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Introduction

Complications are a major cause of reduced quality of life, delayed
adjuvant therapy, extended hospital stay, and hence increased health-
care costs after surgery [1-11]. The type of complication varies widely
according to the surgical site and procedure, but matching surgical
procedures to their most common complications is possible. The Cla-
vien-Dindo-Classification (CDC) system is a tool for the grading of
complications outlined by Strasberg and Clavien in 1992 [12]. It was
modified and reintroduced in 2004 by Daniel Dindo and Pierre-Alain
Clavien to objectively assess, grade, and report surgical complications
[13]. The CDC system grades postoperative complications according to
the specific need for treatment on a scale from grade I to V. Grade I
describes Any deviation from the normal postoperative course without
the need for pharmacological treatment or surgical, endoscopic, and
radiological interventions. Allowed therapeutic regimens are: drugs
such as antiemetics, antipyretics, analgetics, diuretics, electrolytes, and
physiotherapy. This grade also includes wound infections opened at the
bedside. Grade II is applied if pharmacological treatment with drugs
other than such allowed for grade I complications is needed, including
Blood transfusions and total parenteral nutrition. Grade III is applied if
any surgical intervention is required with suffix “a” for all interventions
under local anaesthesia and suffix “b” for all operations under general
anaesthesia. Grade IV covers all life threatening complications re-
quiring intermediate care or intensive care management with suffix “a”
equalling a single organ dysfunction and suffix “b” for multiorgan
dysfunction. Grade V represents any lethal complication. If the patient
suffers from a complication at the time of discharge it is further
awarded the suffix “d”. Conditions unavoidable due to the nature of the
main surgical Intervention are named sequelae [13]. After its publica-
tion in 2004, the CDC has been widely adopted for the assessment of

individual surgical complications in general surgery and went on to be
adapted for transplant surgery [13,14]. In the years 2010 to 2012 it
came to be established in the field of urogenital surgery [15,16]. Since
then the CDC went on to other fields of surgery and was first applied in
head and neck reconstruction by Perisanidis et al. in 2012 and secondly
by Monteiro et al. in 2014 [17,18]. Among the CDC’s limitations is the
inconsistency in its use and that users often report only the most severe
complication since the overall burden of complications is too complex
to derive from the CDC [16]. Therefore in 2013, Slankamenac et al.
introduced the Comprehensive Complication Index® (CCI®) [19]. The
CCI® was the first tool to allow quantification of the overall burden of
postoperative complications by summarizing all postoperative compli-
cations with their respective severities on a numerical scale ranging
from 0 (no complication) to 100 (death). It is based on the operation
risk index, a mathematical tool to evaluate the general business climate
using the opinion of different professional groups involved. To translate
the calculation for surgical needs Slankamenac et al. had to gain ob-
jective ratings of complication related morbidity. This was done by
having common surgical complications rated by patients and health
care professionals in multiple centres. The estimated weight applied to
CDC classes I through IVb (wC1 + ...+wCx) is then entered into this

formula CCI® = YM™CL++ W) 4 calculate the continuous scale CCI®.
Any class V complication results in the CCI® being 100 (Death). Before
publication the CCI® calculation was validated externally by three
centres [19,20]. For general, abdominal, and transplant surgery, both
the CDC and CCI® have not only proven useful for the straightforward
assessment of postoperative complications but also for improving our
understanding and management of surgical complications.
Microvascular free tissue transfer to the head and neck region is a
well-established procedure with an often unfavourably long hospitali-
zation. General and specific complications vary according to surgical
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site and specific anatomy. Complications after microvascular head and
neck reconstruction have a significant impact on morbidity, length of
hospitalization and healthcare cost [2,21]. So far no standardized tool
for the documentation or classification of complications in head and
neck surgery exists. The studies performed have tended to be ob-
servational, for example recording rates of arterial or venous throm-
bosis, flap loss and mortality.

Therefore the aim of this study was to evaluate the applicability and
benefit of the CDC and CCI® for microvascular free tissue transfer to the
head and neck [13,19]. While the CDC has been sparingly used in
previous head and neck studies, the CCI® has not been introduced to our
field so far [13,17,18,22].

