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Abstract

Background—Understanding intensive care unit (ICU) triage decisions for high-risk surgical

patients may ultimately facilitate resource allocation and improve outcomes. The surgical Apgar

score (SAS) is a simple score that uses intraoperative information on hemodynamics and blood

loss to predict postoperative morbidity and mortality, with lower scores associated with worse

outcomes. We hypothesized that the SAS would be associated with the decision to admit a patient

to the ICU postoperatively.

Methods—Retrospective cohort study of adults undergoing major intra-abdominal surgery from

2003 to 2010 at an academic medical center. We calculated the SAS (0 – 10) for each patient

based on intraoperative heart rate, mean arterial pressure, and estimated blood loss. Using logistic

regression, we assessed the association of the SAS with the decision to admit a patient directly to

the ICU after surgery.

Results—The cohort consisted of 8,501 patients, with 72.7% having a SAS of 7-10 and less than

5% a SAS of 0-4. A total of 8.7% of patients were transferred immediately to the ICU

postoperatively. After multivariate adjustment, there was a strong association between the SAS

and the decision to admit a patient to the ICU (adjusted odds ratio 14.41 [95% CI 6.88 – 30.19, P

< 0.001] for SAS 0-2, 4.42 [95% CI 3.19 – 6.13, P <0.001] for SAS 3-4, and 2.60 [95% CI 2.08 –

3.24, P < 0.001] for SAS 5-6 compared with SAS 7-8).

Conclusions—The SAS is strongly associated with clinical decisions regarding immediate ICU

admission after high-risk intra-abdominal surgery. These results provide an initial step towards

understanding whether intraoperative hemodynamics and blood loss influence ICU triage for post-

surgical patients.

INTRODUCTION

Triage of high-risk surgical patients to intensive care may impact outcomes in those with the

highest likelihood of postoperative complications and death. In one large study in the United

Kingdom, patients undergoing high-risk surgical procedures accounted for 12.5% of hospital

admissions but over 80% of postoperative deaths, with less than 15% admitted to the

intensive care unit (ICU) after surgery.1 Another British study showed that high-risk patients

admitted to the ICU immediately after surgery had greatly improved survival compared with

patients who were admitted to the ICU after a delay.2 Appropriately identifying patients who

may require intensive care postoperatively may facilitate resource allocation and ultimately

improve postoperative outcomes.

Limitations on postoperative ICU admission may be due in part to high demand relative to

scarce ICU resources3, 4 or may be related to the perception that intensive care is

unnecessary. Therefore, intensivists, surgeons, and anesthesiologists must make

postoperative triage decisions on whether a patient should be admitted to intensive care, and

high-risk patients appropriate for ICU admission must be identified by the end of surgery.

Triaging physicians may consider many perioperative factors when deciding whether to

admit a patient to the ICU after surgery, including preoperative patient characteristics,

surgical procedure, and postoperative concerns. Specific patient and surgical factors that

may compel triaging physicians to opt for postoperative ICU admission include advanced
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age, the presence of multiple comorbidities, emergency procedures, and high surgical

complexity, which have all been associated with poor postoperative outcomes.1

Intraoperative factors can also affect postoperative outcomes. The surgical Apgar score

(SAS) was developed as a predictor of morbidity and mortality after surgery, incorporating

three intraoperative variables – heart rate, mean arterial pressure, and estimated blood loss –

to identify patients at highest risk of postoperative complications and death.5 The SAS takes

on values from 0 to 10, with lower scores associated with worse outcomes. In theory, these

intraoperative variables reflect a combination of surgical complexity and the individual

patient’s response to surgical stress. The major benefit of using this score lies in the

simplicity of its calculation; other perioperative scoring systems that use intraoperative

factors to predict outcomes are more complicated to calculate.6

Ultimately, an easily calculated score could potentially be used to assist in ICU triage

decisions at the end of surgery. As an initial step to this end, we chose to examine the

relationship between the SAS and the clinical decision for immediate ICU admission after

surgery. We hypothesized that the SAS is strongly associated with the decision to admit a

patient to the ICU, irrespective of other patient or surgical factors.

