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Objective: To characterize medical and nonmedical reasons for delayed discharge on a general thoracic
surgery unit. Design: A prospective observational cohort study. Setting: A university-affiliated tertiary
care institution. Patients: Between February 1999 and July 2000, the in-hospital progress of 130 pa-
tients who had undergone an elective thoracic surgical procedure was evaluated prospectively. Baseline
characteristics (age, sex, comorbid conditions and pulmonary function test results) were documented.
Main outcome measures: Complications that delayed the time when the patient was medically ready
for discharge. The day the patient was deemed fit for discharge (medically required length of stay) was
compared with the actual day of discharge (actual length of stay). Results: The 3 most frequent compli-
cations that prevented discharge by postoperative day 6 were persistent air leaks, pulmonary infections
and atrial fibrillation. The presence of a persistent air leak increased the medically required length of stay
by a mean of 13.1 days (95% confidence interval [CI] 11.0–15.2 d), pneumonia by 9.6 days (95% CI
4.96–14.2 d) and atrial fibrillation by 2.4 days (95% CI –2.6 to 7.4 d). The mean medically required
length of stay was 6.9 days, and this differed from the mean day on which the patient was actually dis-
charged (7.35 d, p < 0.01), which contributed 44 excess days of hospitalization per 100 patients. The 2
most common causes of this discrepancy were the lack of home support (10.2% of patients) and the un-
availability of convalescent facilities (7.1% of patients). Prolonged hospital stay for nonmedical reasons
was associated with increased mean age (67.4 v. 60.7 yr, p = 0.05). Conclusions: Length of hospitaliza-
tion after elective thoracic surgery may be prolonged for medical or nonmedical reasons. Although 
complications like persistent air leak and pneumonia have an impact on medically required length of
stay, social factors may also significantly delay discharge.

Objectif : Décrire les motifs médicaux et non médicaux du report des déshospitalisations dans un service
de chirurgie thoracique générale. Conception : Étude de cohortes prospective par observation. Contexte
: Établissement de soins tertiaires affilié à une université. Patients : Entre février 1999 et juillet 2000, les
progrès de 130 patients hospitalisés ayant subi une chirurgie thoracique élective ont été évalués de façon
prospective. Les caractéristiques de base (âge, sexe, comorbidité et résultats des tests fonctionnels respira-
toires) ont été consignées. Principales mesures de résultats : Les complications ayant retardé le moment
où le patient était prêt, du point de vue médical, à sortir de l’hôpital. La date à laquelle le patient a été
considéré en état de sortir de l’hôpital (durée du séjour médicalement nécessaire) comparée à la date ef-
fective de la déshospitalisation (véritable durée du séjour). Résultats : Au sixième jour de la période
postopératoire, les trois complications ayant empêché le plus fréquemment la sortie d’hôpital étaient les
fuites d’air persistantes, les infections pulmonaires et la fibrillation auriculaire. En moyenne, la fuite d’air
persistante a allongé le séjour médicalement nécessaire de 13,1 jours (intervalle de confiance [IC] à 95 %,
11,0-15,2 j), la pneumonie l’a allongé de 9,6 jours (IC à 95 %, 4,96-14,2 j), et la fibrillation auriculaire,
de 2,4 jours (IC à 95 %, 2,6 à 7,4 j). La durée moyenne du séjour médicalement nécessaire s’établissait à
6,9 jours et différait de la période moyenne écoulée avant que les patients soient effectivement déshospi-
talisés (7,35 j, p < 0,01), qui représentait 44 jours d’hospitalisation en trop pour 100 patients. Les deux
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Thoracic surgery is a major com-
ponent of surgical services in a

general hospital. In an attempt to
evaluate the quality of the Thoracic
Surgery Service at the Royal Victoria
Hospital, Montreal, a tertiary care
hospital, we previously reviewed the
charts of all 925 patients who under-
went surgery on this service between
1986 and 1996. We also reviewed
the senior residents’ morbidity and
mortality reports submitted with
each rotation, and the general death
registry for the hospital. We were
thus confident that we had captured
every death occurring in our institu-
tion after thoracic operations. For
that period the death rate was 2.9%
for all patients without exclusion:
highest for pneumonectomy (5.5%)
and lowest for lobectomy (0.5%).
However, in contrast to mortality 
reporting, we discovered a lack of
consistency and accuracy in record-
ing morbidity. There was a great 
discrepancy between the charts and
the residents’ records. This defi-
ciency limited our understanding of
the factors that contribute to a delay
in discharge, thereby preventing the
introduction of corrective measures
to increase efficiency. In order to 
accurately describe reasons for a 
prolonged length of hospital stay and
to develop a consistent method for
reporting complications, we prospec-
tively documented the progress of all
thoracic surgery patients over 1.5
years, highlighting medical and social
reasons that contributed to their
need to remain in hospital.

