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Abstract

Purpose: In this study the relationship between intraoperative haemodynamic status and 

postoperative intensive care unit (ICU) admission among older patients with cancer is explored.

Methods: Patients aged ≥75 who underwent elective oncologic surgery lasting ≥120 minutes 

were analysed. Chi-squared and t-tests were used to assess the associations between intraoperative 

variables with postoperative ICU admission. Multivariable regressions were used to analyse 

potential predict risk factors for postoperative ICU admission.

Results: Out of 994 patients, 48 (4.8%) were admitted to the ICU within 30-days following 

surgery. ICU admission was associated with the presence of ≥4 comorbid conditions, 

intraoperative blood loss ≥100mL, and intraoperative tachycardia and hypertensive urgency. On 

multivariable analysis, operation time ≥240 minutes (OR=2.29, p=0.01), and each minute spent 

with intraoperative hypertensive urgency (OR=1.06, p=0.01) or tachycardia (OR=1.01, p=0.002) 

were associated with postoperative ICU admission.

Conclusion: Intraoperative hypertensive urgency and tachycardia were associated with 

postoperative ICU admission in older patients undergoing cancer surgery.
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INTRODUCTION

The average age of much of the industrialized world is continuing to rise. For example, 

Parry et al (2011) estimated that by 2030, 19.3% of the population of the United States will 

be over the age of 65 and Ortman et al (2014) estimated that by 2050 the number of people 

over 65 will nearly double. This concept is not new to the population of Europe and the 

United Kingdom, where the phenomena of aging was first described and which have some 

of the oldest populations in the world (Carpenter 2005). Since older age has been previously 

shown to be the most significant factor for developing cancer (Howlader et al 2011), the 

number of older adults with cancer will almost surely continue to rise.

Surgery is one of the primary treatment options for many cancers. While it has been 

previously thought that old age should be a deterrent for undergoing surgery, recent studies 

(Korc-Grodzicki et al 2014, Marsoner et al 2016) have shown that in oncologic surgical 

decision making, age per se, should not be a factor. Instead of age, fitness or frailty of 

patients should be evaluated in the preoperative evaluation. The gold standard for assessing 

frailty is the comprehensive geriatric assessment (CGA) (Feng et al 2015, Wildiers et al 

2014). CGA is a multidimensional assessment of older patients with cancer which includes 

assessment of various significant health factors such as functional activity, nutritional status, 

and comorbidities. Previous studies (Feng et al 2015, Partridge et al 2015) have shown 

that CGA is a better predictor of postoperative outcomes in older patients with cancer 

than age alone. Frailty, as measured by CGA, has been strongly associated with increased 

postoperative complications and mortality (Cadwell et al 2020, Handforth et al 2015, 

Kristjansson et al 2010, Lin et al 2016).

Another, less studied, factor associated with postoperative complications and mortality is 

intraoperative haemodynamic variables. The literature strongly suggests that intraoperative 

hypotension correlates with a variety of negative outcomes. For example, Sessler and 

Khanna, in their 2018 systematic review, described the association between intraoperative 

hypotension and myocardial injury, kidney injury, and postoperative mortality. A review 

of the literature suggested no benefit of managing intraoperative hypertension below 

180/110mmHg. In fact, the management of mild intraoperative hypertension may cause 

more harm due to the increased risk of hypotension (Ahuja & Charap 2010). However, the 

literature on intraoperative hypertension and outcomes, especially amongst older patients, 

has been scarce and inconclusive (Abbott et al 2018, Wu et al 2017, Yang et al 2016).