METHODS

Patient selection

We performed a retrospective cohort study of adult patients age 18 years or older

undergoing major intra-abdominal surgical procedures at Columbia University Medical

Center (CUMC) from March 2003 through January 2010. This study was reviewed and

approved by the CUMC Institutional Review Board (IRB-AAAF2559), and the requirement

for written informed consent was waived by the IRB. Our goal was to select a group of

patients with a relatively high frequency of postoperative ICU admission. We included

patients who underwent surgery on any portion of the gastrointestinal tract, pancreas, spleen,

hepatobiliary system, adrenal gland, urologic and gynecologic organs, and major vessels.

Using information extracted from the electronic anesthesia record, we collected data on

patient characteristics including age, gender, body mass index (BMI), type of procedure,

whether it was an emergency, the anesthetic duration, and the American Society of

Anesthesiologists’ (ASA) status. The ASA, a widely used marker of postoperative risk, is a

simple preoperative scoring system that describes the overall physical status of the patient.7

Only the first high-risk surgical procedure during a single hospital admission was included.

We excluded procedures on other organ systems, procedures that were outpatient and minor

intra-abdominal surgeries, and those that involved cardiopulmonary bypass or organ

transplantation (see Appendix 1 in Supplemental Data for a full list of exclusion criteria).

We then used information from the CUMC electronic clinical information system (WebCIS)

to determine the occurrence of immediate ICU admission, later ICU admission, and in-

hospital mortality.

Immediate ICU admission was defined as transfer directly from the operating room to the

ICU, while later ICU admission comprised patients who initially went to the post-anesthesia

care unit (PACU), the step-down unit (SDU), or the floor prior to being admitted to the ICU.
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Patients who undergo high-risk intra-abdominal surgery at our institution either go from the

operating room immediately to the ICU or to the PACU; the latter patients then get

transferred to the ICU, a SDU, or the floor. The ICU allows 1:1 or 1:2 nurse-to-patient ratios

with the ability to provide mechanical ventilation, renal replacement therapy, and

administration of vasopressor and inotropic drugs. While none of these types of organ

support is available in our SDU or floor units, mechanical ventilation and administration of

vasopressors are allowed in our PACU. Transfer to the ICU is warranted for PACU patients

with prolonged need for this level of care. Decisions about patient location at the end of

surgery are generally made by the anesthesiologist and surgeon in conjunction with the

intensivist.

Data collection

We extracted intraoperative data from the electronic anesthesia record (CompuRecord©,

Philips Medical Systems, Andover, MA) to compute the SAS, comprising lowest heart rate

(HR), lowest mean arterial pressure (MAP), and estimated blood loss (EBL) during the

operation (Table 1). Using the electronic data acquisition algorithm described by

Regenbogen et al, we excluded extraphysiologic values for HR (less than 20 or greater than

200 beats per minute) and MAP (less than 25 or greater than 180 mm Hg), and we used the

median of the remaining HR and MAP values out of each 5-minute period.8 The

intraoperative data were retrieved from the computerized anesthesia record system using

Structured Query Language (SQL) in Microsoft® Visual Studio® 2008 (Microsoft

Corporation, Redmond, Washington, USA). The data were then imported into R statistical

software version 2.13.1 (R Foundation for Statistical Computing, Vienna, Austria) for

subdivision into 5-minute epochs and determination of median values. Using these raw data,

we then assigned appropriate points to the absolute values for HR, MAP, and EBL and

calculated the SAS from these assigned points.

