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Abstract

Purpose To validate tools to identify patients at risk for perioperative complications to implement prehabilitation pro-
grammes in head and neck surgery (H&N).

Methods Retrospective cohort including 128 patients submitted to H&N, with postoperative Intermediate Care Unit admit-
tance. The accuracy of the risk calculators ASA, P-POSSUM, ACS-NSQIP and ARISCAT to predict postoperative com-
plications and mortality was assessed. A multivariable analysis was subsequently performed to create a new risk prediction
model for serious postoperative complications in our institution.

Results Our 30-day morbidity and mortality were 45.3% and 0.8%, respectively. The ACS-NSQIP failed to predict complica-
tions and had an acceptable discrimination ability for predicting death. The discrimination ability of ARISCAT for predicting
respiratory complications was acceptable. ASA and P-POSSUM were poor predictors for mortality and morbidity. Our new
prediction model included ACS-NSQIP and ARISCAT (area under the curve 0.750, 95% confidence intervals: 0.63-0.87).
Conclusion Despite the insufficient value of these risk calculators when analysed individually, we designed a risk tool com-
bining them which better predicts the risk of serious complications.
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Introduction

Major surgery implies significant homeostatic disturbance
to the patient and it is well established that patients who
experience postoperative complications within 30 days of
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article (https://doi.org/10.1007/s00405-020-06133-1) contains thermore, even in the absence of complications there is a
supplementary material, which is available to authorized users.

P4 Ana Sousa Menezes 6 Cancer Epidemiology Group, IPO Porto Research Center

ana4644 @gmail.com; ana.menezes @hb.min-saude.pt (CI-IPOP), Portuguese Institute of Oncology of Porto FG
(IPO-Porto), Porto, Portugal

Department of Otorhinolaryngology-Head and Neck 7

Surgery, Hospital De Braga, Sete Fontes - Sdo Victor,

4710-243 Braga, Portugal

Department of Otorhinolaryngology-Head and Neck Surgery,
Portuguese Institute of Oncology of Porto FG (IPO-Porto),
Porto, Portugal

Polyvalent Intensive Care Unit, Hospital Garcia de Orta, 8

E.PE, Almada, Portugal Experimental Pathology and Therapeutics Group

of Portuguese, Institute of Oncology of Porto FG, EPE
Department of Epidemiology, Portuguese Institute (IPO-Porto), Porto, Portugal

of Oncology of Porto FG (IPO-Porto), Porto, Portugal Surgical Oncology Department, Portuguese Institute

Surgical Intermediate Care Unit, Portuguese Institute of Oncology of Porto FG (IPO-Porto), Porto, Portugal
of Oncology of Porto FG (IPO-Porto), Porto, Portugal

E Department of Public Health Unit, ACES Porto Ocidental,
Porto, Portugal

@ Springer


http://orcid.org/0000-0001-5099-3811
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-020-06133-1&domain=pdf
https://doi.org/10.1007/s00405-020-06133-1

192

European Archives of Oto-Rhino-Laryngology (2021) 278:191-202

20-40% reduction in postoperative physical function and
a significant deterioration in the quality of life after major
surgery [1, 3].

It has long been accepted that individuals who have
limited pre-operative physical fitness have higher rates of
morbidity and mortality during their hospital stay [4, 5].
On the other hand, individuals who have better preopera-
tive physical fitness experience less postoperative pain and
have better physical functional status postoperatively [6]. For
this reason, there has been a growing interest in the concept
of prehabilitation which is defined as a multidimensional
programme that aims to optimize physical functionality
preoperatively to achieve a quicker recovery of functional
status in the postoperative period [7]. Prehabilitation has
a patient-centered strategy, focused on optimizing patient
eligibility for surgery and improving surgical outcomes [7].
Some authors state that prehabilitation is analogous to mara-
thon training [1]. In fact, they both require training. Similar
to marathon training, prehabilitation programmes acknowl-
edge the multidimensional aspects of preoperative prepara-
tion to include nutritional, psychological, and behavioural
interventions in addition to exercise [1].

Various scoring systems have been developed to estimate
the risk of perioperative morbidity and mortality and these
might be valuable in the selection of patients for prehabilita-
tion before surgery. This is particularly important in the head
and neck oncology discipline where complications such as
fistula development can result in the significantly extended
length of stay and decreased quality of life [8].

The American Society of Anesthesiologists physical sta-
tus (ASA) is perhaps the best known and widely used grad-
ing system for preoperative health of the surgical patients
[9]. It relies on a subjective assessment of a patient’s overall
health that is based on six classes, with ASA I being a nor-
mal healthy patient, and ASA VI a brain-dead patient [9]
(Appendix A).

Another scoring system is the Physiological and Opera-
tive Severity Score for the enumeration of Mortality and
morbidity (POSSUM) which was initially developed by
Copeland et al. and later adjusted in 1998, into Portsmouth-
POSSUM (P-POSSUM) [10, 11]. It aimed to provide both
retrospective and prospective analysis of the risk of mortal-
ity and morbidity of surgical patients within 30 days after
surgery and to facilitate surgical audit and comparison of
the performance of individual units. The P-POSSUM score
includes 18 parameters divided into two components; 12
physiological and 6 operative factors, to make a minimum
score of 18 and a maximum score of 136 and then converted
to a percentage with a logistic regression [10, 11] (Appendix
B).

