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Vital healthcare resources are devoted to caring for pa-
tients with prolonged hospitalization after routine,
moderate-risk surgery. Despite the significant cost, little is
known about the overall incidence and pattern of compli-
cations in these patients. Four hundred thirty-eight pa-
tients undergoing a diverse group of routine, moderate-
risk, elective surgical procedures were enrolled into a
prospective, blinded, cohort study. Complications were
assessed using a postoperative morbidity survey. The
main outcome was postoperative complication, defined
as either in-hospital death or prolonged postoperative
hospitalization (.7 days). The mortality rate was 1.6%.
Postoperative complications occurred in 118 patients
(27% [95% CI 23–31]). Complications frequently ob-
served in these patients included: gastrointestinal 51%
(42–60), pulmonary 25% (17–33), renal 21% (14–28), and
infectious 13% (7–19). Most complications were not di-
rectly related to the type/site of surgery. Indices of tissue

trauma (blood loss [P , 0.001], surgical duration
[P 5 0.001]) and tissue perfusion (arterial base deficit
[P 5 0.008], gastric pHi [P 5 0.02]) were the strongest in-
traoperative predictors of complications. Despite a low
mortality rate, we found that complications after routine,
moderate-risk, elective surgery are common and involve
multiple organ systems. Our 9-point survey can be used
by healthcare providers and payers to characterize post-
operative morbidity in their respective settings. Implica-
tions: Little is known about the overall incidence and
pattern of complications in patients with prolonged hos-
pitalization after routine, elective surgery. We prospec-
tively assessed these complications using a novel postop-
erative morbidity survey. The postoperative morbidity
surveycanbeusedinfutureclinicaloutcometrials,aswell
as in routine hospital-based quality assurance.

(Anesth Analg 1999;89:514–9)

S ignificant healthcare resources are used to pro-
vide care to patients with prolonged postopera-
tive hospitalization (1). Clinicians, hospitals, and

healthcare payers are increasingly focused on reduc-
ing “unnecessary” days of hospitalization after sur-
gery. Despite the need for scientific data, no published
studies have prospectively ascertained the incidence
and pattern of complications in a diverse group of
surgical patients with prolonged hospitalization.

Previous efforts at characterizing postoperative
morbidity have been limited to very high-risk surgical
procedures (e.g., cardiac surgery) (2,3), intensive care

unit patients (4), complications specific to a particular
surgical procedure or study objective (5–12), or severe
life-threatening complications (3,13). No previous
study was designed to prospectively evaluate the
overall pattern and incidence of postoperative compli-
cations in patients with prolonged hospitalization.

We prospectively observed a diverse group of sur-
gical patients and systematically assessed them for
morbidity using predefined criteria. As a secondary
objective, we tested the hypothesis that intraoperative
indices of tissue hypoperfusion (e.g., gastric pHi, anal-
ysis of arterial blood gas) are good predictors of post-
operative morbidity.

Methods
After institutional review board approval and in-
formed consent, patients scheduled to undergo major,
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elective, noncardiac surgery were enrolled at Duke
University Medical Center, Durham, NC, in a prospec-
tive, blinded cohort study from January through May
1996.

Inclusion criteria were patients undergoing the fol-
lowing elective surgical procedures under general
anesthesia: orthopedic (revision hip arthroplasty,
fusion/instrumentation of multiple lumbar or thoracic
vertebrae), general (any laparotomy expected to ex-
ceed 2 h duration, including partial hepatectomy, pan-
creatic surgery, reoperative colon surgery), urological
(radical prostatectomy, radical cystectomy, radical ne-
phrectomy), vascular (abdominal aortic aneurysm re-
pair), and gynecological (cancer debulking procedure,
abdominal hysterectomy). These procedures were se-
lected for several reasons: 1) they are routinely per-
formed surgeries, 2) they represent a diverse group of
procedure types, and 3) a retrospective analysis at
Duke University Medical Center found these proce-
dures to be associated with prolonged hospitalization.

Exclusion criteria included age ,18 yr, emergency
surgery, regional anesthesia, any religious/ethical
prohibition from receiving blood products, or contra-
indication to the placement of a naso- or orogastric
tube.

