likely to be discharged home than patients who received prolonged 

ventilation 71% vs. 10%. Patients who received prolonged ventilation and were not discharged by 

postoperative day 30 had a substantially increased 1-year mortality (adjusted hazard ratio [AHR]: 

4.39 [95% CI, 3.29-5.85]) compared to patients discharged home by day 30. Hospitalized 30-day 

survivors who received prolonged mechanical ventilation and died within 6 months of their index 

procedure spent the majority of their remaining days hospitalized.

Conclusions—Older patients who require prolonged mechanical ventilation after high-risk 

surgery and survive 30 days have a significant 1-year risk of mortality and high burdens of 

treatment. This difficult trajectory should be considered in surgical decision-making and has 

important implications for surgeons, intensivists and patients.
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Introduction

The measurement and reporting of 30-day mortality rates for surgery has become 

commonplace, but little is known about longer-term mortality. Longer-term outcomes are 

meaningful to patients and their families and should be considered in decision making, 

particularly for patients with a complicated postoperative recovery that necessitates 

prolonged life-supporting treatment in the intensive care unit (ICU). Decisions about 

withdrawal of postoperative life-supporting treatments contribute to conflict between and 

among surgeons and intensivists,1,2 nurses3 and patients' families4 and are possibly linked to 

this 30-day horizon, specifically public operative mortality reporting.5-7 Furthermore, 

acutely ill patients can transition to “chronic critical illness,”8 and suffer physical and 

psychological burdens of continued treatment.9 Information about longer-term outcomes 

may be especially important for older patients who commonly value quality of life over life 

prolongation10,11 and may help them to avoid postoperative conflict and unwanted health 

states.12

Older patients who survive intensive care and receive mechanical ventilation have significant 

mortality at six months and one year.13,14 Although surgical patients as a group fare better 

than medical patients, these analyses include surgical patients who routinely require short-

term intensive care in the postoperative setting and therefore overestimate survival for 

postoperative patients who need prolonged life-support.15-17 Most of what is known about 

longer-term survival after an unwanted surgical outcome is ascribed to specific, isolated 

postoperative complications.18 But patients requiring life support in the ICU rarely have just 

one surgical complication19 and family discussions about life-supporting treatments often 
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focus on withdrawal of mechanical ventilation. Survival beyond the conventional 30-day 

postoperative horizon for older surgical patients who require prolonged life support remains 

unknown making it difficult to counsel patients and their families about the value of these 

burdensome treatments.

The aim of this paper is to examine the outcome of prolonged life-supporting treatment for 

older patients beyond the standard postoperative 30-day metric. We used a longitudinal 

Medicare claims database to describe the use of prolonged mechanical ventilation and the 

longer-term patterns of hospitalization and mortality among patients age 66 and older who 

have had major surgery. We then investigated the association between prolonged mechanical 

ventilation and one-year survival after major surgery.

Materials and Methods

Cohort

We used a 5% random sample of all fee-for-service claims for Medicare beneficiaries from 

the Centers of Medicare & Medicaid Services from January 1, 2004 through December 31, 

2009. This longitudinal dataset included hospital inpatient, hospital outpatient, skilled 

nursing facility, hospice and carrier claims.

We used a previously developed method for identifying beneficiaries undergoing high risk 

operations.20 Briefly, we defined high-risk surgery as any major operation, e.g. coronary 

artery bypass grafting, pancreaticoduodenectomy, pneumonectomy and esophagectomy, 

associated with an inpatient mortality of at least 1% for patients age 65 and older, excluding 

high mortality procedures that were more likely markers of medical illness, such as 

tracheostomy, central line and IVC filter placement. This included 227 unique International 
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes.20,21 

When an admission had more than one high-risk operation ICD-9 code, we used the date of 

the first operation to identify this episode, and did not assign or analyze further operations in 

the same hospitalization as a new episode. To ensure complete capture of 12 contiguous 

months of claims for evaluation of co morbidity prior to the index operation, we excluded 

patients who were less than 66 years of age and those who did not have 12 months of 

continuous Medicare Part A & B enrollment prior to surgery. Each inpatient admission with 

a high-risk operation was captured as a separate observation to provide episodic level data, 

9,865 such patients contributed to this cohort more than once. This study was reviewed by 

the University of Wisconsin Institutional Review Board which provided a waiver of consent.

Outcomes

Our primary outcome measure was time to death, censored at 1 year postoperatively.