More recently, the American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) developed an universal surgical risk calculator
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based on preoperative risk and postoperative morbidity and
mortality [12, 13]. This risk calculator is an open-access
online tool that accepts the input of 21 comorbidity and
demographic-related, patient-specific variables, in conjunc-
tion with a surgery-specific Current Procedure Terminology
code, to predict patients’ risk of 12 postoperative outcomes
within 30 days after surgery (Appendix C).

Likewise, the acknowledgment that postoperative pulmo-
nary complications can contribute significantly to overall
perioperative morbidity and mortality, motivated the devel-
opment of The Assess Respiratory Risk in Surgical Patients
in Catalonia (ARISCAT) risk scale [14]. The ARISCAT
score predicts the overall incidence of postoperative pul-
monary complications, by assigning a weighted point score
to four patient-related factors and three surgical procedure-
related factors [14] (Appendix D). It finally categorizes risk
as follows: Low risk (0-25points), Intermediate risk (26—44
points) and High risk (45-123 points).

Over the years, the aforementioned risk tools have been
studied in head and neck surgery with conflicting results.
Therefore, we have evaluated these surgical risk calculators
comparing several predicted outcomes with the observed
outcomes in our population, to develop a model to estimate
the degree of risk and afterwards implement prehabilitation
programmes in our institution.

Material and methods

The medical records of all patients submitted to head and
neck major surgery with Intermediate Care Units IMCU)
admittance for postoperative care, in a tertiary care hospital,
from January 2016 to December 2017, were retrospectively
reviewed. An additional cohort of patients admitted in 2018,
was included for validation purposes of our risk model.

The admittance to the IMCU was due to the complex-
ity of the surgical procedure and/or due to comorbidities
of patients.

The following surgical risk calculators were used: P-POS-
SUM, ACS-NSQIP, ASA and ARISCAT, to predict the risk
of postoperative outcomes [9—12, 14]. In this study, on-line
calculator tools were used to obtain P-POSSUM scores
(www.riskprediction.org.uk) and ACS-NSQIP scores (www.
riskcalculator.facs.org) [13, 15]. Clinical information was
manually entered into the study database. For the ACS-
NSQIP risk calculator, the most relevant Current Proce-
dural Terminology (CPT) codes were selected based on the
type, extent, and attributes of the procedure. When multiple
procedures were performed that could not be captured by a
single code, the principal CPT code, after consultation with
the surgeon, that represented the most clinically complex
procedure among all procedures done during that operation,
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was chosen. To maintain consistency, “Surgeon Adjustment
of Risk” was not altered.

The occurrence of postoperative complications within
30 days was registered. The severity of complications was
evaluated using Clavien-Dindo (none/minor if inferior or
equal to grade 2 and major if equal or superior to grade
3) and ACS-NSQIP (“any complications’” or “serious com-
plications’”) classifications [12, 16, 17]. The ACS-NSQIP
defines “serious complications’’ as the presence of any of
the following: cardiac arrest, myocardial infarction, pneu-
monia, renal insufficiency and failure, pulmonary embolism,
deep venous thrombosis, return to the operating room (OR),
deep incisional surgical site infections, organ space surgi-
cal site infections, systemic sepsis, unplanned intubation,
urinary tract infection, and wound disruption. “Any com-
plication’” was defined as superficial incisional surgical site
infections, stroke, or ventilator support>48 h or any of the
aforementioned serious complications [12]. In cases with
multiple complications, the case was assigned a grade cor-
responding to the highest graded complication according to
Clavien-Dindo and ACS-NSQIP classifications.

The hospital length of stay (LOS) and mortality (at 1 and
12-months after surgery) were also evaluated. Despite the
fact that the risk instruments included in this study were
designed to predict 1-month mortality, only one patient died
in the first month after surgery in our sample. Therefore, the
analysis of the 1-month mortality was not feasible. Although
not the most recommended, we decided to analyse the 1-year
mortality using the same risk tools.

The body mass index, a variable included in the ACS-
NSQIP score, was also included and analysed individually
in this study.

The study was approved by the Institutional Review
Board and the Ethics Committee of the hospital. The proto-
cols conformed to the ethical guidelines of the World Medi-
cal Association Declaration of Helsinki (version 2002).

Statistical analysis

Continuous variables are presented as mean =+ standard
deviation and categorical variables as frequencies and
percentages.

Chi-squared or Fisher’s exact tests were used to evaluate
the association between two categorical variables, namely,
the occurrence of postoperative complications (within
30 days after surgery) or death (within 30 days and 1 year
after surgery) with different categories of ASA score and
ARISCAT.