Patients were cared for by clinicians who were
blinded to study measurements and were not part of
the investigative team. At the conclusion of surgery,
clinically available cardiovascular variables and indi-
ces of tissue perfusion were recorded. Gastric tonom-
etry was performed in a manner consistent with the
manufacturer’s guidelines and package insert. Briefly,
after the induction of anesthesia and insertion of a
gastric tonometer (TRIP NGS Catheter; Tonometrics,
Tewksbury, MA), saline was introduced into the
tonometer’s balloon and allowed to equilibrate for at
least 90 min. The saline was removed at the conclusion
of surgery, and Pco2 was measured using a blood gas
analyzer. pHi was calculated according to the gastric
tonometer’s manufacturer’s guidelines.

As a secondary study objective, we tested the hy-
pothesis that intraoperative indices of tissue hypoper-
fusion (e.g., gastric pHi, arterial base excess) are good
predictors of postoperative morbidity. Several indices
of regional and global tissue hypoperfusion were col-
lected at the end of surgery and compared with rou-
tinely measured and clinically available hemodynamic
variables (e.g., heart rate) and indices of oxygen de-
livery (e.g., hematocrit, oxygen saturation). These
variables were viewed as potential predictors of post-
operative morbidity and were not used as an end
point of how patients had fared during surgery.

Patients were prospectively observed from the day
of surgery until either discharge from the hospital or
death. Postoperative length of stay was defined as the

number of days from the day of operation (Day 0)
until hospital discharge or death. Postoperative com-
plication was the primary outcome of this study and
was defined as either in-hospital death or postopera-
tive length of stay .7 days. Seven days was chosen as
a reasonable cutoff because a pilot retrospective anal-
ysis of these same surgical procedures at Duke Uni-
versity Medical Center revealed that the median post-
operative duration of hospitalization for each of the
individual procedures was #7 days. Furthermore, this
same analysis revealed that most patients whose post-
operative hospitalization exceeded 7 days had evi-
dence of persistent organ dysfunction.

Hospitalized patients were evaluated on Postoper-
ative Days 5, 8, and 15 using the predefined criteria
listed in Table 1. Each assessment was conducted by
speaking with the patient, examining the patient, re-
viewing the medical record, and/or consulting with
the patient’s caregivers. The criteria used in this post-
operative morbidity survey (POMS) were selected
to identify both severe complications (e.g., pulmonary
failure/acute respiratory distress syndrome) and
more subtle morbidity that could delay discharge
from the hospital (e.g., moderate pulmonary dysfunc-
tion necessitating supplemental oxygen therapy).
These criteria were not intended to represent the “gold
standard” for assessing a given complication. Our
goal was to design a survey that was not cumbersome,
not complicated, and could be used routinely to screen
thousands of patients for multiple complication types.
In addition, other possible reasons for delay in hos-
pital discharge were recorded as a free text entry.
We included a free text entry space on the data sheet
to avoid a bias toward recording only predefined
complications.

Statistical calculations and analyses were performed
using the SAS software system version 6.12 (SAS In-
stitute Inc, Cary, NC). Statistical significance was set at
a 5 0.05. Given an estimated incidence of 25% for the
primary end point from pilot data, a sample size of at
least 400 patients was estimated to generate enough
events (100) to allow for relatively narrow (approxi-
mately 10%) 95% CIs for the specific complication
types observed. Relationships among continuous vari-
ables were tested by using linear regression, and as-
sociations among categorical variables were tested us-
ing the contingency table x2 test. This study was not
designed to rigorously assess all of the possible peri-
operative predictors of postoperative complications;
therefore, a full multivariate analysis was not deemed
appropriate. Nevertheless, as a secondary study objec-
tive, we tested for univariate associations between
clinically available predictors and the primary out-
come, i.e., postoperative complications, using a series
of univariate (unadjusted) logistic regression models.
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Results
Four hundred thirty-eight patients were enrolled in the
study over the 5-mo period. Preoperative demographics
and intraoperative characteristics for the study popula-
tion are presented in Table 2. Within the first week after
surgery, 320 patients (73%) had been discharged to home
alive (median length of stay of 5 days). In contrast,
postoperative complication (death or prolonged hospi-
talization) occurred in 118 patients (27%). In-hospital
death occurred in 7 patients (1.6%) and 114 patients had
a postoperative hospital length of stay .7 days.