Among adverse postoperative outcomes, admission to the intensive care unit (ICU) is 

one of the most significant postoperative events. It causes a significant medical, social, 

psychological, and economic burden on patients and their families (Gruenberg et al 2006), 

especially in the cancer population (Staudinger et al 2000). However, research on the impact 

of various intraoperative haemodynamic variables on the incidence of postoperative ICU 

admission among older patients with cancer is limited. In this study, the authors aim to 

assess the relationship between intraoperative variables and the incidence of postoperative 

ICU admission among older adults with cancer who underwent surgery lasting ≥120 

minutes.
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METHODS

Study Population:

A retrospective analysis of patients with cancer age 75 or older presenting to the geriatrics 

service of the authors’ institution for preoperative evaluation before undergoing oncologic 

surgery was undergone. At the authors’ institution, approximately 80% of patients age 75 

or older are referred to the geriatrics service for preoperative evaluation. At this evaluation, 

all patients undergo a CGA by electronic Rapid Fitness Assessment (eRFA) (Cadwell et 

al 2020, Shahrokni et al 2017b). Geriatricians discussed the result of their evaluation with 

the surgical and anaesthesiology teams via email. Patients were followed by the geriatrics 

service in the postoperative period in a shared care model (Shahrokni et al 2017a). The 

remainder of patients receive preoperative clearance by either their local primary care 

provider or other subspecialists such as cardiologists. Surgical services at the authors’ 

institution do not use standard frailty screening tools for referral to the geriatrics service. 

Patients were included in the study if their surgery lasted ≥120 minutes. This study protocol 

received Institutional Review Board approval.

Measurements:

Outcome of Interest: The primary outcome of interest was admission to the ICU within 

30 days after surgery. This length of time has been used in various studies across cancer and 

non-cancer surgical fields to assess for postoperative complications (Fisher et al 2017, Goel 

et al 2019, Quero-Valenzuela et al 2018, Wu et al 2019). This was retrieved from electronic 

medical records.

Major covariates:

1. Intraoperative variables:

The variables retrieved from the anaesthesia information management system 

(AIMS) included total operation time (in minutes), intraoperative blood loss 

(in millilitres), average intraoperative heart rate, mean arterial blood pressure 

(MABP), non-invasive systolic blood pressure (SBP), and non-invasive diastolic 

blood pressure (DBP). Average pulse pressure was calculated as average 

SBP minus average DBP. Initial intraoperative data captures included first 

intraoperative heart rate, MABP, SBP, and DBP.

Lastly, minutes spent in opposing extremes of intraoperative conditions was 

recorded: 1- heart rate of <60 beats per minute, 2- heart rate of >100 

beats per minute, 3- systolic blood pressure <80mmHg, 4- systolic blood 

pressure >180mmHg, 5- diastolic blood pressure <40mmHg, 6- diastolic blood 

pressure >100mmHg, 7- MABP <60mmHg, and 8- MABP >130mmHg. Similar 

intraoperative categorizations have been used in numerous studies on the effects 

of intraoperative haemodynamics on surgical outcomes. (Abbott et al 2018, 

Monk et al 2015, Reich et al 2002, Yang et al 2016).

2. Preoperative CGA (via the eRFA): The domains, instruments, ranges, and 

cut-offs of the CGA can be found in Table 1.
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Other covariates: Sociodemographic characteristics (age, gender, marital status, 

educational status and living condition), American Society of Clinical Anesthesiologists 

– Performance Status (ASA-PS) classification, and type of surgery.

Statistical analysis:

Chi-squared and t-tests were used to assess the association between categorical and 

continuous variables with postoperative ICU admission. Significant associations (p<0.05) 

were included in the multivariable regression analyses with postoperative ICU admission 

as dependent and all other variables as independent variables. Furthermore, the association 

between frailty and time spent with intraoperative SBP >180mmHg and/or heart rate >100 

beats per minute was assessed.

RESULTS

Patient characteristics

The patient sample included a total of 994 patients with a median age of 79 (range 75–

100) undergoing cancer surgery between 2015 and 2017. In total, 482 were male (48.5%), 

557 were married (56.0%), and 673 (67.7%) were living with their spouse, family, or 

partner. The most common surgical procedures, with more than 5% of the whole cohort, 

were gynaecological surgery (164 patients, 16.5%), hemi-colectomy (152 patients, 15.3%), 

modified and radical neck dissection (99 patients, 10.0%), pancreatectomy (90 patients, 

9.1%), cystectomy (77 patients, 7.7%), hepatobiliary surgery (75 patients, 7.5%), lung 

resection (70 patients, 7.0%), orthopaedic surgery (57 patients, 5.7%), and small bowel 

resection (51 patients, 5.1%).

