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ABSTRACT
Introduction: Frailty has been considered to be an important 

predictor of surgical morbidity, influencing both short and long-term 

postoperative mortality. Despite this association, less is known about 

frailty's impact on intraoperative hemodynamic stability, namely 

intraoperative hypotension, which may influence postoperative 

outcomes. We aimed to evaluate if frail patients submitted to 

elective surgery are more susceptible to experience intraoperative 

hypotension and mortality at 30 days.

Methods: A prospective cohort study was conducted between 

March and November 2020. Fifty-three adult patients proposed for 

intermediate or high-risk surgery were enrolled. Frailty was assessed 

preoperatively by Clinical Frailty Scale. Intraoperative hypotension, 

defined by three different criteria, and mortality at 30 days were 

evaluated for each patient.

Results: Of the 53 participants enrolled, 13.7% (n=7) were deemed 

frail. All frail patients developed intraoperative hypotension by at least 

one of the criteria in contrast with 82.9% (n=29) of non-frail, although 

differences were not statistically significant (p=0.567). Intraoperative 

hypotension cumulative duration did not differ significantly between 

groups in generalized linear model. The 30-day survival rate was 96.2% 

and frailty had a significant influence on overall survival (p=<0.001).

Conclusion: This study did not show an association between frailty and 

intraoperative hypotension development or it's cumulative duration. 

Though, it demonstrated that frailty, evaluated by Clinical Frailty Scale, 
is associated with decreased survival at 30 days postoperatively, which 
supports the routine use of this tool and outlights the importance of 
preoperative frailty screening.

RESUMO
Introdução: A fragilidade tem sido considerada um importante preditor 
da morbilidade cirúrgica, influenciando a mortalidade pós-operatória a 
curto e longo prazo. Apesar desta associação, pouco se sabe sobre o seu 
impacto na estabilidade hemodinâmica intraoperatória, nomeadamente 
hipotensão intraoperatória, a qual pode influenciar os resultados pós-
operatórios. O nosso objetivo foi avaliar se pacientes frágeis, submetidos 
a cirurgia eletiva, são mais suscetíveis ao desenvolvimento de hipotensão 
intraoperatória e mortalidade aos 30 dias.
Métodos: Um estudo de coorte prospetivo foi efetuado entre março e 
novembro de 2020. Cinquenta e três adultos propostos para cirurgia de 
risco intermédio ou alto foram incluídos. A fragilidade foi aferida pré-
operatoriamente pela Clinical Frailty Scale. A hipotensão intraoperatória, 
definida por três critérios diferentes, e a mortalidade aos 30 dias foram 
avaliadas para cada paciente.
Resultados: Dos 53 participantes incluídos, 13,7% (n=7) eram frágeis. 
Todos os pacientes frágeis desenvolveram hipotensão intraoperatória, 
definida por pelo menos um critério, em comparação com 82,9% 
(n=29) dos não frágeis, embora as diferenças não tenham sido 
estatisticamente significativas (p=0,567). A duração cumulativa da 
hipotensão intraoperatória não diferiu significativamente entre os 
grupos no modelo linear generalizado. A sobrevida aos 30 dias foi 
96,2% e a fragilidade teve influência significativa na sobrevida global 
(p=<0,001).
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Are Frail Patients More Susceptible to Intraoperative Hypotension and 30-Day Mortality?
São os Doentes Frágeis Mais Suscetíveis a Hipotensão Intraoperatória e Mortalidade nos 30 Dias Pós-Operatórios?

INTRODUCTION
Frailty is considered a biological syndrome of decreased 
physiological reserve that leads to a greater vulnerability to 
adverse events and limits the overall capacity of a person to 
respond to stressors.1-3

The first definition of frailty was of Fried’s physical phenotype, 
which considers that at least three of the following physical 
criteria should be met to diagnose frailty2: slow gait, low 
grip strength, weight loss, self-reported exhaustion, and low 
physical activity. Currently, there are many clinical tools to 
evaluate frailty based on physical performance, mobility, 
nutritional status, mental health and cognition, but there is 
still no consensus on the best clinical tool to assess frailty.2,3

An increasing interest has emerged in preoperative frailty 
assessment since many studies pointed frailty as an important 
predictor of surgical morbidity and mortality.4-7 Indeed, 
frailty has shown a strong association with postoperative 
short-term (30-day) and long-term (1-year) mortality across 
different surgical subspecialties.8,9 Furthermore, although 
this relationship is typically described in older people, frailty 
has also demonstrated to be a potential indicator of the risk 
of death in non-elderly individuals.8