Comparisons between groups were performed, using
independent samples t-tests (or Mann—Whitney) and
ANOVA (or Kruskal Wallis) tests for continuous vari-
ables as appropriate. P-POSSUM and ACS-NSQIP scores
were compared between patients with the occurrence of

postoperative complications within 30 days. Body mass
index, P-POSSUM and ACS-NSQIP scores were compared
between patients with the occurrence of death within 1-year
after surgery.

Survival analysis after surgery of patients with different
ASA categories was performed using the Kaplan—-Meier
methodology.

The ability of the risk tools P-POSSUM, ACS-NSQIP
and ARISCAT for predicting post-operative complications
and death was assessed using Receiver Operating Char-
acteristic (ROC) curves and estimating the area under the
curve (AUC). The discrimination ability of each score was
considered acceptable for 0.7 < AUC < 0.9 and excellent
for AUC >0.9 [18]. The 95% confidence intervals (CI) are
reported.

Binary logistic regression analysis was performed to eval-
uate the association of each risk score with the occurrence
of major complications (Clavien-Dindo classification > 3
and Serious complication according to ACS-NSQIP score).
An univariable model was first built for each score. Then
a multivariable model was built using a stepwise variable
selection algorithm which retained in the final model only
the significant variables. The prediction ability of the final
panel of variables was also evaluated using ROC curves and
the corresponding AUC.

Significance was settled for p <0.05.

Statistical analysis was performed using the SPSS soft-
ware, version 22.

Results
Demographic and clinical characterization

There were 128 patients submitted to surgery in the first
period of study. Of these, 106 (82.8%) were male and 22
(17.2%) were female. The mean (standard deviation) age
of patients was 62.6 + 10.1 years (min—-max 41-91 years).

The mean LOS, in days, was 2.1 +2.2 (min—max
1-18 days) in the IMCU and globally in the Institution was
22.0+19.1 (min—max 2—113 days).

Most patients were admitted for elective surgery (93%,
n=119). Six patients needed unplanned Intensive Care Unit
Admission (4.7%, n==6).

Most patients were independent (84.4%, n=108) or par-
tially dependent (9.4%, n=12) with only eight patients being
totally dependent (6.3%) for the activities of daily living.

Around 23% of our patients presented Diabetes Mellitus
(n=29). The majority of these (n=26) was under oral medi-
cation and only three patients were performing insulin treat-
ment. Almost 60% (n="76) presented hypertension requiring
medication and 21% (n=27) had a history of congestive
heart failure 30 days prior to surgery. Over 40% (n=153)
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were active smokers in the previous year and 28.1% (n=36)
had severe chronic obstructive pulmonary disease history.
Around 30% (n=40) presented dyspnea within 30 days of
surgery. None had a history of dialysis or systemic sepsis
within 48 h prior to the procedure.

The most common procedures which required admit-
tance in the IMCU in our series were laryngectomy (16.4%),
glossectomy with surgical excision of the floor of mouth
(13.3%), COMMANDO operation (7.8%) and pharyngolar-
yngectomy (6.3%). The surgical procedures of our sample
are summarized in Table 1.

Fifty-eight patients experienced one or more postop-
erative complication within 30 days after surgery (45.3%)
(Fig. 1). The most common postoperative complication was
surgical infection (31.0%; n=18), followed by respiratory
infection or insufficiency (25.9%, n = 14). Respiratory insuf-
ficiency was defined as postoperative PaO, < 60 mmHg and/
or PaCO, > 50 mmHg. When we analyse the complications,
according to Clavien-Dindo classification, most patients
presented grade II (i.e., requires pharmacological treatment,
28.1%), grade IIIb (i.e., requires surgical treatment under
general anesthesia, 6.3%) and IVa (i.e., life Threatening
complication-single organ dysfunction, 3.9%). Globally, the
incidence of major postoperative complications according
to Clavien-Dindo Classification (grade equal or superior to
grade IIT) was 14.8% (n=19). Twenty-two patients (17.2%)
presented a serious complication according to the ACS-
NSQIP classification.

Thirty-nine patients died during the study period: one
died in the first month after surgery (overall mortality at
1-month of 0.8%) and 29 patients died in the first year
(22.7%).

We analysed the effect of the nutritional status in the
1-year mortality. Patients with death in the first year after
surgery had a significantly lower mean body mass index
(22.9+3.9 Kg/m?) than patients who survived (25.3+4.9
Kg/m?) (p=0.006).

Five patients (3.9%) had prior chemoradiation, six
patients (4.7%) had a history of radiotherapy only and seven
patients (5.5%) had a history of chemotherapy only. There
was no association between history of prior chemo and/or
radiotherapy and the occurrence of postoperative complica-
tions (p>0.05). On the other hand, prior radiotherapy was
associated with 1-year mortality (y*=6.22; p= 0.010).

The cohort of patients subsequently added to the original
sample for validation purposes consisted of 45 patients and
was similar to the training cohort considering major demo-
graphic and clinical characteristics.