Out of 994 patients, 48 (4.8%) were admitted to the ICU within 30-days postoperatively, 

while 946 (95.2%) patients were not. Patients with ICU admission were more likely 

to be male (62.5% vs. 47.8%, p=0.04) and to be living with family (77.1% vs 67.5%, 

p=0.03). Patients who were admitted to the ICU had longer operation times (p=0.005) and 

experienced more intraoperative blood loss compared to patients without ICU admission 

(p=0.01) [Table 2].

Table 2 also shows the relationship between intraoperative variables and ICU admission. 

The average intraoperative heart rate was higher in ICU patients than in non-ICU patients 

(p=0.006). Patients admitted to the ICU postoperatively spent longer times with heart rate 

>100 beats per minute intraoperatively (18.12 vs. 5.44 minutes p<0.001) compared to those 

without ICU admission. Finally, patients who were subsequently admitted to the ICU spent 

more time with intraoperative SBP of >180mmHg (4.33 vs. 2.3 minutes, p=0.003) compared 

to patients without an ICU admission.

Figure 1 shows the relationship between presence of frailty markers measured for in the 

eRFA and prevalence of postoperative ICU admission. The only frailty measure significantly 

different between patients with and without an ICU admission was the presence of ≥4 

poly-comorbid conditions (p<0.01). Of the 13 comorbid conditions tested for in the 

eRFA, cerebrovascular accident (CVA), peripheral vascular disease (PVD), kidney disease, 

Afonso et al. Page 4

J Perioper Pract. Author manuscript; available in PMC 2024 July 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and coronary artery disease (CAD) were significantly associated with postoperative ICU 

admission (p<0.05) [Figure 2].

Table 3 shows the result of the multivariable analysis. Operation time ≥240 minutes was 

shown to be associated with an increased odds of ICU admission (OR=2.29, p=0.01). Each 

minute of time spent with SBP >180mmHg or heart rate >100 had a 6% (OR=1.06, p=0.01) 

or 1% (OR=1.01, p=0.002) increased odds of postoperative ICU admission, respectively. 

Following adjustment for associated polycomorbid conditions and gender, time spent with 

heart rate >100 and SBP >180mmHg were still shown to be associated with postoperative 

ICU admission.

DISCUSSION

In this study the relationship between intraoperative haemodynamic variables and the 

likelihood of ICU admission among older patients who underwent cancer surgery lasting 

≥120 minutes was assessed. This analysis suggests that among intraoperative variables, 

operation time ≥240 minutes, time spend with heart rate >100, and time spent with SBP 

>180mmHg were associated with a higher likelihood of ICU admission after adjustment for 

comorbid conditions and gender.

Preoperative hypertension affects 25% of patients undergoing surgery, however, the 

incidence increases significantly with older age (Varon & Marik 2008). SBP of >180mmHg 

is often considered a hypertensive urgency (Desai et al 2009). However, in contrast 

to intraoperative hypotension which is well studied and is strongly correlated with 

postoperative adverse outcomes such as acute kidney injury (AKI) (Salmasi et al 2017, 

Sun et al 2015, Walsh et al 2013), myocardial injury (Salmasi et al 2017, Walsh et al 

2013), and delirium (Hirsch et al 2015), the relationship between intraoperative hypertensive 

urgency and postoperative adverse outcomes is less investigated. In a study of 797 patients 

who underwent non-cardiac surgery, Reich et al (2002) evaluated the relationship between 

intraoperative variables and negative surgical outcomes defined as length of stay greater than 

ten days and postoperative mortality or morbidity. While they found no relationship between 

intraoperative variables and negative surgical outcomes among patients who underwent 

surgery of shorter duration, patients with intraoperative SBP of >160mmHg experienced 

higher rates of negative surgical outcomes (OR=2.09, p=0.009). It is important to note that 

the median age of this cohort (60 years) was younger than the cohort of this study which 

only included patients aged 75 or older.

