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Abstract: Background. The aim of this prospective cohort

study was to determine whether an immediate postoperative

period of deep sedation and artificial respiration in an intensive

care unit (ICU) leads to fewer complications and a reduced

failure rate of microvascular flaps compared with a situation in

which patients are allowed to breathe spontaneously without

sedation in a recovery room.

Methods. Each group comprised 50 patients. General

medical complications and flap donor and recipient site com-

plications were documented.

Results. Significantly, more patients had problems with

weaning from ventilation in the ICU group (p ¼ .022). More

cases of respiratory insufficiency (p ¼ .240) and pneumonia

(p ¼ .081) occurred in the ICU group compared with the re-

covery room group without statistically significant differences.

The number of flaps lost was comparable in both groups (p ¼
.646).

Conclusions. Admission to an ICU did not reduce compli-

cations after microvascular reconstruction and, therefore, has

only to be considered for selected cases. VVC 2009 Wiley

Periodicals, Inc. Head Neck 31: 1461–1469, 2009

Keywords: complication; free flap; intensive care unit;

microvascular reconstruction; recovery room

Microvascular reconstruction of defects caused
by tumor ablation is time consuming and results
in additional morbidity in the form of donor
sites and potential complications affecting the
flap. Although free tissue transfer with micro-
vascular anastomosis is a well-established
reconstructive technique, it has been stated that
it requires close postoperative monitoring.1

Undoubtedly, the immediate postoperative care
of patients after head and neck resections for
cancer and microvascular reconstruction is con-
cerned with the preservation of the airway,
blood pressure, and other vital signs.
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After microvascular surgery, the flap must be
monitored for anastomotic failure. To avoid pos-
sible mechanical strain to the transplanted tis-
sues caused by spontaneous movements, major
head and neck reconstructive surgery is often
followed by a period of postoperative deep seda-
tion (Richmond Agitation-Sedation Scale [RASS]
�4 or �5).2 Sedation can decrease the systemic
blood pressure and may lead to decreased flap
perfusion pressures increasing the risk of hypo-
perfusion and flap necrosis. The management of
such patients is complicated. As a consequence,
some centers routinely transfer their patients to
intensive care units where close attention can
be paid in the immediate postoperative period
before transfer to the ward.3

The disadvantages of routine use of intensive
care units include cancellation of an operation
because there is no intensive care unit bed
available, the expense of intensive care, and the
risk of contracting a nosocomial infection in the
intensive care unit.4 The average length of stay
in intensive care units varies considerably
according to different authors. Up to 11 days
have been reported in Table 1. However, it is
not specified in these studies how long deep
sedation and artificial respiration lasted.
Actually, to date, there are no prospective trials
available that compare complication rates and
flap survival rates after deep sedation and artifi-
cial respiration in the immediate postoperative
period and an immediate postoperative period
without deep sedation and artificial respiration.
Therefore, the aim of this prospective cohort
study was to find out if an immediate postopera-
tive period of deep sedation and artificial respi-

ration for 24 hours in an intensive care unit
leads to fewer complications and a reduced fail-
ure rate of microvascular flaps compared with a
situation in which the patients are allowed to
breathe spontaneously without sedation immedi-
ately after surgery in a recovery room.

PATIENTS AND METHODS

A prospective cohort study was carried out on
patients who received free flap reconstruction
for primary oral squamous cell carcinoma of the
mandible and/or tongue at the Department of
Oral and Maxillofacial Surgery, University of
Erlangen-Nuremberg, Germany, between January
2006 and July 2008. The microvascular recon-
structions were carried out by a single surgeon
(E.N.). The study was approved by the institu-
tional ethics committee. All patients gave their
informed consent to participation in the study.