To verify the accuracy of the electronic data acquisition algorithm, we chose to manually

review approximately 1% of included patients, leading to 84 randomly selected electronic

records for which we compared the manually calculated SAS results with those obtained

through use of the algorithm. Manual calculation of lowest HR and MAP was performed by

scrolling through vital sign data automatically collected every 15 seconds throughout each

operative case by the electronic anesthesia record. HR data were manually extracted from

the pulse rate (plethysmography) rather than from the electrocardiogram (ECG) given the

possible interference of electrocautery with the ECG. Blood pressure data were

preferentially recorded from invasive measurements over noninvasive measurements by the

electronic anesthesia record. To exclude erroneous values, HR and MAP values were

disregarded in the manual extraction if they differed by greater than 5 points (beats per

minute or mm Hg) from the preceding and subsequent values. HR values extracted from

plethysmography that differed by more than 5 beats per minute from the

electrocardiographic HR values were also excluded. Computation of the Spearman rank

correlation coefficient demonstrated very strong agreement between algorithm-generated

and manually-determined point assignments for HR, MAP, EBL, and SAS (Appendix 2 in

Supplemental Data).
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Statistical analysis

We first summarized patient characteristics and outcomes for the entire cohort. We grouped

continuous variables into appropriate categories to improve discriminative power and to use

standard clinical categories. Age was divided into < 50, 50-59, 60-69, 70-79, ≥ 80 years, and

BMI was grouped as < 18.5, 18.5-24.9, 25.0-29.9, and ≥ 30. ASA classes IV and V were

combined into one class. Anesthetic duration was considered as < 2, 2-6, and > 6 hours. SAS

was divided into groups of scores from 0-2, 3-4, 5-6, 7-8, and 9-10. As in Haynes et al, the

median SAS of 7-8 was chosen as the reference group.9 Differences between patient and

procedure characteristics and outcomes were assessed using the chi-square test for

categorical variables.

We created univariate logistic regression models to evaluate each variable’s potential

association with the clinical decision to postoperatively admit a patient to the ICU, including

age, gender, BMI, ASA physical status, type of procedure, emergency procedure, anesthetic

duration, and SAS. A multivariate logistic regression model was then developed to evaluate

adjusted odds ratios (OR) including variables with P-value < 0.2 in the univariate models.

Calibration of the multivariate model was evaluated with the Pearson χ2 test10 and

discrimination was assessed with receiver operating characteristic (ROC) curves and the c-

statistic. The first multivariate model included procedure type; we then generated models

stratified by individual procedure type to evaluate the association of the SAS with specific

types of procedures.

To evaluate the group of patients with later admission to the ICU, we first examined the

distribution of these patients by SAS. We then performed an additional analysis of all the

patients who did not immediately go to the ICU postoperatively to assess whether there was

an association between the SAS and the outcome of later admission to the ICU. We

examined the area under the curve (AUC) and determined the sensitivity and specificity of

different cut-off values of the SAS with regard to the outcome of later ICU admission.

Database management and statistical analyses were performed using Microsoft Excel

(Microsoft Corporation, Redmond, Washington, USA) and Stata 10.0 (StataCorp LP,

College Station, Texas, USA). A P-value of < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

Between March 2003 and January 2010, 8,501 adult patients underwent primary major intra-

abdominal surgical procedures and were included in our cohort (Figure 1). The cohort had a

mean age of 59 years (± 15.6), 48.6% were female, 92.0% were elective cases, and almost

one-third were assigned an ASA classification of III or higher. Approximately one-quarter

of the patients were obese (BMI ≥ 30), while only 3.1% were considered underweight (BMI

< 18.5). Anesthesia duration lasted between 2 and 6 hours in 73.5% of the cases and longer

than 6 hours in 24.8%. The most common operations performed were bowel surgery,

nephrectomy/adrenalectomy, prostatectomy, and gynecologic oncology procedures (Table

2). Approximately one-quarter of the entire cohort had a SAS of 9-10, and less than 5% of

patients had a SAS of 0-4 (Figure 2). The overall hospital mortality for the cohort was 1.6%.
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As expected, the SAS was strongly associated with hospital mortality, with a lower SAS

associated with higher mortality rates (SAS 0-2: 8.7%; SAS 3-4: 7.0%; SAS 5-6: 2.9%; SAS

7-8: 1.0%; SAS 9-10: 0.5%; P < 0.001).