Methods

Between February 1999 and July
2000, we prospectively evaluated the
in-hospital progress of 130 consecu-
tive patients who underwent a tho-

racic surgery procedure at our hospi-
tal. To more accurately characterize
the complications specific to a general
thoracic surgery ward, we excluded
those who had outpatient operations
and those who were off-service and
therefore not cared for primarily by
the operating team. This left a cohort
of 98 patients. All operations and 
follow-up visits were performed by
the same surgeon (J.E.M.). Patient
baseline characteristics were docu-
mented on a specific case report
form. These included age, sex, co-
morbid conditions and pulmonary
function test results. The type of op-
eration and the pathologic diagnosis
were also documented. The forms
had a line specific for each postopera-
tive day on which the surgeon docu-
mented any complication and as-
sessed whether the patient was
medically ready for discharge. The
day the patient was deemed fit for
discharge (medically required length

of stay) was compared with the actual
day of discharge (actual length of
stay). The social or medical factors
that prevented patients from being
discharged were carefully recorded.
Statistical analysis was performed us-
ing SPSS package. Results are reported
as medians and ranges unless other-
wise stated. Outcomes were compared
using the Mann–Whitney U-test.
Probability values less than 0.05 were
considered significant.

Results

Patient characteristics at baseline
are described in Table 1 and the 
various conditions for which patients
required hospital admission in Table
2. The most common reason for a
surgical admission was resection for a
primary lung neoplasm in 75 patients
(76%). Other common causes in-
cluded lung infection and pulmonary
metastases.

The median length of hospital
stay was 6 days (range from 1–29 d),
with 57 (58%) patients being dis-
charged in 6 days or less. We there-

causes les plus courantes de cet écart étaient l’absence de soutien à domicile (10,2 % des patients) et la
non-disponibilité des établissements de convalescence (7,1 % des patients). On a établi un lien entre le
prolongement de l’hospitalisation pour des motifs non médicaux et l’âge moyen plus élevé (67,4 c. 60,7
ans, p = 0,05). Conclusions : Suite à une chirurgie thoracique élective, l’hospitalisation peut être pro-
longée pour des motifs médicaux ou non médicaux. Même si les complications, comme une fuite d’air
persistante et la pneumonie, ont une incidence sur la durée du séjour médicalement nécessaire, des fac-
teurs sociaux peuvent aussi retarder considérablement la déshospitalisation.

Table 1
Baseline Characteristics of 98
Patients Who Underwent Thoracic
Surgery Between February 1999
and July 2000
Characteristic Value

Age, yr
  Mean 61.9

  Range 17–86

Sex, no. (and %)
  Male 53 (54)

  Female 45 (46)

Smoking status, no. (and %)
  Smokers 39 (40)

  Nonsmokers 59 (60)

Preoperative pulmonary
function tests
  FEV1, L
    Mean 2.2

    Range 0.58–4.53

  DLCO, %
    Mean 69

    Range 14–104
FEV

1
 = forced expiratory volume in the first second, DLCO

= diffusing capacity of the lung for carbon monoxide.

Table 2
Indications for Admission to
Hospital of 98 Patients Who
Underwent Thoracic Surgery
Between February 1999 and July
2000
Indication No.

Neoplastic
  Squamous cell carcinoma 19

  Adenocarcinoma 19

  Bronchoalveolar carcinoma 11

  Pulmonary metastases 10

  Benign tumours and others 16

Infective
  Aspergilloma   3

  Empyema, histoplasmosis   5

Other indications
  Blebs   5

  Other 10



fore used a stay longer than 6 days to
define prolonged hospitalization.
The 3 most frequent complications
that prevented patients from going
home on postoperative day 6 were
persistent air leaks requiring chest
tube drainage (n = 12, 12.3%), noso-
comial pulmonary infections (n = 6,
6.1%), and atrial fibrillation (n = 5,
5.1%) (Table 3). These conditions
each had a significant impact on the
time required for the patient to be
medically fit for discharge using uni-
variate analysis (Table 4). A persis-
tent air leak increased the hospital
stay by 13.1 days (95% confidence
interval [CI] 11.0–15.2 d). Similarly,
pneumonia increased the length of
stay for medical reasons by 9.6 days
(95% CI 4.96–14.2 d) whereas atrial
fibrillation increased length of stay
for medical reasons by only 2.4 days
(95% CI –2.6 to 7.4 d) (Table 4).