In a prospective international cohort study of noncardiac surgeries, Abbott et al (2018) 

assessed the relationship between intraoperative haemodynamic variables and myocardial 

injury. The average age of the cohort was 65 years. In this study, 1,197 of 15,109 patients 

(7.9%) had myocardial injury after surgery. Maximum SBP of >160mmHg was associated 

with an increased likelihood of myocardial injury (OR=1.16, p=0.04) as well as myocardial 

infarction (OR=1.34, p=0.01).

Yang et al (2016) also found that intraoperative hypertension and tachycardia negatively 

affect outcomes, specifically postoperative delirium in older patients undergoing major 
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surgery. Wu et al (2017) studied a population of patients with chronic hypertension 

undergoing major gastrointestinal surgery. They performed a prospective randomized study 

assigning patients into three groups that determined their strictly controlled range of 

intraoperative MAP: level I (65–79mmHg), level II (80–95mmHg), and level III (96–

110mmHg). The results of the study revealed that level I and level III patients had an 

increased risk for AKI while level II patients were at a reduced risk for pneumonia and ICU 

admission, while having a lower average length of stay.

This study provides evidence that intraoperative hypertensive urgency and tachycardia are 

associated with an increased risk of postoperative ICU admission among older patients 

with cancer undergoing surgical procedures lasting more than two hours. In addition, the 

relationship between aging-related impairments assessed via GA and postoperative ICU 

admission was assessed. A systematic review by Lin et al (2016) found frailty to be 

associated with postoperative complications. However, in this analysis it was found that 

other than multiple comorbid conditions, no other factor in the CGA was associated with 

ICU admission. Moreover, specific comorbid conditions associated with postoperative ICU 

admission were mainly vascular diseases such as peripheral vascular disease, coronary artery 

disease, cerebrovascular disease, and kidney failure. However, even after adjusting for these 

variables, the duration of intraoperative time that older patients with cancer spent with 

SBP of >180mmHg and heart rate >100 were still associated with an increased risk of 

postoperative ICU admission [Table 3].

There are few studies which look at the relationship between frailty, intraoperative 

haemodynamics, and negative surgical outcomes. A recent study by James et al (2019) 

investigated this relationship, however their primary aim was to explore blood pressure 

variability, whereas this study takes into account additional variables. Furthermore, this 

analysis was unique to older patients with cancer, a cohort that has not had a comparable 

study done as of this time.

By recognizing the association between intraoperative hypertension and negative outcomes, 

hospital staff can work to manage hypertension in the preoperative setting, making it 

easier for anaesthesiologists to manage it in the intraoperative setting. Future larger studies 

should further assess this relationship among older patients with cancer. Studies should 

also investigate the relationship between intraoperative SBP of >180mmHg and other 

postoperative outcomes aside from ICU admission such as kidney function, myocardial 

injury, and delirium. Considering these findings, it is important to study hypertension in 

addition to hypotension when reporting intraoperative haemodynamics and postoperative 

outcomes of older patients with cancer.

This study, especially given its exploratory nature, has its limitations. It is a single institution 

study in which all older patients with cancer were comanaged by the geriatrics service 

perioperatively. Assessment of correlation between intraoperative SBP and postoperative 

outcomes in a larger multi-institutional study will provide further evidence about the 

strength of such a relationship. Moreover, the authors’ retrieved comorbid conditions from 

ICD9/10 codes submitted within the first 48 hours of hospital stay. Especially given 

the four significant comorbid conditions associated with postoperative ICU admission 

Afonso et al. Page 6

J Perioper Pract. Author manuscript; available in PMC 2024 July 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(CVA, PVD, CAD, and kidney disease), future studies should be focused on these four 

comorbid conditions by further defining their effects. The authors’ also did not take into 

account the perioperative anti-hypertensive medications of patients, nor did they assess 

the intraoperative interventions before and after extreme haemodynamic changes. Because 

of the low event rate of just 48 ICU admissions, further adjustment for other potential 

confounding variables such as these could not be done. Lastly, this study combines multiple 

types of geriatric cancer surgeries. This could lead to the results over or understating the 

effect of intraoperative hypertension from certain types of cancer. Future studies should be 

done that stratify based on type of cancer in older patients.