Frequency of admission to ICU

Out of the total cohort, 737 (8.7%) were transferred directly from the operating room to the

ICU after surgery, and 8.4% of these patients with immediate ICU admission died during

hospitalization. Individual patient characteristics significantly affected the frequency of

admission to ICU (Table 2). Significantly higher rates of ICU admission occurred in patients

who were older, had higher ASA physical status, were underweight, had emergent

procedures, and had longer anesthetic durations. Frequency of ICU admission also varied by

surgical procedure: over half of patients who underwent esophagectomy and major vascular

surgery were admitted to the ICU postoperatively, while only 0.1% of those who underwent

prostatectomy went to the ICU after surgery (Table 2). The rate of immediate ICU

admission increased progressively as SAS decreased, from 1.1% for patients with a SAS of

9-10 to 56.5% for those with a SAS of 0-2 (P < 0.001, Table 2).

Variables associated with immediate ICU admission

After multivariate modeling, a number of variables were found to be associated with the

decision to admit a patient to the ICU immediately after surgery (Table 3). Patients with an

ASA physical status of IV or V were more than eight times as likely to go to the ICU after

surgery than patients with ASA I (adjusted OR 8.48 [95% CI 4.48 - 16.05, P < 0.001]).

Those patients who underwent emergency procedures were almost five times as likely to be

admitted to the ICU after surgery than those who underwent elective operations (adjusted

OR 4.91 [95% CI 3.42 - 7.06, P < 0.001]), while patients with anesthetic duration > 6 hours

were over four times as likely to go to the ICU postoperatively as those with duration 2 – 6

hours (adjusted OR 4.11 [95% CI 3.24 - 5.21, P < 0.001]). Certain surgical procedures were

associated with higher rates of ICU admission when compared to the reference procedure of

bowel surgery. Significantly greater proportions of patients who underwent esophagectomy

(adjusted OR 26.71 [95% CI 16.53 - 43.19, P < 0.001]), Whipple (adjusted OR 5.76 [95%

CI 3.99 - 8.33, P < 0.001]), hepatectomy (adjusted OR 12.90 [95% CI 8.75 - 19.01, P <

0.001]), and major vascular cases (adjusted OR 12.75 [95% CI 7.44 - 21.84, P < 0.001])

were admitted to the ICU postoperatively compared with the reference procedure. On the

other hand, prostatectomy patients were significantly less likely to go the ICU when

compared to patients undergoing bowel surgery (adjusted OR 0.04 [95% CI 0.01 - 0.31, P =

0.002]). After adjusting for other factors, there was a clear association between the SAS and

the decision to admit a patient to the ICU. Patients with a SAS of 0-2 were fourteen times as

likely to be admitted to the ICU compared with the reference group of patients with a SAS

of 7-8 (adjusted OR 14.41 [95% CI 6.88 - 30.19, P < 0.001]).

The multivariate model showed good discrimination regarding the postoperative decision for

immediate ICU admission. ROC curve analysis demonstrated that the SAS alone was

strongly associated with immediate admission to the ICU (c-statistic 0.7632 [95% CI 0.75 -

0.78]) and outperformed ASA physical status alone (c-statistic 0.6885 [95% CI 0.67 - 0.71])

(Figure 3). The model that included all statistically significant variables – SAS, ASA, age,
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gender, emergency procedure, BMI, type of surgery, and anesthetic duration – had excellent

accuracy in distinguishing those patients who were admitted to the ICU from those who

were not (c-statistic 0.93 [95% CI 0.92 - 0.94]), with good calibration (Pearson χ2
(3170) =

3040.86, P = 0.95).

Specific surgical procedures

Stratified by individual surgical procedure, the relationship between the SAS and the clinical

decision for immediate ICU admission remained consistent across all of these procedures,

with higher rates of ICU admission for patients with lower SAS. However, the number of

patients in the lowest SAS group was often very small. The table of individual procedures

and numbers of patients, the adjusted OR of ICU admission, AUC, and 95% confidence

interval (CI) is included in Appendix 3 in Supplemental Data.