Exposure variable

We used a broad definition of prolonged mechanical ventilation as our primary predictor 

variable and as a marker for prolonged life-supporting treatment. We chose this variable 

because it is a reliable indicator of ventilatory support22-24 and other variables, for example 

intensive care unit utilization, have significant inter-hospital variability.25We defined 
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prolonged mechanical ventilation using ICD-9-CM code 96.72 for mechanical ventilation of 

at least 96 hours' duration and/or initial placement of tracheostomy (ICD-9-CM codes 31.1x, 

31.2x and/or Current Procedural Terminology (CPT) codes 31600, 31603, 31605, 31610). 

We excluded tracheostomy placement on the day of index surgery until postoperative day 4 

to ensure the tracheostomy was not associated with the index procedure, e.g. laryngectomy. 

Patients who died within 4 days of surgery (n= 86) were excluded from analysis.

Covariates

We collected clinical and demographic variables in the Medicare administrative files. We 

collapsed race and ethnicity data, voluntarily provided to the Social Security 

Administration26, into three groups (white, black, and other) given low number and concern 

about accurate coding of nonwhite, nonblack subjects in Medicare data.27 We used the 

Charlson-Deyo score, a measure of co-morbid disease burden validated for administrative 

databases collected in the year prior to the index operation from ICD-9 diagnosis codes to 

classify subjects into three groups, low (score 0), medium (score 1-2), and high disease 

burden (score 3+).28 Among patients surviving to hospital discharge, we generated six 

categories for patients' discharge destination prior to or at thirty days: discharged to home, 

inpatient rehabilitation (rehab), skilled nursing facility (SNF), long-term acute care hospital 

(LTACH), still hospitalized on postoperative day 30 and other. We utilized a prior definition 

of severe sepsis as the presence of an ICD-9-CM code for bacterial or fungal infection plus 

diagnosis of acute organ dysfunction.29 New onset dialysis was defined by an ICD-9-CM 
code for acute renal failure (584.5, 584.6, 584.7, 584.8, or 584.9) along with the procedure 

ICD-9-CM code for dialysis 39.95 to exclude patients on chronic dialysis.30

Statistical Analysis

For reference, we compared the crude mortality for patients who had prolonged mechanical 

ventilation to those who did not using Kaplan-Meier survival estimators, and tested for 

between-group differences with log-rank tests. To describe longer-term mortality after 

surgery and to mitigate the problem of multiple competing risks, we also estimated mortality 

conditioned on survival to postoperative day 30.

We used a Cox proportional hazards model conditioned on survival to 30 day post-operation 

to assess the adjusted effect of inherent patient characteristics along with other life-

supporting treatments, severe sepsis, and discharge destination status before or at 30 days on 

one-year mortality among patients who received prolonged mechanical ventilation. We 

censored survival time for all subjects alive on December 31, 2009.

We described the discharge destination for all patients in our cohort who were alive on 

postoperative day 30. We then calculated the proportion of days hospitalized up to 1 year of 

survival for patients who received prolonged mechanical ventilation and were not discharged 

30 days after their index operation. We included all days spent in an acute care hospital in 

the year following the index operation during both the index admission and all subsequent 

re-admissions.

Because the date associated with ICD-9-CM code 96.72 may not be accurate, it is possible 

that prolonged mechanical ventilation may have preceded surgery for some patients. To test 
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the impact of potential misclassification of the timing of prolonged mechanical ventilation, 

we performed a sensitivity analysis restricted to patients whose date of surgery was the date 

of hospital admission. To confirm that patients who received a tracheostomy but did not have 

the concomitant ICD-9-CM code 96.72 still likely received prolonged mechanical 

ventilation, we performed a sensitivity analysis between those who had ICD-9-CM code 

96.72 with or without tracheostomy versus tracheostomy (alone).

All analyses were performed using Stata version 13 (Stata Corp, College Station, TX) by the 

first author (MJN) and independently validated in SAS version 9.3(SAS Institute, Cary, NC) 

by a second investigator (QZ).

Results

Over the 5 year study period, we identified 117,917 admissions during which the beneficiary 

underwent at least one high-risk operation, representing 106,322 unique Medicare 

beneficiaries. Of these admissions, 4,944 (4%) required prolonged mechanical ventilation. 