Despite the well-established association between frailty 
and poor postoperative outcomes,6,7 less is known about the 
influence of frailty during the intraoperative period, namely 
in patient hemodynamic stability, which may influence 
postoperative outcomes. 
The relationship between frailty and intraoperative 
hypotension (IOH) is not well studied but frailty seems 
to be associated with cardiac autonomic nervous system 
impairment. In fact, frail patients suffer a progressive 
homeostatic deregulation in many physiological systems, 
including autonomic nervous system which manifests itself 
in heart rate variability reduction or decreased heart rate 
response to physical activity.10 This cardiovascular autonomic 
dysfunction can contribute to blood pressure instability that 
may occur during surgery.11

Additionally, there is evidence that intraoperative 
hemodynamic instability, namely IOH, can be associated 
with inadequate organ perfusion and risk of organ injury. The 
latter seems to increase with progressive decreases in blood 
pressures and prolonged exposition to low blood pressures, 
although there is not a consensus threshold to define 

IOH.12,13 These findings corroborate reports showing that, 
similarly to frailty, IOH increases postoperative morbidity 
and mortality.14,15

We conducted a prospective cohort study with the aim of 
evaluating if frail patients submitted to elective intermediate 
or high-risk surgery are more susceptible to experience IOH 
and have greater risk of mortality at 30 days.

MATERIAL AND METHODS
STUDY DESIGN
We performed a prospective cohort study in a university 
hospital between March and November 2020. It should be 
noted that, due to concerns with coronavirus disease 2019 
(COVID-19) dissemination, declared pandemic by the World 
Health Organization (WHO) on March 11, elective surgical 
activity and data collection process for this study were 
suspended for a large period of time.
The study was approved by the Hospital Ethics committee 
and informed written consent was given by all the patients.

PARTICIPANTS
Inclusion criteria were defined as adult patients proposed 
for intermediate or high-risk surgery (according to ESC/ESA 
Guidelines on non-cardiac surgery)16 under general, regional 
or combined anesthesia, of Portuguese nationality.  Patients 
proposed for low-risk surgery, cardiac or intracranial surgery, 
urgent/emergent surgery, with admission to Intensive Care 
Unit (ICU), with inability to understand Portuguese language 
and to understand or sign a written informed consent were 
excluded.
Fifty-three patients admitted to surgery met inclusion 
criteria to the study and were enrolled. Data collected in 
the preoperative period included: surgical risk (stratified 
by American Heart Association guideline); patient 
sociodemographic data; comorbidities by American Society 
of Anesthesiologists (ASA) physical status classification 
and Charlson Comorbidity Index (CCI)17; Revised Cardiac 
Risk Index (RCRI)18; usual medication, particularly 
antihypertensive drugs, highlighting angiotensin converting 
enzyme (ACE) inhibitors, angiotensin II receptor blockers 
and beta-adrenoreceptor blockers. Polypharmacy was 
defined by the use of ≥ 5 drugs. Patient frailty was assessed by 
the Clinical Frailty Scale (CFS) and patients were considered 
frail when the score was superior or equal to 5, whereas a 
patient with a score inferior to 5 was considered non-frail.19  
Intraoperative data, collected from anesthesia records, 
included blood pressure monitoring data, inotropes/
vasopressors use and length of surgery. Blood pressure 
measurements were obtained either by an automatic 
noninvasive blood pressure cuff every 3-5 minutes or 
continuously by an indwelling arterial line. In the cases 
where both measures of blood pressure were available, the 

Conclusão: Este estudo não evidenciou associação entre fragilidade e o 
desenvolvimento ou duração cumulativa de hipotensão intraoperatória. 
Porém, demonstrou que a fragilidade, avaliada pela Clinical Frailty Scale, 
se associa a diminuição da sobrevida aos 30 dias, corroborando o uso 
rotineiro desta ferramenta e destacando a importância da avaliação pré-
operatória da fragilidade.
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presented in Table 1. Using Clinical Frailty Scale, 7 (13.7%, 2 

missing value) participants were classified as being frail (CFS 

5-9) and the remaining 44 (86.3%, 2 missing value) as non-

frail (CFS 1-4). Main characteristics of both groups (frail and 

non-frail participants) are described in Table 2. 

data from the arterial line was used. Posteriorly, anesthesia 
records were analysed to assess for IOH.
Hypotension was classified by three criteria: A- Mean arterial 
pressure (MAP) less than 65 mmHg for longer or equal to 15 
min; B1- Systolic blood pressure (SBP) less than 90 mmHg; 
B2 - SBP between 90 and 99 mmHg. 
The cumulative duration (in minutes) of IOH periods was 
recorded as the sum of every IOH episode duration according 
to criteria A, B1 and B2. The lowest systolic blood pressure 
observed and the need of inotropes or vasopressors in the 
intraoperative period in order to treat hypotension was also 
registered. Blood pressures were considered out-of-range 
according to the following criteria: SBP greater than or equal 
to 300 or SBP less than or equal to 20 mmHg; SBP less than or 
equal to DBP + 5 mmHg; DBP less than or equal to 5 mmHg 
or DBP greater than or equal to 225 mmHg.
In the postoperative period, clinical records of all participants 
enrolled in the study were evaluated to assess mortality 
within the period of 30 days after surgery.