Patients with later ICU admission

Of the 7,764 patients who did not receive immediate ICU admission, 354 (4.6%) had a

subsequent later admission to the ICU. The frequency distribution by SAS for the patients

with later ICU admission is shown in Figure 4. These patients are distributed widely across

all the SAS strata, with the majority of patients having a SAS of 5-6 (37.9%) and 7-8

(37.9%). For the cohort of patients who did not initially get admitted to the ICU, we

examined the sensitivity and specificity of different cut-off values of the SAS to assess the

utility of the score for identifying patients who required later admission to the ICU (Table

4). The c-statistic of 0.69 (95% CI 0.66 – 0.72) demonstrates only moderate performance,

and there is clearly no cut-off value that provides an adequate balance between sensitivity

and specificity.

DISCUSSION

This study demonstrates that the SAS is associated with the clinical decision to admit a

patient to the ICU immediately after surgery, with a low SAS significantly associated with a

higher likelihood of immediate postoperative ICU admission. The association between the

SAS and ICU admission after high-risk surgery was far from perfect, however, as the SAS

showed only moderate discrimination by itself, indicating that further exploration is needed

to understand why some patients who experience hypotension, bleeding, and/or tachycardia

intraoperatively are not perceived as requiring intensive care after surgery. Moreover, there

was little association between the SAS and later ICU admission, suggesting that

intraoperative changes in hemodynamics or blood loss may play less of a role in the

subsequent deterioration of some postoperative patients.

The SAS has previously been shown to predict postoperative complications and mortality in

certain populations. In the original development of the score, Gawande et al found that the

SAS was associated with major surgical complications and death within 30 days for a cohort

of general and vascular surgery patients,5 with similar results in a much larger validation

cohort at a different institution.8 Other studies have demonstrated the ability of the SAS to

predict outcomes in a wide range of international settings9, 11 and after a variety of surgical

procedures.1213141516 Some studies noted that the SAS may not comprehensively predict
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outcomes by itself,11, 17 but in the development and validation of the SAS, researchers

intentionally chose an objective score that would be easy to calculate in real time,5 despite

better discrimination achieved by using more complicated models.8 It is clear from our final

model that incorporation of pre- and intraoperative factors provides the strongest association

with current clinical decisions. In addition, the SAS may be of questionable utility, as it

cannot be calculated until the completion of the surgical procedure. However, postponing

final decision-making in order to consider the intraoperative course is helpful and may

sometimes be necessary for current ICU triage practices, despite the inconvenience for early

bed allocation.

Systematic ICU admission after high-risk surgery may improve postoperative outcomes, but

there are no randomized clinical trials to support this assumption. In addition, the definition

of a high-risk surgical patient remains elusive. Some studies define high-risk surgery as any

procedure with a hospital mortality greater than 5%.1 Others focus on certain procedures

known to have significant mortality, ranging from 3.0 to 8.0%.18 Our data suggest that

current clinician triaging identifies a relatively high-risk group, as our hospital mortality rate

for patients admitted to the ICU immediately after surgery was over 8%. However, it is also

worth noting that the ultimate goal of care in the ICU is to decrease hospital mortality. For

example, patients 75 years of age or younger who undergo coronary artery bypass grafting

have very low in-hospital mortality (less than 2%)19 yet routinely receive intensive care to

help achieve this low rate.

A scoring system that can improve upon physician decisions would more accurately match

appropriate patients to the ICU postoperatively. One study in the United Kingdom suggested

underutilization of intensive care resources in a high-risk surgical population. The mortality

rate for those patients admitted directly to the ICU after surgery was significantly lower than

for post-surgical patients who were either re-admitted to the ICU after premature discharge

(mortality rate greater than 30%) or who were initially admitted to the ICU from the ward

(mortality rate greater than 85%).2 Other researchers in the United States have examined

variations across hospitals in rates of failure-to-rescue (i.e., the mortality rate of patients

who experience a postoperative complication). While rates of complications for certain

high-risk procedures were relatively similar amongst different hospitals, the mortality rates

differed significantly,18 suggesting mismanagement of complications once they occurred.

These studies illustrate the fallibility of physician decision-making and the potential role for

a score that predicts which patients are likely to experience a complication.