Patients who had urgent surgery and more comorbid conditions were more likely to have 

prolonged mechanical ventilation. (Table 1)

Unadjusted thirty-day postoperative and one-year mortality for patients who received 

prolonged mechanical ventilationwas32% [95% CI, 31-34] and 64% [95% CI, 62-65] as 

compared to 4.8% [95% CI,4.7-5.0] and 16.6% [95% CI, 16.4-16.9] for those who did not 

have prolonged mechanical ventilation. (Figure 1) The survival curves sharply diverge early 

in the postoperative period and continue to widen until approximately postoperative day 180. 

Among those surviving at least 30 days after surgery, crude one-year mortality was 47% 

[95% CI, 45-48%] for patients who received prolonged mechanical ventilation. (Table 2)

For patients who received prolonged mechanical ventilation, adjusted analysis showed that 

those with tracheostomy, new hemodialysis, older age and high comorbidity were more 

likely to die in one year. Among those surviving to 30 days, discharge destination was highly 

associated with one-year mortality as patients who were discharged to a SNF or LTACH 

were significantly more likely to die in one year (both with a 17% one year mortality) than 

patients discharged to home or rehab (10% and 8% respectively).Patients remaining at an 

acute care hospital 30 days after surgery had the highest risk of mortality, 43% at one year. 

(Table 3)

Among 30-day survivors who had high-risk surgery but did not receive prolonged 

mechanical ventilation, unadjusted analysis showed that 71% were discharged home while 

1.6% remained hospitalized at day 30. In contrast, 10% of 30-day survivors who received 

prolonged mechanical ventilation were discharged home while 43% were still hospitalized 

on day 30. While just over 20% of 30-day survivors who did not receive prolonged 

mechanical ventilation needed longer-term nursing care, nearly 80% of survivors who 

received prolonged mechanical ventilation were either still in the hospital or had been 

discharged to a SNF or LTACH. (Table 4)

Table 5 presents longitudinal outcomes of those patients who had prolonged mechanical 

ventilation and remained hospitalized on postoperative day 30. Of these 1,459 patients, 
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1,171(80%) experienced a transition in care before day 60, including 320 (27%) patients 

who died in the hospital. At postoperative day 60, 288 (20%) patients were still hospitalized 

and 194 (13%) transitioned from the hospital setting before postoperative day 90. 

Hospitalized thirty-day survivors who died within 6 months of their index procedure spent 

the majority of their remaining days hospitalized For example, the median percent of 

postoperative time spent in the hospital for patients who died between 91-180 days was 57% 

[IQR 38-84], approximately 3.4 months, with an average of 0.93 readmissions. In 

comparison, the median percent of time hospitalized for patients who survived to 

postoperative day 180 (n=668) was 27% [IQR 22-38%], approximately 1.6 months, with an 

average of 1.47 readmissions.

Sensitivity Analysis

We found no appreciable differences when we restricted the analysis to patients who had 

surgery on the day of admission. We found no differences in the observed postoperative 

trajectories whether we constructed our prolonged mechanical ventilation variable with the 

tracheostomy procedure codes alone or used the ICD-9-CM code 96.72 with or without 

tracheostomy.

Discussion

Our data suggest that of the roughly half a million elderly Medicare beneficiaries who 

undergo a high-risk operation annually, nearly 4% will receive prolonged mechanical 

ventilation. The need for mechanical ventilation for 96 hours or more is associated with a 

marked increase in postoperative mortality both at 30 days and 1 year. Furthermore, 30-day 

survivors have substantial need for skilled care as more than half of this group have been 

transferred to an LTACH or remain hospitalized on postoperative day 30. Burdens of 

treatment are considerable for six-month and one-year survivors who spend a significant 

portion of this postoperative time hospitalized.

While many patients who have major surgery receive mechanical ventilation during routine 

postoperative recovery, older patients who receive postoperative mechanical ventilation for 

96 hours or more appear to be a distinct group with a markedly different trajectory. Not 

surprisingly these patients were more likely to have urgent surgery and a higher burden of 

comorbid conditions. Survivors to postoperative day 30 have a one-year survival that is 

remarkably similar to medical ICU patients who receive mechanical ventilation and survive 

to discharge.13 The high longer-term mortality and considerable use of skilled care question 

the use of 30-day operative survival as a suitable standalone marker of successful surgery, 

particularly in this demographic. These findings have important implications for surgeons, 

intensivists and patients.