Methods
Study design

All patients who underwent vascularized, free tissue transfer to the
head and neck region at the University Hospital Zurich from December
2011 to December 2014 were retrospectively evaluated. Eligible pa-
tients were identified by the procedure code for microvascular free
tissue transfer in our hospital clinical information system (KISIM,
CISTEC AG, Hohlstrasse 283, CH-8004 Ziirich, Switzerland). We ad-
ditionally screened all patients receiving local flaps and non-micro-
vascular tissue transfer for accidentally-misidentified microvascular
flaps. We excluded a total of 3 patients: 1 due to insufficient data, since
the patient was preoperatively admitted to the University Children’s
Hospital Zurich and her paper file could not be obtained; and 2 because
they had previously undergone lung transplantation and underwent
surgery in an already critical state while on intensive care, rendering us
unable to distinguish between surgical complications, effects of the
immunosuppression, the transplantation, or the underlying illness of
the patients.

The patients’ files were assessed for the following data: age; sex; pre-
operative weight; American Society of Anaesthesiology (ASA) score;
presence of malignant/benign neoplasms; pre-operative radiotherapy,
chemotherapy, or both; iatrogenic or illness-related immunosuppres-
sion; pre-operative haemoglobin level; pre-operative sodium and po-
tassium levels; pre-operative antiresorptive medication; type of surgical
flap and patient side; length of hospital stay; length of intensive care
treatment; length of intermediate care treatment; and transfusions of
blood products [23]. Transfusions include any event during or after the
Operation up to the date of discharge and were further classified into
erythrocyte concentrates, thrombocyte concentrates and fresh frozen
plasma. Intensive care followed by intermediate care management or in
rare cases primary intermediate care management is obligatory for at
least 24 h postoperatively in our hospital due to the flap monitoring and
blood pressure requirements.

We primarily focused on the postoperative outcome and assessed
the following parameters: number of postoperative complications and
sequelae, grade of each complication according to the CDC system
[12,13], the CCI® [19], rate of partial flap necrosis and flap loss, re-
quirement and number of corrective operations, donor site defects and
subsequent operations, and post-operative in-hospital death. We dif-
ferentiated between partial flap necrosis (e.g. skin island necrosis of
limited extent or minor dehiscence at the flap border) and flap loss to
distinguish critical flap conditions requiring extensive revisional sur-
gery from those manageable with minor surgery under local anaes-
thesia or completely without long term consequences for the patient.

In order to document all post-operative complications, the elec-
tronic and paper patient files were manually searched, including the
documentation for intensive and intermediate care wards, as well as all
examination reports and laboratory results up to the patients’ dis-
charge. Any complication found was graded according to the CDC and
entered into the CCI® calculation using the assesssurgery.com CCI-
Calculator® [24]. Complications caused by partial flap necrosis, flap
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loss, and donor site morbidity were documented and evaluated sepa-
rately. Sequelae which cannot be avoided due to the nature of the op-
eration were not included into the calculation of the CCI®. By identi-
fying risk factors for possible complications, surgery might become
more predictable and countermeasures could be applied earlier.
Therefore, the generated data was to be used for further identification
of risk factors for overall post-operative morbidity, complications of
increased severity and partial flap necrosis or flap loss.

Statistical analysis

First, a descriptive analysis of the entire patient population was
performed. We expressed the distribution of variables using means and
standard deviation (SD) for normally distributed data, and medians and
interquartile ranges (IQR) for non-normally distributed data. We tested
the data for normality with the Kolmogorov-Smirnov test and per-
formed quantile-quantile plots of dependent variables.

A stepwise backward regression model was used to identify in-
dependent predictors of overall morbidity (represented by the CCI®),
severe complications (CDC grade IIIB or higher), and partial flap ne-
crosis or flap loss. In the multivariate linear and logistic regression
analysis we adjusted the results for possible confounders such as age,
sex, underlying malignant disease and type of flap.

All results were reported as point estimates, 95% confidence inter-
vals (CI), and p-values (p < 0.05 was considered significant). All sta-
tistical analyses were performed using STATA software (version 14,
Stata Corp., College Station, TX).

Results
Patient characteristics

A total of 129 patients were identified. The mean age was 63.7 years
(SD, 14.5) and the male-to-female ratio was 59.7-40.3%. The mean BMI
index was 23.9 (SD, 4.7). Most patients had an ASA score of 2 (58.1%)
or 3 (33.3%) compared to score 1 (7%) and score 4 (1.6%). In 84.5% of
patients, malignant disease was the indication for treatment. In 34.1%
neoadjuvant treatment had been undergone, with 19.4% having re-
ceived combined radio-chemotherapy, 9.3% radiotherapy and 5.4%
chemotherapy. No patient was under immunosuppression at the time of
surgery and only 2 patients (1.6%) had received antiresorptive medi-
cation earlier. Mean pre-operative haemoglobin, sodium, and po-
tassium were 130 g/1 (SD, 19), 139 mmol/1 (SD, 3) and 4 mmol/1 (SD,
0.4) respectively. A total of 33% of patients received transfusions of
blood products or erythrocyte concentrates. Only 1 patient additionally
received platelet concentrates (0.8%) and 2 (1.6%) fresh frozen plasma.