Our study has a number of limitations. The patients in our cohort were from a single large

academic medical center in the United States. There are few data on postoperative triage

practices for comparison, so the generalizability of our findings to other institutions with

different postoperative care systems and/or patient populations is unknown. ICU admission

decisions are known to vary depending on patient comorbidities, family wishes, physician

characteristics, ICU bed availability, institutional structure, and regional culture.20 Large

registries of data relevant to perioperative care are currently being developed in the United

States, such as the National Anesthesia Clinical Outcomes Registry (NACOR) and the

Multicenter Perioperative Outcomes Group (MPOG),21 but they are still evolving and do not

currently contain the detailed data required for this type of study. We also used the surgical
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procedure recorded in the anesthesia record, which may not have been as precise as the

procedure described in the operative report. We limited our investigation to major intra-

abdominal procedures, making generalization to other operations uncertain. However, we

felt this group captured patients at a wide range of perioperative risk while simultaneously

maintaining homogeneity. We also assumed that the surgical decision to operate was

appropriate. This was a retrospective study that did not prospectively use the SAS in

decisions regarding ICU admission after surgery. We also examined patients over a

prolonged period of time (during which four additional surgical ICU beds were opened in

2006), and practices of ICU admission may have changed, although we are unaware of any

systematic shifts in our ICU triage policies or practices. Finally, as mentioned above, the

SAS and other intraoperative events can only be fully assessed at the conclusion of surgery,

thus potentially limiting the utility of such data for certain triage decisions that may

preferably occur earlier to allow for more advanced planning for ICU resource allocation.

We have shown that the SAS is significantly associated with the clinical decision to

immediately admit patients to the ICU after high-risk intra-abdominal surgery across many

surgical subtypes and that the SAS does not help to discriminate between patients who will

or will not require later admission to the ICU. Given the dearth of guidelines and standards

for ICU triage and the potential for both under- and over-use of the ICU for surgical

patients, information regarding current clinician practice is essential. Moreover, there is a

possible role for a score such as the SAS or a new predictive tool that could assist in

standardizing decision-making and matching the patients most likely to benefit from ICU

admission with intensive care after surgery. Future studies should focus on prospectively

evaluating possible tools that may ultimately be used to help improve patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flowsheet of cohort showing exclusions.
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Figure 2.
Frequency distribution of patients in cohort by surgical Apgar score.
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Figure 3.
Receiver operating characteristic (ROC) curves with area under the curve (AUC) and 95%

confidence interval (CI) for models predicting ICU admission that included ASA alone, SAS

alone, and the full multivariate prediction model.
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Figure 4.
Distribution of patients with later ICU admission by surgical Apgar score.
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Table 1

Calculation of the surgical Apgar score, range from 0 to 10 points, with lower scores associated with worse

postoperative outcomes.

Surgical Apgar Score, number of points

0 1 2 3 4

Estimated blood loss, ml > 1000 601-1000 101-600 ≤ 100

Lowest MAP, mm Hg < 40 40-54 55-69 ≥ 70

Lowest HR, beats/minute > 85 76-85 66-75 56-65 ≤ 55

Abbreviations: ml = milliliters; MAP = mean arterial pressure; HR = heart rate.
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Table 2

Patient characteristics and frequency of admission to the ICU.

Patient Characteristics Total number of
patients, n (% of

all patients)

Immediate ICU
admission, n (%
of total in each

stratum)

P-value

Total number of patients, n 8501 737 (8.7)

Age, years < 50 2214 (26.0) 117 (5.3) < 0.001

50-59 1917 (22.6) 143 (7.5)

60-69 2146 (25.2) 179 (8.3)

70-79 1467 (17.3) 186 (12.7)

≥ 80 757 (8.9) 112 (14.8)

Female 4133 (48.6) 301 (7.3) < 0.001

Male 4368 (51.4) 436 (10.0)

ASA I 724 (8.5) 31 (4.3) < 0.001

II 5185 (61.0) 245 (4.7)

III 2434 (28.6) 382 (15.7)