After surgery, the first 50 patients were
transferred to the intensive care unit and the
second 50 patients to the recovery room. Respi-
ratory care followed a standardized pathway.
During the transfer to the intensive care unit,
the recovery room patients received pressure
controlled ventilation. In the intensive care
unit, patients were sedated with propofol (target
concentration 1–2.5 lg/mL) and remifentanil
(0.1–0.3 lg/kg/min) to allow spontaneous respi-
ration, which was supported with pressure sup-
port ventilation. After 24 hours of the induction
of general anesthesia, analgosedation was termi-
nated, and patients regained consciousness and
were extubated. If patients did not have preop-
erative pulmonary pathology (eg, COPD), no
routine nebulized treatment was applied. In the
recovery room, sedation with propofol was con-
tinued to allow pressure support ventilation
until patients met the criteria for extubation
(normothermia, no residual neuromuscular
blockade, paO2 >100 mm Hg with FiO2 ¼ 0.4).
Days in the intensive care unit and necessity of
readmission to the intensive care unit were
recorded.

Patients’ age, sex, and comorbidity level
according to the American Society of
Anesthesiology (ASA) status were documented.
Demographic data consisted of patient age, tu-
mor T and N classification, kind of resection
defect (bony, soft tissue, combined defect), and
history of previous irradiation or bony recon-
structive surgery.

Table 1. Review of the literature on the length of stay in

intensive care units for patients undergoing head and neck

tumor resection and microvascular reconstruction.

Authors

No.

of patients

Length of stay in

intensive care

unit, d � SD

Pohlenz et al, 20075 540 3.4*

Klug et al, 20066 455 10.3 � 10.2

Klug et al, 20057 303 11.0 � 9.6

McCrory et al, 20028 65 1.2 � 1.1

De Melo et al, 20019 110 2.1 � 4.7

Ryan and Hochman, 200010 97 3.0 � 1.2

Lydiatt et al, 200011 64 5.7 � 3.4

Godden et al, 19994 58 1*

Tsue et al, 199712 58 4.4 � 3.6

Abbreviation: SD, standard deviation.
Note: Studies performed on more than 50 patients were included.
*, standard deviation not specified.
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Patients whose ASA status exceeded III, who
had received radiation in the head and neck
region before surgery, or who had undergone
chemotherapy were excluded from the study. Re-
currence of oral squamous cell carcinoma, coro-
nary insufficiency, and advanced chronic
pulmonary disease requiring strict cardiopulmo-
nary monitoring also were exclusion criteria.

The 2 patient groups were matched for age,
sex, tumor T and N classification, ASA score,
and kind of microvascular reconstruction.
Between the pairs, a difference in age of 5 years
was accepted. For the N classification, N0 and
N>0 were distinguished.

In all cases, decision regarding the extent of
the tumor resection was based on clinical find-
ings associated with panoramic radiographs or
CT evaluation as well as macroscopic and micro-
scopic (incisional biopsies) evaluation by the
time of surgery. Region and extent of tumor
resection were documented.

Perioperative antibiotic prophylaxis was car-
ried out with 10 million IE penicillin intrave-
nously. Antibiotic administration was repeated
every 3.5 hours. In cases of intolerance of peni-
cillin, the patients received 600 mg clindamycin
intravenously.

When a segmental resection of the mandible
was necessary, reconstruction plates were con-
toured to the original mandible and used as
template for modeling the vascularized bone
graft. The cutaneous portion of the flaps was
used to restore intraoral lining.

All patients received a modified radical neck
dissection on the ipsilateral side including 5 lev-
els and a suprahyoidal neck dissection including
3 levels on the contralateral side.

Based on the resection defect, the microvas-
cular reconstruction was carried out either with
a radial forearm flap, a latissimus dorsi flap, or
a subscapular system flap. At the end of sur-
gery, in all patients, a tracheostomy was carried
out. Duration of surgery was determined as the
difference between the time entering the operat-
ing room and the time of exit.