For surgeons, our data question deep notions of rescue and responsibility.31,32 By 

convention, patients who survive 30 days with prolonged mechanical ventilation and other 

life-supporting treatment have been rescued from their postoperative surgical 

complication.33,34 As many older patients would forgo even minor interventions resulting in 

functional impairment,10 rescue from surgical complications to a state of chronic critical 

illness or other dependency may not be an outcome patients value. Requests by patients 
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and/or their family members to withdraw life-supporting treatments in the postoperative 

period should be considered in light of this information. Given this marker of a poor 

outcome is highly recognizable and may occur early in the postoperative course, these data 

can inform patients and/or their family about longer-term outcomes in the days and weeks 

following surgery.

For intensivists, who experience conflict with surgeons about withdrawal of postoperative 

life supporting treatments1,2,4 these data may inform and potentially mitigate conflict about 

the value of continued life-supporting treatment. As these conflicts stem from disagreement 

about goals of care, specifically about patient survival and burdens of treatment, information 

about longer-term survival can contextualize the patient's overall trajectory and add clarity 

about the value of continued life-supporting treatments. The traditional 30-day horizon, a 

standard surgical metric, likely contributes to the prognostic optimism endorsed by surgeons 

during these conflicts,5 whereas these longer-term data cast a much less optimistic shadow.

For older patients who require prolonged postoperative life support and survive 30 days, 

their course is arduous. They face considerable mortality and heavy burdens of treatment 

including many inpatient days for both those who survive and those who do not. While there 

is real variability in the range of possible outcomes, this information is likely valuable to 

patients and their families as they make decisions about additional interventions. 

Unfortunately, little is currently known about older patients' goals and preferences in this 

specific setting. Clarification of treatment goals and unacceptable postoperative outcomes 

should ideally be discussed between surgeons, patients and their family members 

preoperatively.

These results question 30-day survival as a measure of surgical success as death on or before 

30 days fails to capture much of the impact of major surgery for older patients. Alternative 

markers using outcomes that are meaningful to patients such as extended ICU stays, 

prolonged mechanical ventilation and discharge status on postoperative day 30 might 

provide a more valuable measure for both patients and surgeons. Our data show a step-wise 

increase in long-term mortality based on discharge status by day 30, suggesting this is both a 

measurable and potentially meaningful predictor of surgical outcomes. Future research will 

need to focus on the assessment of functional and cognitive outcomes after high-risk surgery 

and development of strategies to elicit patients' goals and preferences before the occurrence 

of a major surgical complication.

Our study has both strengths and limitations. We have a large and representative sample of 

the United States population age 66 and older and we used an inclusive list of high-risk 

operations to generate our cohort. The date of death in the Medicare files is considered an 

accurate method of ascertaining if and when death occurred.35 Billing codes are vulnerable 

to administrative coding errors. Since ICD-9-CM code 96.72 mandates greater than 96 hours 

of continuous mechanical ventilation, our methods fail to capture some patients who have 

had more than 96 nonconsecutive hours of mechanical ventilation during their index 

hospitalization. Although we would have like to examine how the duration of mechanical 

ventilation is associated with long-term outcomes more precisely, this is not possible with 

the information available in Medicare claims data. Furthermore, this administrative data set 
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lacks information about functional status and quality of life that are important for families 

considering choices about additional treatment. Finally, these data cannot tell us about 

patient wishes, choices or how they value specific outcomes after high-risk surgery.

Conclusions

Older patients who require prolonged mechanical ventilation after high-risk surgery face 

high one-year mortality, protracted periods of hospitalization and a significant need for 

skilled care. This difficult trajectory should be considered during decisions to continue 

prolonged postoperative life-supporting treatment as some patients may not value such 

outcomes.
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Figure 1. One-year survival after high-risk surgery for Medicare beneficiaries who do and do not 
receive prolonged postoperative mechanical ventilation
Legend: PMV – prolonged mechanical ventilation
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Table 1
Characteristics of Medicare beneficiaries who had high-risk surgery between January 1, 
2005 and November 30, 2009

n=117,917 PMV No PMV

N % N %

Cohort 4,944 4.2 112,973 96

Female sex 2,634 53 57,692 51

age, mean, y 77.0 6.7 (SD) 76.2 6.6 (SD)

Race

 White 4,279 87 100,989 89

 Black 441 8.9 7,915 7.0

 Other 224 4.5 4,069 3.6

Charlson-Deyo score

 0 1,176 24 33,438 30

 1-2 1,917 39 44,315 39

 3+ 1,851 37 35,220 31

Urgent/Emergent Surgery 3,992 81 64,869 57

*
Chi-squared tests of independence used when comparing proportions and categorical outcomes and 2-sample t-tests for means.