IV-V 158 (1.9) 79 (50.0)

Emergency procedure 682 (8.0) 124 (18.2) < 0.001

Elective procedure 7819 (92.0) 613 (7.8)

BMI * < 18.5 261 (3.1) 38 (14.6) 0.003

18.5-24.9 2873 (33.8) 258 (9.0)

25.0-29.9 2988 (35.1) 246 (8.2)

≥ 30 2354 (27.7) 190 (8.1)

Anesthesia duration < 2 hours 139 (1.6) 1 (0.7) < 0.001

2-6 hours 6251 (73.5) 220 (3.5)

> 6 hours 2111 (24.8) 516 (24.4)

Type of
surgery

Esophageal Esophagectomy 140 (1.6) 79 (56.4) < 0.001

Other esophageal 230 (2.7) 3 (1.3)

Gastric Gastric bypass/gastrectomy 561 (6.6) 7 (1.2)

Hepatobiliary and Pancreatic Pancreatectomy/splenectomy 407 (4.8) 43 (10.6)

Whipple 445 (5.2) 147 (33.0)

Hepatectomy 351 (4.1) 128 (36.5)

Other hepatobiliary 145 (1.7) 16 (11.0)

Intestinal Bowel surgery 1506 (17.7) 77 (5.1)

Renal, Adrenal,
and Urologic

Nephrectomy/adrenalectomy 1316 (15.5) 29 (2.2)

Cystectomy 179 (2.1) 38 (21.2)

Prostatectomy 1211 (14.2) 1 (0.1)

Other urologic 157 (1.8) 0 (0)

Gynecologic
Oncology

Gynecologic oncology 927 (10.9) 26 (2.8)
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Patient Characteristics Total number of
patients, n (% of

all patients)

Immediate ICU
admission, n (%
of total in each

stratum)

P-value

Vascular Major vascular 108 (1.3) 64 (59.3)

Other Exploratory laparotomy 596 (7.0) 75 (12.6)

Laparoscopy 222 (2.6) 4 (1.8)

SAS 0-2 46 (0.5) 26 (56.5) < 0.001

3-4 357 (4.2) 115 (32.2)

5-6 1915 (22.5) 363 (19.0)

7-8 4194 (49.3) 212 (5.1)

9-10 1989 (23.4) 21 (1.1)

*
Patients with missing or non-physiologic height and/or weight were excluded.

Abbreviations: ICU = intensive care unit; ASA = American Society of Anesthesiologists’ physical status; BMI = body mass index; SAS = surgical
Apgar score.
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Table 3

Variables associated with immediate ICU admission as determined by univariate and multivariate analysis,

with unadjusted and adjusted odds ratio (OR) and 95% confidence interval (CI).

Unadjusted Odds Ratio Adjusted Odds Ratio

Patient Characteristics OR (95% CI) P-value OR (95% CI) P-value

Age, years < 50 Reference Reference

50-59 1.44 (1.12,1.86) 0.004 1.68 (1.21, 2.31) 0.002

60-69 1.63 (1.28, 2.08) < 0.001 1.60 (1.16, 2.20) 0.004

70-79 2.60 (2.04, 3.31) < 0.001 1.61 (1.15, 2.24) 0.005

≥ 80 3.11 (2.37, 4.09) < 0.001 2.25 (1.56, 3.26) < 0.001

Female Reference Reference

Male 0.71 (0.61, 0.83) < 0.001 0.84 (0.69, 1.04) 0.103

ASA I Reference Reference

II 1.11 (0.76, 1.62) 0.597 0.73 (0.45, 1.18) 0.2

III 4.16 (2.86, 6.06) < 0.001 1.44 (0.88, 2.37) 0.149

IV-V 22.35 (13.89,
35.99)