Blood transfusions were carried out during
surgery when the hemoglobin value fell below 8
mg/dL. Blood products used either intraopera-
tively or during hospitalization, crystalloids and
colloids used intraoperatively, were recorded.
During the first 72 hours after surgery, the tar-
get systolic blood pressure was set at 100 mm
Hg. If necessary, a combination of low dose nor-
epinephrine (0.025–0.15 lg/kg/min) and dobut-

amine (0.5–5 lg/kg/min) was used to maintain
systolic arterial blood pressure above 100 mm
Hg. After surgery, all patients received antico-
agulation with daily single doses of low-molecu-
lar-weight heparin, which was administered
subcutaneously.

Outcome measures were complications that
occurred during 30 days after surgery. General
medical complications and complications that
were directly linked with flap donor and recipi-
ent sites were distinguished.

General medical complications were perioper-
ative death, paroxysmal atrial fibrillation, myo-
cardial infarction, cardiac arrest, renal failure,
peptic ulceration, pulmonary embolus, pneumo-
thorax, pneumomediastinum, chest infection,
respiratory insufficiency (blood oxygen satura-
tion below 90%), pneumonia, adult respiratory
distress syndrome (ARDS), sepsis, methicillin
resistant Staphylococcus aureus (MRSA) infec-
tion, acute alcohol withdrawal delirium, status
epilepticus, postoperative psychosis, and prob-
lems with weaning from ventilation.

Flap donor site complications were hemor-
rhage, hematoma, seroma, infection, wound
breakdown, and dehiscence.

Flap recipient site complications were total
flap necrosis, partial flap necrosis, venous con-
gestion, arterial insufficiency, hemorrhage,
hematoma, seroma, infection, wound break-
down, dehiscence, and fistula formation.

Flap monitoring was carried out by checking
for capillary return and bluish staining every 4
hours during the first 3 postoperative days to
exclude arterial and venous compromise. Sal-
vage surgery was carried out when arterial or
venous compromise of a flap was apparent.

All additional interventions that were neces-
sary to manage complications were documented.

Statistics. For statistical analysis, group means
and standard deviations were calculated for
each parameter using the SPSS software (ver-
sion 15, SPSS, Chicago). Data were compared
using the chi-square test or Mann-Whitney U
test for independent samples. A p value smaller
or equal to .05 was considered statistically
significant.

RESULTS

In both groups, 43 men and 7 women were
included. The mean age in the intensive care
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unit group was 62.8 � 9.7 years and 63.5 � 9.5
years (p ¼ .733). In all patients, R0 resections
could be performed. In each group, 17 patients
with T2 classification, 7 with T3 classification,
and 26 patients with T4 classification were
included (Table 2). The distribution of the micro-
vascular flaps is given in Table 3.

The average operation time lasted 8.8 � 2.1
hours for the intensive care unit group and 9.3
� 2.1 hours for the recovery room group (p ¼
.166). Catecholamines were give during surgery
to 15 patients in the intensive care unit group
and to 12 patients in the recovery room group
during surgery (p ¼ .068) (Table 4).

Tracheostomy caused no complications in
any of the patients during the observation
period.

During their stay in the intensive care unit
and the recovery room, respectively, 13 patients
received catecholamines during the first 24
hours in the intensive care unit, whereas 9
patients received catecholamines in the recovery
room group. After the first 24 hours, none of the
patients in the recovery room group received
catecholamines. In the intensive care unit
group, 4 patients received catecholamines longer
than 24 hours and up to 7 days after surgery
(Table 4).

All patients who were transferred to the
recovery room could leave it after 24 hours. In
the intensive care unit group, 34 patients could
leave the intensive care unit after 24 hours.
Five patients stayed for 48 hours, 5 for 72
hours, and 6 for more than 72 hours. The mean
length of stay on the intensive care unit was 3.5
� 10.9 days in this group, before they could be
transferred to the general ward (Table 4).