The mean medically required
length of stay was 6.9 days and dif-
fered from the actual length of stay
(7.35 days, p = 0.01), contributing
44 excess days of hospitalization per
100 patients (Table 5). The 2 most
common causes of this discrepancy
were the lack of home support (10
patients) and the unavailability of
convalescent facilities (7 patients).
Prolonged hospital stay for nonmed-
ical reasons was associated with in-
creased mean age (67.4 v. 60.7 yr, p
= 0.05). There was a strong positive
correlation between age and overall
length of stay (β = 0.1, p = 0.008,
univariate linear regression). Factors

that may predict those patients who
are at risk for having a social factor
that would prevent discharge include
age over 75 years, female gender, a
cancer diagnosis and a poor diffusing
capacity of the lung for carbon
monoxide (Table 6).

Discussion

There is an abundance of data on
determinants of discharge after chest
surgery. However, most papers have
focused primarily on cardiac surgery,
likely because thoracic surgery often
plays a less prominent role on a ser-
vice that is frequently combined with
a cardiac service.

We decided to conduct a prospec-
tive observational study over 1.5
years to characterize 2 very impor-
tant elements of a general thoracic
surgery service: first to determine the
factors, both nonmedical and med-
ical, that prolonged hospital stay; and
second to highlight the importance
of prospectively assessing and docu-
menting postoperative complications
in order to establish an honest and
educational quality control system on
a general thoracic surgery service.

The pressures to reduce inpatient
hospitalization are nationwide and
bed use on one service may influence
patient flow throughout the institu-
tion. For example, a national pilot
study conducted by a team of re-
searchers in Winnipeg found that in
over 85% of cases when someone
waited in the emergency room more

than 1 day for a bed, there was an-
other patient in the same hospital at
the same time whom doctors said
was well enough to be cared for else-
where.1 The Quebec Ministry of
Health reported a 40% reduction in
hospital beds between 1991 and
2000 secondary to hospital closures
and mergers. Specifically, at the
McGill University Health Centre
there has been a 21% reduction in
acute care beds even though the 
average length of stay has only been
reduced by 2%.2 Therefore, to effec-
tively cope with this strain on bed
availability, we attempted to high-
light factors that unnecessarily pro-
long hospital stay.

A major advantage of the prospec-
tive nature of this study was that we
could differentiate the time the pa-
tient was medically fit for discharge
and the actual time of discharge.
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Table 3

Medical Reasons Delaying the Discharge by Postoperative Day 6 of Patients
Who Underwent Thoracic Surgery: Prospective (February 1999 to July 2000) and
Retrospective (1986–1996) Studies

Study

Complication

Prospective,
no. (and %)

N = 98

Retrospective,
(no. and %)

N = 925

Persistent air leak 12 (12.3) 13 (1.4)

Pneumonia 6 (6.1) 17 (1.8)

Atrial fibrillation 5 (5.1) 11 (1.2)

Desaturation (< 90% without oxygen) 3 (3.1) NR

Poorly controlled pain 3 (3.1) NR

Other 8 (8.1) NR
NR = not recorded.

Table 4
Effect of Leading Complications on
the Time the Patient Is Considered
Medically Ready for Discharge (98
Patients Who Underwent Thoracic
Surgery)