ASA physical status

Most of the patients were ASA 2 (50.8%) and 3 (47.7%),
with only two patients being ASA 4 (1.6%). Of the 58
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patients who presented postoperative complications, 25 were
ASA 2,31 were ASA 3 and 2 were ASA 4. Of the 18 patients
presenting major complications according to the Clavien-
Dindo classification (grade > 3), the majority were ASA 3
(n=13/61%). No significant association between ASA score
and the occurrence of complications was found (p=0.111).

A higher ASA score was positively associated with 1-year
mortality (p =0.005). In fact, in the first year after surgery,
16.2% of the ASA two patients, 34.4% of the ASA three
patients and 100% of the ASA four patients, died.

P-POSSUM

The overall P-POSSUM predicted morbidity rate was
47.93 (+£23.93)% and the predicted mortality rate was 6.42
(+11.36)%. This means that the P-POSSUM scoring system
predicted that 61 patients would develop postoperative com-
plications (47.9%), comparing with the 58 (45.3%) patients
who did effectively had complications and that eight patients
were expected to die (6.42%), but only one patient did effec-
tively died in the first month after surgery (0.8%).

The physiological and operative severity scores were
compared between patients with and without death 1-year
after surgery, and no significant differences between groups
were observed (p=0.100 and p=0.253, respectively)
(Table 2). Also, there were no differences between these
groups considering the predicted mortality rate (p=0.116).

The predicted morbidity rate was significantly higher in
patients who died in the first year after surgery (p =0.049)
(Table 2). P-POSSUM mortality discrimination ability was
only reasonable according to the analysis of ROC curves
(AUC 0.60; 95% CI 0.49-0.71).

The physiological and operative severity scores were
compared among patients with and without complications
after surgery, and no differences between groups were
observed (p=0.499 and p=0.698, respectively) (Table 2).
In addition, there were no differences between these groups
considering the predicted morbidity rate (p=0.675).
P-POSSUM discrimination ability for serious complications
according to ACS-NSQIP classification and major compli-
cations according to Clavien-Dindo classification was only
reasonable (AUC 0.63; 95% CI 0.48-0.77 and AUC 0.69;
95% CI 0.58-0.81, respectively).

ACS-NSQIP

Patients who developed complications in the postoperative
period presented a higher predicted ACS-NSQIP risk of
complications pre-operatively, specifically the risk of severe
complication (p=0.001), any complication (p <0.001), risk
of surgical site infection (p =0.030), risk of pneumonia
(»p=0.170) and risk of cardiac complications (p =0.040)
(Table 3).
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Table 1 Head and Neck procedures with Intermediate Care Unit admittance

Most common procedures with ICU admittance n Relative Fre- Associated procedures

quency (%)
Laryngectomy 21 16.4 Neck dissection 16
Partial 7 Reconstruction (pedicled flap) 1
Total 14 Thyroidectomy 2

Pharyngolaryngectomy 8 6.3 Neck dissection 7
Reconstruction (pedicled flap) 2
Thyroidectomy 1

Glossectomy with surgical excision of floor of mouth 17 13.3 Mandibulectomy 10
Neck dissection 15
Reconstruction (pedicled flap) 7
Reconstruction (free flap) 2
Tracheostomy 10

Glossectomy 15 11.7 Reconstruction (pedicled flap) 4
Reconstruction (free flap) 1
Tracheostomy 1
Neck dissection 6
Pharyngectomy 1

COMMANDO operation 10 7.8 Reconstruction (pedicled flap) 7
Tracheostomy 2

Mandibulectomy 12 9.4 Reconstruction 9
Tracheostomy 3
Neck dissection 2
Surgical excision of floor of mouth 1

Partial pharyngectomy 11 8.6 Neck dissection 10
Tracheostomy and glossectomy 1

Maxilectomy 7 5.5 Neck dissection 1
Reconstruction (pedicled flap) 1
Orbital exenteration 1
Orbital enucleation 1
Pharyngectomy and glossectomy 1

Total parotidectomy 1 0.8 Reconstruction (pedicled flap) 1

Endoscopic resection of malignant sinonasal tumours 2 1.6

Excision of malignancy from the lip with reconstruction 5 39 Neck dissection 1

Revision of hemostasis from the surgical wound 3 2.3

Suspension microlaryngoscopy with biopsy 6 4.7 Neck dissection 1

Total tiroidectomy 1 0.8 Neck dissection 1

Partial rhinectomy 1 0.8 Neck dissection and Reconstruction

with local flap

Neck dissection 4 3.1 Reconstruction (pedicled flap) 1

Tracheostomy 1 0.8

Deep neck abscess drainage 1 0.8

Trans-oral epiglotectomy 1 0.8

Removal of osteosynthesis material from the mandible 1 0.8

ACS-NSQIP did not show discrimination ability for pre-
dicting surgical site infection (AUC 0.47; 95% CI 0.29-0.65)
and pneumonia (AUC 0.59; 95% CI 0.40-0.78) and had a
reasonable accuracy for cardiac complications in our sample

(AUC 0.65; 95% CI 0.48-0.82).