During the further observation period, 2
patients of the recovery room group, and 3
patients of the intensive care unit group were
readmitted to the intensive care unit (Table 4).
Reasons for the readmission were cardiac prob-
lems, respiratory insufficiency, pneumonia, and
sepsis.

During the follow-up period, complications
occurred in 23 patients of the intensive care
unit group and in 19 of the recovery room group
(p ¼ .418).

The general medical complications that were
observed during the observation period are
given in Table 5. More cases of respiratory
insufficiency (p ¼ .240) and pneumonia (p ¼
.081) occurred in the intensive care unit group
compared with the recovery room group. Signifi-
cantly, more patients had problems with wean-
ing from ventilation in the intensive care unit
group (p ¼ .022). In 1 patient in the intensive

Table 2. T and N classification in both the study groups.

No. of patients Tumor classification

11 T2N0

6 T2N>0

4 T3N0

3 T3N>0

18 T4N0

8 T4N>0

Table 3. Microvascular flaps used in both the study groups.

No. of patients Kind of microvascular flap

22 Radial forearm flap

17 Subscapular system flap

11 Latissimus dorsi flap

Table 4. Perioperative care of the patients.

Operation

time, h

(mean � SD;

range)

No. of

blood units

transfused

per patient,

mean � SD;

range

Administration of

catecholamines

intra- and

postoperatively

(no. of

patients

affected)

Length of stay

in the intensive

care unit, d

(mean � SD;

range)

Readmittance to

the intensive care

unit (no. of

patients

affected)

Recovery room group

(total no. of

patients ¼ 50)

9.3 � 2.1; 6.6–14.2 4.2 � 2.3; 0–11 9 0 2

Intensive care unit group

(total no. of

patients ¼ 50)

8.8 � 2.1; 6.6–13.9 4.4 � 2.6; 0–13 17 3.5 � 10.9; 1–76 3

p value .166 .768 .068 <.0005 .646
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care unit group, perioperative death occurred
because of rhabdomyolysis of unknown origin.

The complications of flap donor and recipient
sites are given in Tables 6 and 7. There were no
statistically significant differences between the
2 groups for hemorrhage, hematomas, insuffi-
ciency of arterial and venous anastomoses.

Salvage surgery had to be carried out
because of arterial or venous compromise of
flaps in 5 patients of the recovery room group
and 8 patients of the intensive care unit group.
Three flaps in the recovery room group and 5
flaps in the intensive care unit group could be
saved. However, partial flap necrosis occurred in
2 of the re-explored flaps in both of the groups.
There were no statistically significant differ-
ences for partial (p ¼ 1) and total flap necroses
(p ¼ .646) between the 2 groups. All flaps that
were lost were radial forearm flaps.

DISCUSSION

Free flap surgery helps meeting the oncological
principle of radicality, because resection limits
are not compromised by the uncertainty of
reconstruction.13 However, the surgical treat-
ment of head and neck cancer is often limited
by the risk of operative and postoperative com-
plications.14 Therefore, in some centers, patients
receiving head and neck tumor resections and
microvascular reconstructions are routinely
transferred to intensive care units after sur-
gery.3 There are guidelines from the British
Association of Head and Neck Oncologists that
state that there should be ‘‘onsite intensive care
und high dependency unit facilities’’ in centers
where head and neck cancer surgery is per-
formed.15 The reasons for this dependence on
intensive care units are not clear, but it seems

that issues such as lack of availability of experi-
enced nursing staff on a general ward play a
major role. A further aspect is that the access to
intensive care unit facilities has become easier
in recent years and, therefore, could be adopted
as a convenient option.