The microvascular flaps raised were: 56 radial forearm flaps, 33
fibula flaps, 15 anterior lateral thigh flaps, 7 scapula flaps, 4 lateral
upper arm flaps, 4 gracilis muscle flaps, 2 deep circumflex iliac artery
flaps, 2 latissimus dorsi flaps, 1 ulnar forearm flap, and in 5 cases
combinations of at least 1 bony flap and 1 other flap were used. A hard
tissue flap was used in 36.4% of patients and soft tissue flap in 63.6%.
Left-sided operations were performed in 63.6% of patients and right-
sided in 36.4%.

Outcome analysis

The median hospital stay was 16 days (IQR, 13-23), compared to a
median catalogue length of hospitalisation of 21.3 days (IQR 19.5-23.1)
calculated accordingly to the swiss cost bearers standards (SwissDRG
AG, Haslerstrasse 21, 3008 Berne, Switzerland). Intermediate care was
required in 76% of patients with a median length of 1 day (IQR, 1-2)
and intensive care in 93% with a median length of 2 days (IQR, 1-3). At
least 1 complication occurred in 98.5% of patients according to the
CDC. 104 different complications could be identified, including
common findings from anaemia (101 patients), hypervolemia (76
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patients), alterations in blood electrolyte levels (74 patients), hy-
pertension (19 patients) and nausea (8 patients) to bleedings of the
neck (12 patients) or the donor site (5 patients). 52 of the aforemen-
tioned complications could only be identified in 1 patient each, these
range from deep vein thrombosis to catheter infection or double vision.
The median number of complications per patient was 4 (25th-75th
percentile, 3-5). The highest complication grade was I in 26 patients
(20.2%), II in 37 (28.7%), Illa in 26 (20.2%), IIIb in 29 (22.5%), IVa in
6 (4.7%), and IVb in 2 (1.6%). There was 1 post-operative fatality
(0.8%, grade V). The most common complication (N = 107) was dys-
phagia, with a CDC grade of I in 89 cases. Since all cases were asso-
ciated with operations of the oral cavity and pharyngeal space, this
complication was considered as a sequela. The mean CCI® was 35.7
(25th-75th percentile, 24.2-45.6). Flap complications were noted in
18.6% of cases, partial flap necrosis in 8.5%, and total flap loss in 3.1%,
resulting in a need for corrective surgery in 21.7% of cases. In 17.8% of
patients, a donor site defect was documented, resulting in the need for
corrective surgery in 7.8%.

Risk analysis

A stepwise backward regression identified two risk factors for in-
creased overall morbidity following vascularized, free tissue transfer to
the head and neck region. Patients receiving transfusions of ery-
throcytes had a significantly increased overall morbidity according to
the CCI® [46.0 (SD, 18.2) vs. 29.2 (SD, 14.1); adjusted difference, 13.5;
95% CI, 7.0-20.0; p < 0.001) compared to patients that did not re-
ceive transfusions. Furthermore, patients with an ASA score > 2 had a
significantly higher CCI® [41.9 (SD, 21.0) vs. 31.0 (SD, 13.9); adjusted
difference 7.6; 95% CI, 1.0-14.2; p = 0.025].

In a second stepwise backward regression, predictive factors for
more severe complications (CDC score grade IlIb and higher) were
singled out. Patients receiving erythrocyte transfusions suffered from
more severe complications (46.5% vs. 20.9%; adjusted relative risk, 4.1,
95% CI, 1.5-10.9; p = 0.005), as well as those with an ASA score higher
than 2 (46.7% vs. 20.2%; adjusted relative risk, 3.2; 95% CI, 1.3-8.1;
p = 0.012) and those that underwent neoadjuvant radio-chemotherapy
(48% vs. 25%; adjusted relative risk, 3.3; 95% CI, 1.2-8.9; p = 0.021).

The stepwise backward regression model showed that patients with
a BMI = 25 had a higher rate of partial flap necrosis (26.8% vs. 12.3%;
adjusted relative risk, 3.1; 95% CI, 1.1-9.1; p = 0.038).