The mean predicted ACS-NSQIP risk of death was sig-
nificantly higher in patients who died (4.58 +8.12 versus
1.13+1.93, p=0.020). The ACS-NSQIP discrimination
ability for predicting the risk of death in the postoperative
period was acceptable (AUC 0.74; 95% CI 0.65-0.84).
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Fig. 1 Postoperative complica-
tions in patients submitted to
Head and Neck surgery with
Intermediate Care Unit admit-
tance (n =58 patients)

Cardiorespiratory arrest
Acute pulmonary edema
Convulsive Episode
Thoracic duct fistula

Sepsis

Vascular Cerebral Accident
Hidro-electrolytical inbalance
Pharyngocutaneous fistula
Hemorrhage

Cardiac arrhythmia

Surgical wound dehiscence
Respiratory infection/Insufficiency

a1 (1.7%)
e 1(1.7%)
e 117%)
hd 2(35%)
I 2(3.5%)
ot 3(5.2%)
b 3(5.2%)
e 3(5.2%)
e 4(7.0%)

i 9(15.5%)

4 12 (20.7%)
4 15 (25.9%)

|
l
l

1
l
I
I
5

Surgical Wound infection 18 (31.0%)
0 10 15 20
Absolute Number
Table2 Comparison of P-POSSUM predicted risk Physiologi- Operative % mortality % morbidity
P-POSSUM scores among cal Score  severity P-POSSUM P-POSSUM
patients considering mortality P-P score
and morbidity parameters
Death 1 -year after surgery No(n=94) 20.5+6.0 129+3.1 52+87 45.4+23.1
Yes (n=34) 232+83 13.6%x35 99+164  54.8+252
p value 0.100 0.253 0.116 0.049
30-day post-operative complications No (n=70) 20.9+6.5 13.0+£29 54+75 47.1+23.7
Yes (n=58) 21.7+7.1 132+3.6 7.6+147  489+243
p value 0.499 0.698 0.296 0.675
Table 3 Comparison of ACS-NSQIP predicted risks among patients with the occurrence of complications and death
ACS-NSQIP Postoperative Complication p value AUC (CI)
predicted risks No (n=70) Yes (n=58)
Severe Complication 17.3+10.6 243+11.6 <0.001 0.69 (0.58-0.81)
Any Complication 19.0+12.3 27.6+12.3 <0.001 0.59 (0.48-0.70)
Surgical Site Infection 58+59 8.2+6.2 0.025 0.47 (0.29-0.65)
Pneumonia 37+34 5.3+4.0 0.170 0.59 (0.40-0.78)
Cardiac complications 0.7+£0.8 1.5+19 0.040 0.65 (0.48-0.82)
Death 1-year after surgery p value AUC (CI)
No (n=94) Yes (n=34)
Risk of death 1.13+1.93 4.58+8.12 0.020 0.74 (0.65-0.84)
ARISCAT score than patients without (15.1 +9.9) this complication

The mean ARISCAT score in our sample was 16.2+10.3,
ranging from O to 39. Therefore, there were no patients in
the preoperative high-risk category (score > 45).

Patients who developed pulmonary complications had
significantly higher (24.1 +9.7) preoperative ARISCAT
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(»p=0.001).

In 41 patients with intermediate preoperative ARISCAT
score, 12 (29.3%) developed pulmonary complications
(Table 4). Patients with low-risk scores had lower rates of
pulmonary complications (4.6%) than those in the interme-
diate-risk group (29.3%), with statistically significant differ-
ences (p=0.001) (Table 4).
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Table 4 Comparison of ARISCAT predicted risk scores among
patients with the occurrence of respiratory complications and death
after surgery

Outcome ARISCAT predicted p value
risk
Low risk Inter-
(<26 points) mediate
risk
(2644
points)
Respiratory Compli- Yes (n=16) 4 12 0.001
cation No (n=112) 83 29
Death 1-year after Yes (n=34) 22 12 0.905
surgery No (n=94) 65 29

Table 5 Estimated Odds Ratio of Serious Complications (ACS classi-
fication) using uni- and multivariable binary logistic regression mod-
els

Variable Univariable OR (95% Multivariable OR (95%
CDh Ch
ARISCAT 1.07 (1.02-1.12) 1.06 (1.01-1.11)

ACS 1.05 (1.02-1.09) 1.05 (1.01-1.09)
P-POSSUM 1.00 (0.88-1.13) -
ASA 2 1

3 2.01(0.87-4.62) -

The discrimination ability of ARISCAT score for predict-
ing respiratory complications was acceptable (AUC 0.75;
95% C10.61-0.88).

ARISCAT score was not associated with death 1-year
after surgery (p =0.905), nor were there differences of the
ARISCAT score between the individuals with and without
death after surgery (p =0.905). (Table 4).

Multivariable analysis

A binary logistic regression model was built to predict the
occurrence of major complications within 30 days after sur-
gery (according to ACS-NSQIP classification), considering
as potential independent variables the risk tools: P-POS-
SUM, ACS-NSQIP, ASA and ARISCAT.