Potential disadvantages of the routine use of
intensive care units include increased cancella-
tion of operations because of lack of beds in the
intensive care and increased costs.4,16 Therefore,
it has been claimed in retrospective studies that
it is safe to nurse patients, who have received
head and neck cancer resection and microvascu-
lar reconstruction, outside the intensive care
unit, provided that this is done in an appropri-
ate environment and with adequately trained
nursing staff.4,13 By using the specialist head
and neck ward with its appropriately trained
staff and a regular specialist anesthesiologist, it
seemed to be possible to do major resections and
reconstructions on carefully selected patients
without the need for the intensive care unit. It
was concluded that this management strategy
was cost-effective and efficient without having
an adverse effect on care or violating estab-
lished guidelines.17,18

It seems that the current literature is not
conclusive concerning the question whether
patients undergoing head and neck tumor resec-
tion and microvascular reconstruction should be
monitored in an intensive care unit immediately
postoperatively or do not require a postoperative
regimen that is different of that of other
patients with head and neck cancer.

Therefore, it was the aim of this prospective
cohort study to determine whether an immedi-
ate postoperative period of deep sedation and ar-
tificial respiration in an intensive care unit for
24 hours leads to fewer complications and a
reduced failure rate of microvascular flaps

Table 6. Flap donor site complications.

Hemorrhage

(no. of

patients

affected)

Hematoma

(no. of

patients

affected)

Seroma

(no. of

patients

affected)

Infection

(no. of

patients

affected)

Wound

breakdown

(no. of

patients

affected)

Wound

dehiscence

(no. of

patients

affected)

Recovery room group

(total no. of

patients ¼ 50)

2 2 3 2 2 2

Intensive care unit group

(total no. of

patients ¼ 50)

0 0 4 2 2 2

p value .153 .153 .695 1 1 1

1466 ICU and Microvascular Reconstruction HEAD & NECK—DOI 10.1002/hed November 2009



compared with a situation in which the patients
are allowed to breathe spontaneously without
sedation immediately after surgery.

Independent of the question whether or not
patients should be transferred to an intensive
care unit, it is mandatory to secure the patients’
airway. Using temporary tracheostomy on a rou-
tine basis has proved to be an effective means.1,4

However, the value of routine tracheostomy has
been questioned as it has been said to carry an
appreciable morbidity.19–21 A complication rate
of up to 11% has been reported. The most
common complication was postoperative chest
infection in 8% of the cases. Even a pneumome-
diastinum has been described secondary to tra-
cheostomy.4 Complications have been found in
8% of the patients with a mean duration of
retention of 10 days.22 Despite the drawbacks of
tracheostomy, it guarantees an airway that can
be compromised after resections of the oral cav-
ity. In this study, no complications of tracheos-
tomy in both of the groups could be identified.
Tracheostomy seemed to be a safe technique.
Besides securing the airway, it provided access
for bronchial and pulmonary toilet and, there-
fore, was beneficial to the patients. Neither in
the intensive care unit nor in the recovery room
airway problems occurred.

It has been described previously that when
patients were monitored in an intensive care
unit without performing routine tracheostomy,
more than 50% of the patients did not require a
tracheostomy during an average stay in an
intensive care unit of 11 days.7 However, in 25%
of the patients, secondary tracheostomy was
necessary. It seems that this pronounced neces-
sity for secondary tracheostomy was 1 of the
reasons for the prolonged stay in the intensive
care unit. A rate of 25% of secondary tracheos-
tomy is not acceptable, when it is intended to
transfer patients to a general ward as soon as
possible. A large number of emergency situa-
tions would be the result. Therefore, because of
its low morbidity found in this study, it seems
acceptable to use primary tracheostomy on a
routine basis. It is a key point that allows avoid-
ing the intensive care unit.

The number of blood units transfused in this
study was not influenced by the kind of postop-
erative care. A transfusion trigger of 8 mg/dL
was chosen.23 Although the number of blood
units transfused seemed high, it was compara-
ble to what has been described in the literature
previously.11
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Among the numerous potential postoperative
complications, even death has been reported
after head and neck cancer surgery.4 Cardiac
arrest secondary to a myocardial infarction is 1
of the main reasons and a well-recognized com-
plication of any major operation. It was put into
question if nursing on an intensive care unit
raises the chances of survival of affected
patients.4 In this study, 1 patient who stayed in
the intensive care unit developed rhabdomyoly-
sis of unclear origin with fatal outcome. Obvi-
ously, the stay in the intensive care unit did not
help to avoid this problem.