STATISTICAL ANALYSIS
A descriptive statistics of all variables collected was 
performed. In case of qualitative variables, absolute (n) and 
relative frequencies (%) were calculated. For quantitative 
variables, all used variables follow a non-normally distribution 
according to Kolmogorov-Smirnov and Shapiro-Wilk tests 
and median and [interquartile range (IQR)] were determined.
Fisher’s exact test was used to describe the association 
between categorical variables and Mann-Whitney U test was 
used to assess ordinal and continuous variables. 
Logistic regression analysis was performed to assess the 
relationship between frailty and the use of vasopressors, 
with adjustment for potential confounders (age and sex). 
A generalized linear model, also adjusted for age and sex, 
was calculated to compare the cumulative duration of IOH 
between frail and non-frail participants.
Survival rate at 30-day was calculated using a Kaplan-Meier 
estimate and the log-rank test was performed to compare 
survival curves. 
A p-value<0.05 was considered statistically significant. 
Statistical analysis of the collected data was done with 
Statistical Package for Social Sciences (SPSS) software, 
Chicago, Illinois, v26.0.

RESULTS
PREOPERATIVE DATA
Fifty-three patients were enrolled in the study. However, 
due to computer technical problems, intraoperative arterial 
tension records were not accessible in 10 participants and 
this was considered missing data. The median [IQR] age of 
participants was 61 [54.5-69.5] years, being mainly female 
(54.7%). Demographic characteristics of this cohort are 

Are Frail Patients More Susceptible to Intraoperative Hypotension and 30-Day Mortality?
São os Doentes Frágeis Mais Suscetíveis a Hipotensão Intraoperatória e Mortalidade nos 30 Dias Pós-Operatórios?

Table 1. Demographic characteristics of participants

Characteristic Participants N=53 (%)

Age, median, [IQR], y 61.5 [54.5-69.5]

Gender

Female
Male

29 (54.7)
24 (45.3)

ASA class

I
II
III
IV
V
VI

2 (3.8)
28 (52.8)
22 (41.5)

1 (1.9)
0 (0.0)
0 (0.0)

Frailty

1 (Very fit)
2 (Fit)

3 (Managing well)
4 (Living with very mild frailty)

5 (Living with mild frailty)
6 (Living with moderate frailty)

7 (Living with severe frailty)
8 (Living with very severe frailty)

9 (Terminally ill)
Missing

2 (3.8)
14 (26.4)
20 (37.7)
8 (15.1)
2 (3.8)
2 (3.8)
3 (5.7)
0 (0.0)
0 (0.0)
2 (3.8)

Charlson Comorbidity Index

0
1
2
3
4
5
6
7
8
9

10
Missing

7 (13.2)
5 (9.4)

11 (20.8)
3 (5.7)

6 (11.3)
5 (9.4)
2 (3.8)
1 (1.9)
2 (3.8)
1 (1.9)
1 (1.9)

9 (17.0)

RCRI

0 points
1 points
2 points
3 points
4 points
5 points
6 points
Missing

13 (24.5)
30 (56.6)
6 (11.3)
2 (3.8)
1 (1.9)
0 (0.0)
0 (0.0)
1 (1.9)

Polypharmacy

Yes
No

20 (37.7)
33 (62.3)

Antihypertensive drugs

No
ACE inhibitor

Angiotensin II receptor blocker
Others

29 (54.7)
10 (18.9)
7 (13.2)
7 (13.2)

Surgical Risk

Intermediate
High

42 (79.2)
11 (20.8)

Legend:

IQR Interquartile Range; ASA American Society of Anesthesiology classification; RCRI Revised Cardiac 

Risk Index 
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participants submitted to intermediate risk surgery. Median 
[IQR] minimal systolic blood pressure was 76 [65-91] mmHg. 
The drug most commonly used to treat hypotension was 
ephedrine (bolus).
All frail patients presented IOH when considering at least 
one of the criteria (Table 3).
Of non-frail patients, 82.9% (n=29) registered IOH. The 
difference between the two groups was not statistically 
significant (p=0.567). 
It was verified that cumulative duration of IOH did not differ 
significantly between frail and non-fail groups, including 
after adjustment for age and sex, in generalized linear model. 
Frailty was not statistically significantly associated with the 
need of vasopressors in logistic regression analysis, even after 
adjusting for age and sex (Table 4).