< 0.001 8.48 (4.48, 16.05) < 0.001

Elective procedure Reference Reference

Emergency procedure 2.61 (2.11, 3.23) < 0.001 4.91 (3.42, 7.06) < 0.001

BMI < 18.5 1.73 (1.20, 2.49) 0.004 1.24 (0.77, 1.99) 0.376

18.5-24.9 Reference Reference

25.0-29.9 0.91 (0.76, 1.09) 0.308 0.87 (0.69, 1.10) 0.236

≥ 30 0.89 (0.73, 1.08) 0.243 1.11 (0.87, 1.43) 0.403

Anesthesia duration < 2 hours 0.20 (0.03, 1.43) 0.108 0.10 (0.01, 0.79) 0.028

2-6 hours Reference Reference

> 6 hours 8.87 (7.50, 10.48) < 0.001 4.11 (3.24, 5.21) < 0.001

Type of surgery Esophageal Esophagectomy 24.03 (16.03,
36.04)

< 0.001 26.71 (16.53,
43.19)

< 0.001

Other
esophageal

0.25 (0.08, 0.78) 0.018 0.82 (0.24, 2.79) 0.753

Gastric Gastric bypass /
gastrectomy

0.23 (0.11, 0.51) < 0.001 0.56 (0.24, 1.33) 0.19

Hepatobiliary
and Pancreatic

Pancreatectomy
/ splenectomy

2.19 (1.48, 3.24) < 0.001 2.40 (1.52, 3.78) < 0.001

Whipple 9.15 (6.76, 12.39) < 0.001 5.76 (3.99, 8.33) < 0.001

Hepatectomy 10.65 (7.77,
14.61)

< 0.001 12.90 (8.75,
19.01)

< 0.001

Other
hepatobiliary

2.30 (1.30, 4.06) 0.004 2.74 (1.43, 5.24) 0.002

Intestinal Bowel surgery Reference Reference

Renal, Adrenal,
and Urologic

Nephrectomy /
adrenalectomy

0.42 (0.27, 0.65) < 0.001 1.17 (0.72, 1.90) 0.529

Cystectomy 5.00 (3.27, 7.65) < 0.001 2.55 (1.57, 4.16) < 0.001
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Unadjusted Odds Ratio Adjusted Odds Ratio

Patient Characteristics OR (95% CI) P-value OR (95% CI) P-value

Prostatectomy 0.02 (0.00, 0.11) < 0.001 0.04 (0.01, 0.31) 0.002

Other urologic - - - -

Gynecologic
Oncology

Gynecologic
oncology

0.54 (0.34, 0.84) 0.007 1.19 (0.71, 1.99) 0.501

Vascular Major vascular 26.99 (17.26,
42.21)

< 0.001 12.75 (7.44,
21.84)

< 0.001

Other Exploratory laparotomy 2.67 (1.91, 3.73) < 0.001 1.50 (1.00, 2.26) 0.049

Laparoscopy 0.34 (0.12, 0.94) 0.038 0.42 (0.14, 1.25) 0.121

SAS 0-2 24.42 (13.41,
44.45)

< 0.001 14.41 (6.88,
30.19)

< 0.001

3-4 8.93 (6.87, 11.59) < 0.001 4.42 (3.19, 6.13) < 0.001

5-6 4.39 (3.67, 5.26) < 0.001 2.60 (2.08, 3.24) < 0.001

7-8 Reference Reference

9-10 0.20 (0.13, 0.31) < 0.001 0.39 (0.24, 0.65) < 0.001

Abbreviations: ICU = intensive care unit; ASA = American Society of Anesthesiologists’ physical status; BMI = body mass index; SAS = surgical
Apgar score.

Anesth Analg. Author manuscript; available in PMC 2014 August 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Sobol et al. Page 20

Table 4

Sensitivity and specificity of different SAS cutoff values in predicting later ICU admission in those patients

not immediately admitted to the ICU after surgery.

Surgical Apgar Score
Cutoff Value

Sensitivity (%) Specificity (%)

≤ 2 2.5 99.8

≤ 4 15.3 97.2

≤ 6 53.1 78.1

≤ 8 91.0 26.1

AUC 0.69 (95% CI 0.66 – 0.72)

Abbreviations: SAS = surgical Apgar score; ICU = intensive care unit; AUC = area under the curve; CI = confidence interval.
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