Flap survival rates after microvascular sur-
gery between 87% and 98% have been reported
for patients who were not transferred to an
intensive care unit after surgery.1,4 This fact
suggests that, provided the technique has been
sound, the postoperative location of the patient
does not influence survival of flaps significantly.
The flap survival rates found in this study were
comparable to accepted rates published previ-
ously.24 They seemed not to be influenced by the
aspect if a patient had been admitted to the
intensive care unit or not.

It has been assumed that the avoidance of
composite reconstructions may contribute to the
high success rate.1 Previous studies reported
more complications when composite reconstruc-
tions were compared with fasciocutaneous
flaps.25 In this study, the overall flap survival
rate was 94% for patients in the intensive care
unit group and 96% for the group that was
transferred to the recovery room breathing
spontaneously. Most often, the scapular system
flap was used in both of the groups. Failures of
this kind of flap did not occur. It seems that
using an intensive care unit does not have an
influence on flap survival, which was in a nor-
mal range even for composite flaps when
patients only had access to the recovery room.

One of the more frequent complications is
the development of postoperative pulmonary
insufficiency and pneumonia.14 In this study,
pneumonia was found more often in the patients
who were admitted to the intensive care unit.
However, the difference compared with the re-
covery room group was not statistically
significant.

The range of general complications found in
this study is representative of that which may
be encountered in any group of patients having
major operations.1 During the study period, 54%
of the patients in the intensive care unit group

and 62% in the recovery room group recovered
without complications. These rates are compara-
ble to previous studies.1

An MRSA infection rate in both of the groups
was less than described previously.26 It had
been reported that 45% of patients undergoing
operations for head and neck cancer became
colonized by MRSA. The low rate of MRSA
infection in this study can be explained by the
improved hygiene standards on modern inten-
sive care units.

An additional important aspect should not be
ignored. The choice of the postoperative location
significantly affects the cost of treatment. It has
been shown previously that using an intensive
care unit leads to fivefold increased cost.1 More-
over, when cancellation of operations is avoided
because there is no longer a dependence on a
bed in the intensive care unit, this is a benefit
to the hospital because resources are not
wasted.

CONCLUSION

Admission to an intensive care unit immediately
postoperatively did not reduce complications af-
ter head and neck tumor resection and microvas-
cular reconstruction in this study. Compared to a
group of patients nursed in a recovery room,
more cases of pneumonia were found in the in-
tensive care unit group during the postoperative
course. However, the difference was not statisti-
cally significant. When tracheostomy is used on a
routine basis, it seems safe to monitor patients
after major head and neck tumor resection and
microvascular reconstruction in a recovery room
without reducing the flap survival rate. In addi-
tion, the cost-benefit ratio is improved by not
using the intensive care unit.

REFERENCES

1. McVeigh KP, Moore R, James G, Hall T, Barnard N.
Advantages of not using the intensive care unit after
operations for oropharyngeal cancer: an audit at Worces-
ter Royal Hospital. Br J Oral Maxillofac Surg
2007;45:648–651.

2. Nunes S, Berg L, Raittinen LP, et al. Deep sedation
with dexmedetomidine in a porcine model does not
compromise the viability of free microvascular flap as
depicted by microdialysis and tissue oxygen tension.
Anesth Analg 2007;105:666–672.

3. Murray A, Dempster J. BAHNO surgical specialities:
same patients, different practices? J Laryngol Otol
2005;119:97–101.

4. Godden DR, Patel M, Baldwin A, Woodwards RT. Need
for intensive care after operations for head and neck

1468 ICU and Microvascular Reconstruction HEAD & NECK—DOI 10.1002/hed November 2009



cancer surgery. Br J Oral Maxillofac Surg 1999;37:
502–505.