POSTOPERATIVE DATA
At 30 days after surgery two frail patients had died (at 8 and 
30 days postoperatively). All patients on the non-frail group 
were alive at the end of follow-up period. The overall survival 
rate was 96.2% and frailty had a significant influence on 
overall survival (p=<0.001) (Fig. 1). 

Are Frail Patients More Susceptible to Intraoperative Hypotension and 30-Day Mortality?
São os Doentes Frágeis Mais Suscetíveis a Hipotensão Intraoperatória e Mortalidade nos 30 Dias Pós-Operatórios?

INTRAOPERATIVE DATA
IOH by at least one of the above-mentioned criteria was 
registered in a total of 37 participants (86.0%, 10 missing 
values). Criteria A, B1 and B2 was verified in 25.6%, 72.1% 
and 81.4% of the participants, respectively (Table 3).
Median [IQR] length of surgery was 220 [162-350] minutes. 
Of note, IOH was verified in 100% (n=9) of participants 
submitted to high-risk surgery and in 82.4% (n=28) of 

Table 2. Demographic characteristics of frail and non-frail 
participants

Frail 
Participants

(N=7, 13.7%)a

Non-frail Participants
(N=44, 86.3%)a p valueb

Age, median, [IQR], y 73 [60-82] 60 [53-67] 0.022

Gender, n (%)

Female
Male

1 (14.3)
6 (85.7)

27 (61.4)
17 (38.6) 0.037

ASA

I
II
III
IV

0 (0.0)
3 (42.9)
3 (42.9)
1 (14.3)

2 (4.5)
24 (54.5)
18 (40.9)

0 (0.0)

0.218

CCI, median [IQR] 5 [2-6]  2 [1-4] 0.205

RCRI

0
1
2
3
4

3 (42.9)
2 (28.6)
1 (14.3)
0 (0.0)

1 (14.3)

10 (23.3)
26 (60.5)
5 (11.6)
2 (4.7)
0 (0.0)

0.132

Polypharmacy 4 (57.1) 15 (34.1) 0.402

Antihypertensive drugs

No
ACE inhibitor

ARB
Others

4 (57.1)
1 (14.3)
0 (0.0)

2 (28.6)

25 (56.8)
8 (18.2)
6 (13.6)
5 (11.4)

0.616

Surgical Risk

Intermediate
High

 6 (85.7)
1 (14.3)

34 (77.3)
10 (22.7) 1.000

Surgery length,
median [IQR] 311 [139-542] 220 [162-335] 0.417

Legend:
a 2 missing values
b Categorical data comparison analysis was made using Fisher’s exact test and continuous data 

comparison analysis was made using Mann-Whitney U test. P value for 2-sided significance.

IQR Interquartile Range; ASA American Society of Anesthesiology classification; CCI Charlson 

Comorbidity Index; RCRI Revised Cardiac Risk Index; ACE inhibitor  Angiotensin-converting Enzyme 

inhibitor; ARB Angiotensin Receptor Blockers.

Table 3. Intraoperative hypotension defined by Criteria A, B1 
and B2

Participants 
meeting

hypotension 
criteriaa

N (%)

Duration of
hypotensiona

Median
[Interquartile range], 

minutes

Surgery lengthª
Median

[Interquar tile 
range], minutes

Criteria A

Total of participants
11 (25.6%) 
2 (28.6%)
9 (25.7%)

0 [0-34]
0 [0-41]
0 [0-34]

356 [225-428]
547.5 [357-738]
350 [225-360]

Criteria B1

Total of participants
Frail participants

Non-frail participants

31 (72.1%)
7 (100%)

23 (65.7%)

14 [0-46]
24 [14-68]
11 [0-46]

269 [199-360]
311 [139-542]
269 [208-360]

Criteria B2

Total of participants
Frail participants

Non-frail participants

35 (81.4%)
6 (85.7%)

28 (80.0%)

18 [8-41]
28 [22-35]
14 [6-44]

259 [189-360]
334 [199-542]
258 [177-358]

Criteria A

Legend:
a 10 missing values

Table 4. Association between frailty and vasopressors and cumulative duration of intraoperative hypotension