Only ACS-NSQIP and ARISCAT were found statisti-
cally significant in the multivariable model and have been
included in the final model (Table 5). The occurrence of seri-
ous complications increases significantly with ACS-NSQIP
score and ARISCAT score (OR=1.05;95% CI 1.01-1.10
and OR=1.08; 95% CI 1.02-1.15, respectively). The AUC
obtained with this model for the training set (patients admit-
ted in the period 2016-2017) was 0.75 (95% CI 0.63-0.87)
(Fig. 2a). A cut-off between low and high risk was chosen
to maximize sensitivity with an acceptable specificity. For

the chosen cut-off a sensitivity of 81.8% and a specificity of
54.8% were obtained for the training set.

Given the small sample size of the original training set,
we decided to append an additional dataset of 45 patients
admitted in 2018, that was subsequently included for valida-
tion purposes to have a larger sample and to refit the model.
A sensitivity of 82.8% and a specificity of 52.8% were
obtained. The results are presented in Fig. 2b and Table 5.

No significant model was obtained considering the clas-
sification of Clavien-Dindo and the risk tools P-POSSUM,
ACS-NSQIP, ASA and ARISCAT.

Discussion

Accurate estimates of postoperative complication risks are
undoubtedly important to patients, caregivers, and clini-
cians. To our knowledge, this is the first study performing
a comprehensive analysis of the four most important risk
scores in the surgical community, ASA, P-POSSUM, ACS-
NSQIP and ARISCAT in head and neck procedures. We
have studied the theoretically considered high-risk patients,
by including patients admitted in the IMCU for postopera-
tive care due to anesthetic or surgical risk. Given the ques-
tionable value of the risk scores individually evaluated in
this study, we performed a multivariate analysis combin-
ing them and designed a new risk tool for our institution
which better predicts the risk of serious complications in
our patients.

The topic of surgical complications and mortality is a
relatively delicate and difficult to report subject. However,
our crude 30-day morbidity and mortality were broadly con-
sistent with those in other published reports, at 45.3% and
less than 1%, respectively [19-21]. Globally, the incidence
of major postoperative complications according to the Cla-
vien-Dindo classification (grade equal or superior to grade
3) was 14.8% (n=19) which is also in line with other reports
[19, 20].

The ASA classification was established in the 1940s and
has since undergone multiple revisions [22]. Today, the
ASA classification is universally recorded for any surgi-
cal case performed under anesthesia. While not intended
to predict risk, increasing ASA class has been associated
with increased perioperative morbidity and mortality [9, 22,
23]. It is also included in other surgical risk calculators, as
ACS-NSQIP [12]. In our sample, the ASA score was not
associated with the occurrence of complications (p =0.111).
However, the association between the ASA score and post-
operative complications has been reported in the literature
in many surgical specialties, including Otorhinolaryngol-
ogy. Hackett and colleagues confirmed the potential of ASA
score for risk stratification not only for medical complica-
tions but also for mortality after surgery. The same study
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reported that patients with greater ASA classes developed
substantially higher rates of postoperative medical complica-
tions and mortality when compared to patients in lower ASA
classes [22]. In our study, a higher ASA score was positively
associated with 1-year mortality (p =0.005) and a lower sur-
vival time was observed in patients with higher ASA grades.
In spite of the ASA classification being simple and widely
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AUC:

ACS-NSQIP: 0.70 (0.58-0.81)
ARISCAT: 0.72 (0.60-0.85)
Logistic Model: 0.75 (0.63-0.87)

0.4 0.6 0.8 1.0
1-Specificity
ACS-NSQIP ARISCAT Logistic Model
AUC:
ACS-NSQIP: 0.66 (0.56-0.77)
ARISCAT: 0.68 (0.58-0.79)
Logistic Model: 0.71 (0.61-0.81)
0.4 0.6 0.8 1.0
1-Specificity
ACS-NSQIP ARISCAT Logistic model

understood, a great variability between assessments has
been reported as it relies on a subjective evaluation [24].
Also, it does not describe individual patient risk and can-
not, therefore, account for a surgical procedure, preopera-
tive optimization or individual differences in postoperative
care setting [24, 25]. Nevertheless, the ASA classification
system is a simple, valid metric for determining the risk
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of complications and mortality, being extremely useful for
clinical communication between colleagues. However, we
agree that for more detailed case analysis, for auditing, risk
management and funding allocation purposes, ASA clas-
sification is insufficient [24].