Discussion

We modified the definitions of the CDC to allow them to more
precisely reflect our specific field. Considering age, sex, ASA distribu-
tion, length of hospital stay and flap loss, the examined patients were
similar to previous studies exploring microvascular reconstruction
[25-31]. The CDC score has been proven to be valuable in assessing the
severity of surgical complications for procedures in thoracoabdominal,
gynaecological, urogenital and transplantation surgery [13-16,32,33].
Clavien et al. demonstrated that no specific modifications according to
the specific surgical field are needed and that ratings are mostly con-
sistent between investigators, surgeons, nurses and patients [14]. Yoon
et al. found that the CDC score was the most frequently used grading
system for scientific studies as well as clinical documentation in ur-
ological surgery, but is not usually integrated into the clinical workflow
in urology [15,16]. In our field of head and neck surgery, Monteiro
et al. tested the CDC score in hypothetical patients presented to 81
surgeons of differing training levels and found moderate to high inter-
observer reliability. They considered it to be a practicable tool for
complication assessment in the head and neck region while empha-
sizing the need for further adjustment to this field [18]. Perisanidis
et al. used the CDC score in 79 patients receiving jejunal free flaps for
oral cavity reconstruction and found more severe complications (65%
with a CDC grade IIIa and higher) than in our study [17]. The difference
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is most likely related to the neoadjuvant radio-chemotherapy that their
patients received since they also defined swallowing difficulties as se-
quelae and only considered clearly necessary tracheostomies as grade
IIIb complication [17]. As shown, the CDC score is a reliable tool in
grading individual complications and it prevents accidental down-
grading, even if applied to the head and neck region [17]. McMahon
et al. applied the CDC score to 192 patients receiving free tissue transfer
to the head and neck region. In their prospective cohort study, they
found 190 complications in 123 patients with 32% of patients suffering
from a grade Illa complication or higher [22]. These figures are slightly
lower than what we found in the current study, both in overall numbers
and grade distribution, but still comparable to major abdominal op-
erations. In their study, data generated after discharge while visiting
the outpatient department were included, while the list of complica-
tions excluded minor complications such as simple hypertension, oe-
dema or misbalanced lab results (e.g. anaemia and electrolyte dis-
orders) [22]. While using the CDC score to identify and grade
individual complications has been well established, drawing conclu-
sions on the overall well-being of the patient requires the CDC grades to
be summarized or simplified. Previous studies have tended to report the
total number of complications and their grades while implementing a
cut-off to define more severe complications, usually grade Illa or IIIb
[17,22]. Clavien et al. have warned of categorizing patients solely by
their highest CDC grade and using this tool to briefly describe the se-
verity of complication [14]. They argue that complications off all
grades impact the patient and even those of lower grades need to be
taken into account [14]. The CCI® prevents common CDC mistakes such
as presenting the single highest complication only. By summarizing all
surgical complications into one figure comparability between time
points and between cases becomes easier. Studies across different fields
have consistently reported that the CCI® is a highly reliable tool to
estimate and compare the patient’s burden of surgical complications
[11,19,34-36]. The aforementioned comparability further allows long
term monitoring of morbidity and surgical outcome. The CCI® could for
example be used to compare the morbidity after primary tumour re-
section and adjuvant therapy or simply to objectify the course of the
patient’s recovery. It also shows a strong correlation with the need for
prolonged hospitalization and intensive care. However, inter-observer
reliability still shows potential for improvement which is most likely
due to the range of CDC interpretations shown in previous head and
neck studies [17,18].

To clearly understand the similarities and differences between head
and neck and general surgery, we strictly applied the original CDC
definitions in close cooperation with the research team that created and
developed it. We were thus able to combine the insight of both the
CDC's developers and its first-line users. From our data, a strict appli-
cation is still useful in assessing surgical complications and maintaining
this practice in future studies can help avoid accidental down staging of
complications. On the other hand adapting the CDC grades to our
specific situation could help to identify the more severe complications
specific to our field, which result in an actual prolongation of hospi-
talization, persistent disability, and higher costs. In other words, an
adapted CDC would mean a more precise representation of the com-
plication. For example, the CDC ascribes a grade of Illa for minor
wound treatment, which in our field is traditionally performed in an
examination room and is more comparable to a grade I bedside wound
treatment. Therefore, common treatments with little or no influence on
the patients’ status, hospitalization, recovery or healthcare costs are
artificially exaggerated by the CDC and result in higher CCIs®.

The CCI® is a universal and easily reproducible tool to assess the
overall burden of all complications (graded using the CDC) on a single
patient. It has been well established in general surgery as a tool for
measuring the overall impact of surgical complications, as well as a
meter for regular post-operative quality of life assessments [11,35,36].
In radical gastric surgery, the CCI® has been shown to be more pre-
dictive of longer overall hospital stays than the CDC, while also
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generating data allowing to monitor a patient’s development or com-
pare surgeons via their cumulative sum of complications [35]. Our
patients showed a similar distribution of CDC grades and CCI® scores to
those found in larger general surgery procedures [11,35,36].