†
All differences were statistically significant at α<.002.
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Table 3
Predictors of one-year mortality after prolonged postoperative mechanical ventilation 
among beneficiaries still alive on postoperative day 30

N=3,370 N Adjusted HR P value

Tracheostomy placement* 1,722 1.35 [1.19-1.52] < .001

Severe Sepsis† 2,753 1.14 [0.99-1.32] .06

Hemodialysis† 369 1.19 [1.03-1.37] .015

Discharge Destination by Postoperative Day 30‡

 Home 345 [Reference] –

 Rehab 272 1.13 [0.77-1.66] .53

 SNF 589 2.10 [1.55-2.84] < .001

 LTAC 585 3.26 [2.42-4.40] < .001

 Still Hospitalized 1,459 4.39 [3.29-5.85] < .001

Age at Hospital Admission

 66-75 1,605 [Reference] –

 76-85 1,474 1.27 [1.14-1.41] <.001

 86+ 291 1.65 [1.38-1.97] <.001

Female Sex 1,750 0.92 [0.83-1.02] 0.10

Race

 White 2,902 [Reference] –

 Black 319 1.13 [0.96-1.34] .13

 Other 149 0.92 [0.73-1.16] .46

Urgent/Emergent Surgery Status 2,608 1.13 [0.99-1.28] .06

Preoperative Charlson Comorbidity Score

 0 838 [Reference] –

 1-2 1,326 1.36 [1.18-1.57] <.001

 3+ 1,206 1.73 [1.51-1.99] <.001

*
–performed between postoperative day 4 and 30 of index hospitalization

†
–during index hospitalization

‡
–Other group not reported due to heteregenous make-up
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Table 4
Discharge destination for patients who had high risk surgery and were alive on 
postoperative day 30

PMV No PMV

Discharge Destination N (%) N (%)

 Home 345 10% 76,123 71%

 Inpatient Rehab 272 8.1% 6,522 6.1%

 Skilled Nursing Facility 589 17% 20,591 19%

 Long-Term Acute Care Hospital 585 17% 1,481 1.4%

 Still Hospitalized 1,459 43% 1,933 1.8%

 Other 120 3.6% 990 0.92%
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Table 5
Longitudinal outcomes for patients who received prolonged mechanical ventilation and 
were still hospitalized on postoperative day 30 based on time of discharge and interval 
survival

Patients hospitalized on: Day 30 Day 60 Day 90 Day 180

N=1,459 N=288 N=90 N<11*

Disposition prior to next interval:

 Still Hospitalized 288 (20%) 90 (31%) –* –*

 In-Hospital Death 320 (22%) 65 (23%) 28 (31%) –*

 Discharged to:

  Home/Rehab 216 (15%) 43 (15%) –* –*

  SNF 287 (20%) 52 (18%) 31 (34%) –*

  LTACH 275 (19%) 28 (10%) –* –*

  Other 73 (5%) 10 (3%) –* –*

For those who died between: 31-60 days 61-90 days 91-180 days 181-365 days

N=423 N=180 N=188 N=110

Proportion of time hospitalized†

 Median (IQR) 100% (100-100) 85% (62-100) 57% (38-84) 32% (22-48)

 Mean (SD) 96% (8.6) 80% (20) 61% (26) 39% (22)

Number of Readmissions†

 Mean (SD) 0.28 (0.49) 0.60 (0.74) 0.93 (1.00) 2.18 (1.59)

For those alive on day: Day 60 Day 90 Day 180 Day 365

N=1,036 N=856 N=668 N=558

Proportion of time hospitalized‡

 Median (IQR) 77% (62-100) 52% (42-72) 27% (22-38) 14% (11-19)

 Mean (SD) 78% (18) 59% (21) 33% (16) 17% (9)

Number of Readmissions‡

 Mean (SD) 1.27 (1.50) 1.36 (1.56) 1.47 (1.65) 1.33 (1.62)

*
Exact cell sizes <11 are suppressed due to CMS cell size requirement.

†
Date of index operation until death.

‡
Date of index operation until end of reference interval.
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