The P-POSSUM system has been recommended as an
accurate method in evaluating surgical outcomes and allow-
ing direct comparisons, despite distinct patterns of refer-
ral and populations. It has the advantage of being simple
and including variables that are easy to collect. It considers
the physiological condition of the patient at admission and
the severity of the surgical procedure to predict the rates
of morbidity and mortality. It has been already evaluated
in head and neck surgery with controversial results. In our
study, P-POSSUM discrimination ability for mortality and
morbidity was only reasonable according to the analysis of
ROC curves. Also, there were no differences between groups
with and without complications within 30 days after surgery
or death until 1-year after surgery considering the physi-
ological and operative severity scores and also considering
the predicted morbidity and mortality rates, respectively. In
our sample, P-POSSUM overpredicted 30-day mortality, as
a total of eight deaths were predicted but only one occurred.
Other authors reported that P-POSSUM overpredicted the
occurrence of death and had no relevance in predicting mor-
tality in a population undergoing head and neck surgery [20,
26]. However, the analysis of mortality in our study is lim-
ited by the small number of patients who died in a relatively
reduced sample. Also, P-POSSUM slightly overpredicted
morbidity, as a total of 61 patients were predicted to develop
postoperative complications (47.9% morbidity rate) but
only 58 effectively did (45.3%). Other colleagues reported
divergent results in head and neck surgery for P-POSSUM.
Ribeiro and Kowalski used the original POSSUM score to
predict complications in 530 patients having orofacial sur-
gery for cancer [21]. The findings in this study mirror those
of Griffiths et al. who, in a similar population, reported that
POSSUM under-predicted morbidity in the low to moderate
risk categories [21, 26]. More recently, Tighe audited 360
operations in 245 patients submitted to orofacial surgery for
cancer and concluded that P-POSSUM under-predicted mor-
bidity in the low-risk groups and over-predicted mortality in
all risk groups [20]. Unfortunately, in our study, P-POSSUM
has revealed itself not suited to predict outcomes in head and
neck surgery. Indeed, the variables that comprise the P-POS-
SUM scoring system were designed for a general surgical
population, and variables like “peritoneal soiling” and the
“Glasgow Coma Scale” are probably not relevant to head and
neck surgery. Remarkably, poor nutritional status is another
factor shown to be significantly associated with postopera-
tive mortality in our sample. Considering the similar results
of other studies in the head and neck cancer population,
we consider that the inclusion of the variable “nutritional

status” in the P-POSSUM score should be equated [26, 27].
Griffiths et al. also suggested that radiotherapy and previous
surgery were both significant for the development of post-
operative complications and were worthy of inclusion in the
original Possum score for head and neck surgery [26]. In our
sample, previous radiotherapy was not associated with the
occurrence of postoperative complications, possibly due to
our small sample size. On the other hand, prior radiotherapy
was associated with 1-year mortality.

Considering the ACS-NSQIP calculator in our patients,
one may conclude that it had an insufficient accuracy for
predicting complications. In spite of the existence of signifi-
cant differences for the ACS-NSQIP predicted risks between
groups with and without specific complications, the discrim-
ination ability for predicting the most common complica-
tions (surgical site infection, pneumonia and cardiac compli-
cations) is nearly reasonable or worse. Regarding mortality,
although ACS-NSQIP was not designed to predict 1-year
mortality, it showed an acceptable discrimination ability for
predicting the risk of death in the postoperative period in
our sample. Also, the predicted ACS-NSQIP risk of death
was significantly higher in patients who died (p =0.020).
There have been studies previously showing that the ACS-
NSQIP database may not adequately predict postoperative
complications in complex surgical procedures. Prasad et al.
concluded, in a cohort of 98 patients, that ACS-NSQIP risk
calculator was a poor predictor of perioperative complica-
tions following major head and neck operations [28]. Other
two recent studies pertaining to microvascular head and
neck reconstruction showed poor prediction performance
of ACS-NSQIP [29, 30]. In addition, Schneider et al. have
added total laryngectomy to the list of complex procedures
for which the NSQIP risk calculator may not be as accu-
rate in predicting postoperative adverse events [31]. More
recently, Vosler et al. evaluated 131 patients and reported
efficacy of ACS-NSQIP surgical calculator for predicting
postoperative complications in head and neck oncology sur-
geries that do not require microvascular reconstruction [8].
The same authors suggest that this surgical calculator can
be improved by the inclusion of several factors important
for risk stratification in head and neck oncology, namely,
the performance of free flap reconstruction. Furthermore,
other study concluded that ACS-NSQIP calculator may be
insufficiently calibrated to accurately predict postoperative
complication risk for patients previously exposed to chemo-
radiation undergoing salvage laryngectomy [32]. The same
authors, advised caution when estimating postoperative risk
among patients undergoing salvage procedures, especially
those of older age, poorer functional status, and those requir-
ing neck dissection [32]. There is increasing recognition of
the importance of a specialty-specific ACS-NSQIP and were
many the studies proving that this scale is currently inad-
equate for head and neck surgery. Indeed, efforts to develop

@ Springer



200

European Archives of Oto-Rhino-Laryngology (2021) 278:191-202

disease- and procedure-specific preoperative, intraoperative,
and postoperative variables specific to head and neck surgery
have been undertaken [8, 32]. We agree with other authors
who state that an essential first step in mitigating the inac-
curacy of ACS-NSQIP for head and neck procedures, is the
combination of CPT codes [28]. In fact, many of the opera-
tions performed included multiple high-risk procedures done
concurrently, and the final CPT code attributed was not truly
representative of the actual complexity of each surgery.