Nonetheless, in addition to naming head and neck specific sequelae
(e.g., dysphagia), further adjustments are recommended to appro-
priately apply the CDC to head and neck reconstruction. These adjust-
ments need to mainly address the grading of complications within the
CDC as well as standardizing the patient documentation and pre- as
well as post-operative checkups. Starting with the latter, only docu-
mented complications can be measured, meaning pre- and post-opera-
tive checkups should include regular blood tests, vital signs, weight
measurement and clinical examination. The results should be docu-
mented chronologically in one electronic patient file. By doing so,
postoperative changes can be distinguished from pre-existing condi-
tions and the risk of missing a complication is reduced, rendering the
results of the CCI® more comparable. The nature of microvascular flaps,
which in our specialty usually are easily accessible through the mouth
or even extra-orally, leads to a lower threshold for treatment of smaller
dehiscences, loosened sutures, or small fluid collections under local or
even no anaesthesia in the examination room. This results in a higher
rate of CDC grade III complications that would have otherwise not have
been addressed or graded at a lower level. To minimize this mismatch,
small procedures performed under local or no anaesthesia and in a
regular examination room could be lowered to grade I or II. Since many
postoperative procedures are performed in a similar bedside setting in
an examination room, grade I seems appropriate. Examples of such
procedures include simple wound rinsing and cleaning, seroma drai-
nage or a single suture. Yet since other procedures are closer to the
original definition of grade IIIa, but still have only a minor effect on the
patient, grade II seems appropriate. This would apply to superficial
abscess drainage that does not require further surgical treatment or
closure, major suturing, or superficial tissue removal such as a necro-
sectomy. In contrast, considering our CCI® distributions being com-
parable to other surgical fields any changes to the grading system
would have to be compared to the original CDC and CCI®.

Compared to previous studies regarding risk assessment, our study
showed no novel findings. Nevertheless, a significant difference in
overall morbidity was observed in patients who received erythrocyte
transfusion and the data strongly suggests the presence of more risk
factors. Erythrocyte transfusion also appears to be connected to an in-
crease in the relative risk of more severe complications and partial flap
necrosis. This has previously been described and erythrocyte transfu-
sions have also been linked to an increase in unplanned hospital
readmissions [37-39]. Higher ASA scores appear to be associated with
higher overall morbidity and an increased relative risk of more severe
complications. While this finding has been reported previously, it re-
mains controversial and requires further examination in a randomized,
prospective study [40-47]. In patients that had undergone pre-opera-
tive radio-chemotherapy the risk for more severe complications also
seems to be relatively elevated, in accordance with previous findings
[48-51]. Patients with a BMI of 25 or higher showed a higher relative
risk for partial flap necrosis, which had previously been shown for
patients undergoing breast reconstruction but has been largely ruled
out for other microvascular reconstructions [52] and thus also should
be investigated more thoroughly. In other studies the length of surgery
and ischemia time have been described as risk factors for complications
in microvascular free flaps and increased length of stay [39,53-59].
These factors could not be taken into account in this study due to a
change in the documentation regimen for both times during the period
examined. The length of stay reported in our study is longer than in
other reports [53,57]. This is mainly due to local circumstances pro-
viding cancer patients and especially patients undergoing micro-
vascular reconstruction with extensive stays on rehabilitation wards
requiring a direct transfer from the surgical ward. Waiting time for
admission into rehabilitation can be multiple weeks and the claim
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expires if the patient is discharged before admission into rehabilitation.
In the future, more studies into the association between the CCI®
and the length of hospital stay, in-hospital costs, re-admission rate, 30
to 90-day mortality, and overall survival are warranted. Such studies
will help elucidate the possible benefit of the assessment of post-
operative complications after head and neck surgery using the CCI®.

Conclusions

Our study presents the first application of the CCI® to head and neck
surgery as well as the first assessment of the overall burden of the post-
operative course. The CCI® is a valuable tool for assessing the overall
burden of surgical complications for head and neck microvascular re-
construction. However, with slight adjustments to the definitions of
CDC grades, we believe that it could be further refined and adapted to
this field. The considerably high rate of minor surgical procedures
performed due to complications is likely to draw a distorted picture of
surgical complications among our patients. A prognostic value for our
patients’ quality of life can also be assumed but is yet to be proven.
Therefore, adjustments to the CDC should be investigated in a pro-
spective study and compared to the existing system.
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