Complication

Hospital
stay

required
medically, d p value

Air leak

  Yes
  No

18.75
  5.69

< 0.0001

Pneumonia

  Yes
  No

16.40
  6.82

< 0.0001

Atrial fibrillation

  Yes
  No

  9.60
  7.20

0.07

Table 5
Effects of Social and Medical
Factors on Prolonged
Hospitalization

Factor

Prolonged
hospitalization/100

patients, d

Social*   44

Medical
  Persistent air leak 160

  Pneumonia   58

  Atrial fibrillation   12
*Lack of home support and unavailability of
convalescent facilities
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There was a significant difference be-
tween these 2 times contributing 44
days per 100 patients to the average
length of stay. Therefore, many pa-
tients were cared for in a more ex-
pensive tertiary care hospital when
they could have been well cared for
in a nonacute setting. Our results
also demonstrate that age, female
gender and a cancer diagnosis may
be predictors of prolonged hospital-
ization secondary to social needs.
Our results only approach signifi-
cance owing to the small cohort of
patients. In another study at our in-
stitution Kaplow and associates3

adopted a managed care appropriate-
ness program to evaluate the appro-
priateness of the days of stay for their
patients who were on one medical
service. Of 100 consecutive patients,
33% of the days were deemed inap-
propriate, 43% of them inappropriate
because patients remained in hospital
even though they were medically fit
to be cared for in a less acute setting
such as a convalescent home. There-
fore, we emphasize the importance
of establishing a quicker and more
efficient transfer of care to a setting
geared toward rehabilitation so as to
improve patient recovery. This
would also reduce the cost burden
on the health care system.

Medical complications had a more
significant effect on prolonged
length of stay when compared with
social factors. The 3 most common
medical causes for increased length
of stay were persistent air leaks,
pneumonia and atrial fibrillation.

Persistent air leaks seem to have the
largest impact on hospital stay, in-
creasing the length of stay by 13
days. Often patients respond well to
simple chest tube drainage; however,
this may require many frustrating
days in hospital. Many have advo-
cated outpatient treatment using a
Heimlich valve, a small calibre tube
connected to a flutter valve, with
which the patient is discharged with
careful monitoring. The use of the
Heimlich valve has been shown to
reduce the duration of chest drainage
and the length of hospital stay in pa-
tients with pneumothoraces4 and to
reduce hospital stay after various
types of thoracic procedures.5 Unfor-
tunately, difficulty in organizing an
adequately staffed clinic has pre-
vented our institution from imple-
menting such a program.

Nosocomial pneumonia, defined
as radiographically defined infiltrates
treated with antibiotics, was another
common complication, occurring in
6.1% of patients. Tedder and col-
leagues6 also noted a similar rate of
6.6%. Furthermore, they commented
that pneumonia was responsible for
15.4% of postoperative deaths. The
patients who have the highest risk for
pneumonia are those admitted to 
intensive care units and intubated.
Prompt extubation and a short stay
in the intensive care unit should
therefore be encouraged.

The third most common medical
cause for a delay in discharge was
atrial fibrillation, increasing length of
stay by 2.4 days. This occurred in 5%

of patients. Cardinale and associates7

reported a 12% rate of atrial fibrilla-
tion in patients who underwent pul-
monary resection for lung cancer.
They demonstrated no difference in
length of stay between those who
had atrial fibrillation and those who
did not. However, they emphasized
age, a history of hypertension and 
associated lymph-node resection as
positive predictors for this arrhyth-
mia. In a previous study, prophylactic
antiarrhythmic agents did not
demonstrate an efficacy superior to
their potential side effects.8 Amio-
darone, for example, has been related
to a higher incidence of adult respira-
tory distress syndrome after pneu-
monectomy.9 Our study indicated
that atrial fibrillation has a very small
effect on hospital stay and therefore
expectant management may be ap-
propriate to avoid complications from
prophylactic antiarrhythmic drugs.

The second goal of our study was
to assess the quality of documenta-
tion, comparing a thoracic surgery-
specific case report form with simple
charting. We compared the retro-
spective chart review with the
prospective case-report form (Table
3), which was revised daily. There
was a significant difference in rates of
occurrence for the 3 main complica-
tions, with significant underreporting
of these complications determined
by retrospective review of medical
records. This highlights the limita-
tions inherent in retrospective data
collection when used to determine
complications for the purpose of
quality improvement. Morbidity and
mortality records from residents were
notoriously inaccurate. Feldman and
associates,10 studying a general
surgery service, demonstrated that 
although most severe complications
are recorded at morbidity and mor-
tality rounds, a large proportion go
unreported. Therefore, it is impor-
tant to adopt a more accurate
method of reporting like a service-
specific case-report form to prospec-
tively monitor outcome and improve
self-assessment and quality of care.