Our study demonstrated that the ARISCAT score was
a reliable risk calculator for predicting postoperative res-
piratory complications. Other studies had conflicting results
regarding the value of ARISCAT scale in head and neck
patients. Wood et al. observed poor predictive performance
of ARISCAT in a cohort of 794 patients admitted for major
head and neck surgery at their institution [33]. These dis-
crepancies in the literature concerning the accuracy of ARI-
SCAT scale in head and neck patients might be explained by
a number of factors. First, the ARISCAT score was validated
in a large surgical population in which a very reduced frac-
tion were head and neck surgeries. In addition, the variable
“surgical site” is not as important for major head and neck
surgery as it is for other surgical specialities where chest
wall and diaphragm manipulation might occur and signifi-
cantly contribute to the risk of postoperative pulmonary
complications. Furthermore, the distortion of the upper air-
way, the frequent use of tracheostomy or surgical resections
that might alter the upper aerodigestive anatomy and imply
the potential risk for aspiration are unique features in this
subgroup of patients [33]. Nevertheless, we consider that
ARISCAT score might useful to stratify risk when advising
patients before surgery and, to identify patients most likely
to benefit from risk-reduction interventions.

We managed to design a new risk tool for our institution
which better predicts the risk of serious complications in
our patients. It should be emphasized that apparently mod-
est predictive values for the risk scores and for our regres-
sion model that would not be acceptable in diagnostic tests,
where accuracy is essential, may still be very helpful in
prognostic models, which are used in preoperative visits
to predict a complication risk higher than average. There-
fore, these results allow us to define our model as a tool
with moderate to good clinical utility to estimate the risk of
complications. Our next goal is to implement prehabilitation
programmes, including its four dimensions, in our high-risk
patients undergoing major head and neck surgery.

There are several limitations to this study worthy of
discussion. First, it is a retrospective study with a low
population number from a single institution. Secondly, we
have used general surgical risk calculators which are not
yet adapted to head and neck procedures. Other important
limitation to mention is that our final model was devel-
oped from the compilation of other risk models already
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existent which results in a high number of variables to be
collected and computed. Nevertheless, we have a created
a validated risk tool adapted to our population which suc-
cessfully selects high-risk patients who may require addi-
tional care to preempt complications or to resolve them
after they occur.

Further research is needed to understand whether addi-
tional patient attributes should be supplemented in the
calculator to improve its predictive value.

Despite all that has been said, and recognizing the
valuable benefits of the risk tools we have analysed, risk
prediction models cannot take into account subtleties in
patients, their diseases or the technical difficulties of every
single operation, the individual performance of the sur-
geon and the fulfilment of good care standards of every
institution. Therefore, whenever necessary, clinical judg-
ment should override any predicted outcome of any risk
scales.
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Appendices

Appendix A- The American Society
of Anesthesiologists physical status

ASA1
ASAII

Normal healthy patient

Patients with mild systemic
disease
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ASA III

ASA IV

ASAV

ASA VI

Patients with severe systemic
disease

Patients with severe systemic
disease that is a constant threat
to life

Moribund patients who are not
expected to survive without the
operation

A declared brain-dead patient

whose organs are being removed
for donor purposes

Appendix B- P-POSSUM SCORE

Physiologic score

Operative score

Age (Years)

Cardiac signs

Respiratory history
Systolic blood pressure (mm Hg)
Pulse (beats/min)

Glasgow coma score
Haemoglobin g/dL)

White cell count (x 10 12 /L
Urea (mg/dL)

Sodium (mmol/L)
Potassium (mmol/L)
Electrocardiogram

Operative severity Score
Multiple procedures
Total blood loss
Peritoneal soiling
Presence of malignancy
Mode of surgery

Appendix C- ACS NSQIP risk calculator

Preoperative patient and surgical
inputs

NSQIP risk outcomes

Age group

Sex

Functional status

Emergency case

ASA class

Wound class contamination
Steroid use for chronic condition

Ascites within 30 days prior to
surgery

Systemic sepsis within 48 h prior
to surgery

Ventilator dependent
Disseminated cancer
Diabetes

Hypertension requiring medica-
tion

Serious complication

Any complication
Pneumonia

Cardiac complication
Surgical site infection
Urinary tract Infection
Venous thromboembolism

Renal failure
Readmission

Return to OR

Death

Discharge to nursing or Rehab
facility

Predicted length of hospital stay

Preoperative patient and surgical

NSQIP risk outcomes

inputs

Congestive heart failure in

30 days prior to surgery

Dyspnea

Current smoker within 1 year
History of severe COPD
Dialysis

Acute renal failure

Body mass index calculation

(weight and height)

Appendix D—The seven ariscat risk predictors

~N O BN~

. Age (year) (<50; 51-80,> 80 year)

. Preoperative Spo2 (>96, 91-95%, <90%)

. Respiratory infection in the last month

. Preoperative anemia (Hb <10 g/dl)

. Surgical incision (Peripheral; upper abdominal, intrathoracic)
. Duration of surgery (h)

. Emergency procedure
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