Nonetheless, this study has its strengths. It is based on one of the largest cohorts of older 

patients with cancer. The average age of the cohort is 79, which is significantly older 

than the vast majority of studies that have explored the correlation between intraoperative 

haemodynamic variables and postoperative outcomes. There was also extensive data on 

frailty using the CGA, the gold standard frailty measure, and aging-related impairments 

which is missing from many prior studies.

CONCLUSION

The duration of intraoperative hypertensive urgency and tachycardia were associated with 

an increased likelihood of ICU admission among this cohort of older patients with cancer. 

Future studies should further explore this finding.
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Figure 1: Prevalence of geriatric deficits among patients who were or were not admitted to the 
ICU after surgery
*p<0.05

ICU, Intensive care unit

KPS, Karnofsky performance status

iADL, Instrumental activities of daily living

ADL, Activities of daily living
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Figure 2: Prevalence of comorbid conditions among patients who were or were not admitted to 
the ICU after surgery
*p<0.05

ICU, Intensive care unit

CVA, Cerebrovascular accident

COPD, Chronic obstructive pulmonary disease

DM, Diabetes mellitus

HTN, Hypertension
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Table 1:

Electronic Rapid Fitness Assessment Domains and Instruments

Domain Instrument Description Score range or 
answers

Abnormal 
cutoff score

Functional 
Domain

Basic Activities of 
Daily Living (bADL)

Assesses patients’ level of independence in 
performing seven activities; bathing, dressing, 
grooming, feeding, bladder and bowel control, and 
walking inside and outside of the house.

Limited a lot (0 
points), a little (1 
point), or not at all 
(2 points)

Patients with any 
limitation in any 
of these activities 
(<14 points)

Instrumental Activities 
of Daily Living 
(iADL)

Assesses patients’ level of independence in eight 
activities; telephone use, doing laundry, shopping, 
preparing meals, doing housework, handling own 
medications, handling money and finances, and 
transportation.

Unable to perform 
activity (0 points), 
needed some help (1 
point), did not need 
any help (2 points)

Patients who 
needed any help 
with any of these 
activities (<16 
points)

Patient-rated 
Karnofsky 
Performance Status (p-
KPS)

Patients were asked to rate their performance 
status using p-KPS. A higher score indicates better 
performance.

30–100 ≤80

Fall in the past year Number of falls No falls,1 fall, >1 
fall

≥1 fall

Timed Up and Go test Patients were asked by the geriatrics nurses to stand 
from the chair, walk ten feet, turn and return to the 
chair.

< 10 seconds, 10–19 
seconds,
≥ 20 seconds

≥10 seconds

Social 
Support/
Activity

Medical Outcome 
Study-Social Support 
Survey-

Four 5-point Likert scale questions addressing 4 
domains of social support: emotional/informational, 
tangible, affectionate, and positive social interaction. 
A higher score indicates better social support.

4–20 ≤16

Medical Outcome 
Study, Social Activity 
survey

Three 5-point Likert scale questions addressing the 
interference of patient’s health condition with the 
social activity. A higher score means more health-
related interference with social activities.

3–15 ≥8

Cognition Mini-Cog Clock-drawing test (CDT) and 3-word recall. 
Normal CDT gets 2 points, and each recalled word 
gets 1 point.