5. Pohlenz P, Blessmann M, Blake F, Li L, Schmelzle R,
Heiland M. Outcome and complications of 540 microvas-
cular free flaps: the Hamburg experience. Clin Oral
Investig 2007;11:89–92.

6. Klug C, Berzaczy D, Reinbacher H, et al. Influence of
previous radiotherapy on free tissue transfer in the head
and neck region: evaluation of 455 cases. Laryngoscope
2006;116:1162–1167.

7. Klug C, Berzaczy D, Voracek M, et al. Experience with
microvascular free flaps in preoperatively irradiated tis-
sue of the oral cavity and oropharynx in 303 patients.
Oral Oncol 2005;41:738–746.

8. McCrory AL, Magnuson JS. Free tissue transfer versus
pedicled flap in head and neck reconstruction. Laryngo-
scope 2002;112:2161–2165.

9. De Melo GM, Ribeiro KC, Kowalski LP, Deheinzelin D.
Risk factors for postoperative complications in oral can-
cer and their prognostic implications. Arch Otolaryngol
Head Neck Surg 2001;127:828–833.

10. Ryan MW, Hochman M. Length of stay after free flap
reconstruction of the head and neck. Laryngoscope 2000;
110(2 Pt 1):210–216.

11. Lydiatt DD, Hollins RR, Friedman A, Lydiatt CA. The
team concept in mandibular reconstruction after ablative
oncologic surgery. J Oral Maxillofac Surg 2000;58:607–
610.

12. Tsue TT, Desyatnikova SS, Deleyiannis FW, et al. Com-
parison of cost and function in reconstruction of the pos-
terior oral cavity and oropharynx. Free vs pedicled soft
tissue transfer. Arch Otolaryngol Head Neck Surg
1997;123:731–737.

13. To EW, Tsang WM, Lai EC, Chu MC. Retrospective study
on the need of intensive care unit admission after major
head and neck surgery. ANZ J Surg 2002;72:11–14.

14. Weber RS, Hankins P, Rosenbaum B, Raad I. Nonwound
infections following head and neck oncologic surgery.
Laryngoscope 1993;103(1 Pt 1):22–27.

15. British Association of Head and Neck Oncologists. Provi-
sion and quality assurance for head and neck cancer

care in the United Kingdom. A Nationally co-ordinated
multidisciplinary approach.Crawley: Sherlock Printing;
W Sussex 1998, Section VI; 21.

16. O’Connell NH, Humphreys H. Intensive care unit design
and environmental factors in the acquisition of infection.
J Hosp Infect 2000;45:255–262.

17. Manual for Cancer Services. Head and neck specific
measures, 2007; Available at www.dh.gov.uk/en/Policy-
andGuidance/HealthAndSocialCareTopics/Cancer/DH_
4135590.

18. National Institute for Clinical Excellence. Improving out-
comes in head and neck cancers, Section 2.London:Royal
Society of Medicine Press; 2004, p 52.

19. Castling B, Telfer M, Avery BS. Complications of trache-
ostomy in major head and neck cancer surgery; a retro-
spective study of 60 consecutive cases. Br J Oral
Maxillofac Surg 1994;32:3–5.

20. Crosher R, Baldie C, Mitchell R. Selective use of trache-
ostomy in surgery for head and neck cancer: an audit.
Br J Oral Maxillofac Surg 1997;35:43–45.

21. Morton RP, Mellow CG, Dorman EB. Chest infection fol-
lowing head and neck surgery: a pilot study. Clin Otolar-
yngol Allied Sci 1990;15:363–366.

22. Halfpenny W, McGurk M. Analysis of tracheostomy-asso-
ciated morbidity after operations for head and neck can-
cer. Br J Oral Maxillofac Surg 2000;38:509–512.
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