Frailty state+ Frailty state*

Outcome Non-Frail Frail p-value Non-frail Frail p-value

Vasopressors 

OR (CI 95%) Reference 0.4 (0.1;2.2) 0.380 Reference 1.1 (0.1;8.4) 0.924

Cumulative duration 

Β (CI 95%) Reference 8.5 (-54.5;71.4) 0.688 Reference -15.0 (-87.1;57.1) 0.675

Legend:

CI = confidence interval, OR = odds ratio, β= beta coefficcient

+raw data analysis

*adjusted for age, sex
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DISCUSSION
It is recognized that frailty is associated with a progressive 
decline in different physiological systems, being viewed 
as a multidimensional condition because there is an 
interplay between physical and psychosocial factors in its 
development.20

Participants included in the study were mainly non-frail 
patients. In fact, only 13.7% of the 53 included patients were 
considered frail according to CFS ≥5, which is the cut-off 
most commonly used to describe frail people.19  The use of a 
lower cut-off (≥4) to the screen of frailty prior to anesthesia, as 
advocated by some researchers, or the use of a more objective 
screening tool could lead to different results.21

However, CFS is an easy, quick and practical tool to screen 
frailty in every preoperative evaluation context that has 
demonstrated predictive value of poor clinical outcomes and 
mortality in older people, not requiring prolonged training 
for its consistent application.19,22

Previous reports indicate that frailty is more common in older 
people, with prevalence increasing with age, and in female 
gender, even though it can occur among non-elderly patients 
mainly if there are associated comorbidities.1,23,24 In our 
study, median age was effectively higher in frail participants 
(p=0.022). Yet, despite the enrolled participants being mainly 
female (54.7%), frail patients were predominantly of male 
gender (85.7%, p=0.037), which is not in agreement with 
current literature.24

There are many recognized risk factors that can contribute 
to the development and progression of frailty. These 
comprise multiple domains, including socio-demographic, 
clinical, life-style-related and biological. In terms of clinical 
domain, two relevant risk factors include multimorbidity 
and polypharmacy, which were assessed in the present 
study.20 Nonetheless, even though a greater prevalence 
of comorbidities as well as a higher number of patients 
with polypharmacy was verified in frail participants 

when compared with non-frail, there was not a significant 
association between these factors and presence of frailty.
In respect to the relationship between frailty and 
intraoperative complications, including IOH, there are not 
many studies published. Though, Leopold George NTN 
et al showed that frailty is associated with an increased 
risk of intraoperative complications such as hypotension, 
desaturation, need for vasopressors or blood transfusion.25 In 
our study, there was not a statistically significant relationship 
between presence of frailty and the development as well 
as cumulative duration of IOH. The same was verified in 
relation to the use of vasopressors to treat hypotension even 
with adjustment for potential confounders. Still, all frail 
patients developed IOH when considering at least one of the 
criteria and criteria B1 was verified in 100% of frail patients 
in contrast with A and B2. The reduced sample of patients 
and the criteria used to define IOH may explain, in part, the 
lack of statistical evidence in the association of frailty and 
IOH. Actually, our results reinforce the need to establish a 
consensus definition of IOH once there is a wide range of 
criteria used in literature.12,26   
Regarding the postoperative period, an association between 
frailty and postoperative mortality was described in previous 
reports in different timings and types of surgery.27,28 In 
our study, frail patients presented a decreased survival 
at 30 days (96.2%) and frailty had a significant influence 
in overall survival in this period (p-value=<0.001). These 
findings support that association and endorse the increasing 
advocacy in literature to the routinely screening of frailty 
in the preoperative setting to identify frail patients, which 
have a decreased capacity to respond to the stress induced 
by the surgery. This early recognition of frailty can help to 
guide perioperative interventions directed at increasing the 
patient's physiological reserve and therefore improve their 
ability to cope with the stress of surgery and to minimize 
risks associated with these patients.29,30

One of the main limitations of this study was the small 
number of participants included. In fact, as mentioned above, 
this study was started shortly before COVID-19 was declared 
pandemic and subsequently conducted at a time when 
elective surgical activity was drastically reduced nationwide 
and selected patient’ characteristics could be different from 
usual. A greater sample would improve our results and their 
external validity.
In conclusion, our study did not show an association between 
presence of frailty and an increased risk to the development 
of IOH, so this may constitute a topic of an extended 
investigation in time. However, it clearly demonstrates that 
frailty, evaluated by CFS, is associated with a decreased 
survival at 30 days postoperatively. In the author’s view, it 
supports and outlights the routine use of CFS as a screening 
tool for frailty in perioperative care.

Figure 1. Kaplan-Meier survival analysis by frailty group; 
p=<0.001
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