0–5 ≤2

Emotional 
wellbeing

Distress-Measured by 
Distress Thermometer

Patients are asked about level of distress in the 
past 2 weeks. 0 means no distress at all; 10 means 
extreme distress

0–10 ≥4

Depression-Measured 
by Geriatric 
Depression Scale-4 
item questionnaire

Four yes/no questions regarding patient’s 
psychological status

0–4 ≥1

Poly-
pharmacy

Patient-reported Number of medications ≥0 medications ≥5 medications

Nutritional 
Status

Patient-reported Weight change in the past 6 months ≥0 pounds lost ≥10 pounds loss

Poly-
comorbid 
conditions

ICD9/10 codes for 
claims submitted 
within the first 48 
hours of hospital stay.

The 13 comorbid conditions of interest were: 
coronary artery disease, or atrial fibrillation, or atrial 
flutter, or myocardial infarction, or cardiomyopathy, 
or heart failure; dementia, or Alzheimer’s, or 
Lewy body disease, or memory loss, or MCI, or 
delirium; arthritis or degenerative joint disease; 
chronic obstructive pulmonary disease/asthma or 
pneumonia; cerebrovascular accident or transient 
ischemic attack; diabetes; hypertension; kidney 
failure; lipid disorders; liver diseases; peptic ulcer 
disorder; peripheral vascular disease; and thyroid 
diseases

0–13 conditions ≥4 comorbid
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Table 2:

Sociodemographic and intraoperative characteristics of older patients with cancer who were and were not 

admitted to ICU postoperatively

No Postoperative ICU Admission
N=946, 95.2%

Postoperative ICU admission 
N=48, 4.8%

P-Value

Age (mean/SD) 79.9 (4.1) 80.3 (5.0) 0.5

Male 452 (47.8%) 30 (62.5%) 0.04

Married 526 (55.8%) 31 (66%) 0.6

College graduate or higher 455 (48.3%) 18 (38.3%) 0.5

Living with family 636 (67.5%) 37 (77.1%) 0.03

ASA-PS

0.07
II 78 (8.2%) 2 (4.2%)

III 818 (86.5%) 40 (83.3%)

IV 50 (5.3%) 6 (12.5%)

Operation time

0.005120–239 minutes 605 (64%) 21 (43.8%)

≥240 minutes 341 (36%) 27 (56.3%)

Intraoperative blood loss

0.01<100 mL 346 (40%) 9 (21.4%)

≥100 mL 518 (60%) 33 (78.6%)

Average intraoperative heart rate (beats per min) 68 (8) 71 (9) 0.006

Average intraoperative MABP (mmHg) 82 (10) 83 (10) 0.29

Average intraoperative SBP (mmHg) 121 (17) 124 (17) 0.20

Average intraoperative DBP (mmHg) 63 (8) 64 (7) 0.46

First intraoperative heart rate (beats per min) 71 (14) 72 (15) 0.65

First MABP (mmHg) 94 (21) 98 (26) 0.16

First DBP (mmHg) 71 (15) 75 (19) 0.08

First SBP (mmHg) 141 (35) 146 (43) 0.31

Time spent with heart rate <60 (min) 97 (132) 89 (122) 0.66

Time spent with heart rate >100 (min) 5.44 (18) 18.12 (35) <0.001

Time spent with SBP <80 (min) 2.9 (4.3) 3.3 (5.1) 0.48

Time spent with SBP >180 (min) 2.3 (4.1) 4.33 (9.1) 0.003
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No Postoperative ICU Admission
N=946, 95.2%

Postoperative ICU admission 
N=48, 4.8%

P-Value

Time spent with DBP <40 (min) 0.6 (1.7) 0.9 (2.6) 0.45

Time spent with DBP >100 (min) 0.74 (2.1) 1.0 (2.1) 0.29

Time spent with MABP <60 (min) 4.0 (6.2) 4.7 (7.7) 0.46

Time spent with MABP >130 (min) 0.78 (2.2) 1.33 (2.9) 0.09

Pulse pressure (mmHg) 57 (15) 57 (14) 0.16

ICU, Intensive care unit

ASA-PS, American Society of Clinical Anesthesiologists – Performance Status

MABP, Mean arterial blood pressure

SBP, Systolic blood pressure

DBP, Diastolic blood pressure
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