Table 6
Predicting Prolonged Hospitalization (PH) Secondary to Social Factors in 98
Patients Who Underwent Thoracic Surgery
Characteristic
(and no. of patients)

PH, no.
(and %)

Characteristic
(and no. of patients)

PH, no.
(and %) p value*

Age ≥ 75 yr (18)   4 (22) Age < 75 yr (80)   8 (10) 0.17

Male (49) 4 (8) Female (49)   8 (16) 0.13

Cancer (69) 10 (14) No cancer (29) 2 (7) NS

MCPD (26)   3 (12) No MCPD (72)   9 (13) NS

DLCO < 70% (40)   7 (18) DLCO ≥ 70% (58) 5 (9) 0.20

FEV1 < 2.75 L (18)   2 (11) FEV1 ≥ 2.75 L (80) 10 (13) NS
∗χ2 analysis
MCPD = medical complications preventing discharge, DLCO = diffusing capacity of the lung for carbon monoxide, FEV

1
 =

forced expiratory volume in the first second.
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Conclusions

The length of hospital stay after
elective thoracic surgery may be pro-
longed for both medical and nonmed-
ical reasons. Air leaks and pneumonia
are the 2 medical complications that
have the most significant impact on
length of stay. Social causes — lack of
home care and convalescent facilities
— also prolonged hospital stay, high-
lighting the importance of early dis-
charge planning for those who may
benefit from convalescent care.

References
1. Brownell MD, Roos NP, Burchill C.

Monitoring the impact of hospital down-
sizing on access to care and quality of care.
Med Care 1999;376(6 Suppl):JS135-50.

2. McGill University Health Centre 1998–1999
annual report. Montreal: MUHC Central
Administration Committee; 2000.

3. Kaplow M, Charest S, Mayo N, Benaroya
S. Managing patient length of stay better
using an appropriateness tool. Healthc
Manage Forum 1998;11(2):13-6.

4. Niemi T, Hannukainen J, Aarnio P. Use of
the Heimlich valve for treating pneumoth-
orax. Ann Chir Gynaecol 1999;88(1):36-7.

5. McKenna RJ Jr, Fischel RJ, Brenner M,
Gelb AF. Use of the Heimlich valve to
shorten hospital stay after lung reduction
surgery for emphysema. Ann Thorac Surg
1996;61:1115-7.

6. Tedder M, Anstadt MP, Tedder SD,
Lowe JE. Current morbidity, mortality
and survival after bronchoplastic proce-
dures for malignancy. Ann Thorac Surg
1992;54:387-91.

7. Cardinale D, Martinoni A, Cipolla CM,
Civelli M, Lamantia G, Fiorentini C, et al.
Atrial fibrillation after operation for lung
cancer: clinical and prognostic significance.
Ann Thorac Surg 1999;68:1827-31.

8. Van Mieghem W, Tits G, Demuynck K,
Lacquet L, Deneffe G, Tjandra-Maga T,
et al. Verapamil as a prophylactic treat-
ment for atrial fibrillation after lung opera-
tions. Ann Thorac Surg 1996;61:1083-6.

9. Van Mieghem W, Coolen L, Malysse I,
Lacquet LM, Deneffe GJD, Demedts MG.
Amiodarone and the development of ARDS
after lung surgery. Chest 1994;105:1642-5.

10. Feldman L, Barkun J, Barkun A, Sampalis
J, Rosenberg L. Measuring postoperative
complications in general surgery patients
using an outcomes-based strategy: com-
parison with complications presented at
morbidity and mortality rounds. Surgery
1997;122:711-9.

Attention: Residents and surgical department chairs
Each year the Canadian Journal of Surgery offers a prize of $1000 for the best manuscript written by 
a Canadian resident or fellow from a specialty program who has not completed training or assumed a
faculty position. The prize-winning manuscript for the calendar year will be published in an early issue
(February or April) the following year, and other submissions deemed suitable for publication may 
appear in a subsequent issue of the Journal.

The resident should be the principal author of the manuscript, which should not have been submitted or published
elsewhere. It should be submitted to the Canadian Journal of Surgery not later than Oct. 1.

Send submissions to: Dr. J.L. Meakins, Coeditor, Canadian Journal of Surgery, Department of Surgery, Room S10.34,
Royal Victoria Hospital, 687 Pine Ave. W, Montreal QC  H3A 1A1.
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