Of patients with prolonged hospitalization (.7 days),
98% (95% CI 96–100) exhibited persistent dysfunction of
at least one organ system. Two patients did not fulfill
any of the predefined morbidity criteria but had a pro-
longed hospitalization. Delay of discharge in these pa-
tients resulted from awaiting the start of chemotherapy
(n 5 1) and awaiting diagnostic tests for the problem for
which the patient had undergone surgery (n 5 1). Com-
plications in hospitalized patients on Postoperative Days
5, 8, and 15 are listed in Table 3. Gastrointestinal dys-
function was the most common type of complication
observed on Postoperative Days 5, 8, and 15. We found
no direct relationship between surgical procedure type
and the presence of postoperative complication or the
incidence of specific types of complications.

In a univariate analysis (Table 2), ASA physical
status was associated with postoperative complica-
tions (P 5 0.001). For intraoperative variables collected
at the end of surgery, several indices of tissue trauma
(e.g., surgical duration [P 5 0.001], estimated blood
loss [P , 0.001]) and tissue perfusion (e.g., arterial
base deficit [P 5 0.008], arterial pH [P 5 0.01], gastric
pHi [P 5 0.02]) were associated with postoperative
complication. In contrast, cardiovascular variables at

the end of surgery (e.g., heart rate, blood pressure,
hematocrit, oxygen saturation) were either less predic-
tive or not predictive of postoperative complication.

Discussion
This is a large, descriptive study characterizing the
incidence and pattern of postoperative complications
in a diverse group of patients undergoing routine,
moderate-risk, elective surgery. Postoperative mor-
bidity seems to be common and involves multiple
organ systems.

Several previous studies have focused on specific
“anesthetic-related” complications occurring immedi-
ately after surgery; for example, hypoxemia in the
recovery room (14) and postoperative nausea and
vomiting (15). Other studies have focused on selected
high risk surgeries (e.g., cardiac surgery) (2,3), or fo-
cused on a specific type of complication, e.g., infection
(10–12). Studies of complications have also been ret-
rospective, have limited their scope to life-threatening
severe complications, or have not specifically exam-
ined complications in patients with prolonged hospi-
talization (9,13,16,17). In one example, “severe periop-
erative adverse outcomes” were studied in 17,201
patients undergoing minor or intermediate-risk elec-
tive surgery (13). In that study, several complications
that are known to occur after surgery, such as renal
dysfunction and wound infection, were not men-
tioned. In a separate retrospective study (n 5 8,126),
only two types of noncardiac surgery were included,
and the definitions for most adverse events were lim-
ited to organ failure (16).

We observed a more frequent incidence of morbid-
ity than has been reported in previous studies. This

Table 1. Postoperative Morbidity Survey

Morbidity type Criteria

Pulmonary De novo requirement for supplemental oxygen or other respiratory support (e.g.,
mechanical ventilation or CPAP)

Infectious Currently on antibiotics or temperature .38 °C in the last 24 h
Renal Presence of oliguria (,500 mL/d), increased serum creatinine (.30% from

preoperatively), or urinary catheter in place for a nonsurgical reason
Gastrointestinal Unable to tolerate an enteral diet (either by mouth or via a feeding tube) for any

reason, including nausea, vomiting, and abdominal distention
Cardiovascular Diagnostic tests or therapy within the last 24 h for any of the following: de novo

myocardial infarction or ischemia, hypotension (requiring pharmacological therapy or
fluid therapy .200 mL/h), atrial or ventricular arrhythmias, or cardiogenic
pulmonary edema

Neurological Presence of a de novo focal deficit, coma, or confusion/delirium
Wound complication Wound dehiscence requiring surgical exploration or drainage of pus from the operation

wound with or without isolation of organisms
Hematological Requirement for any of the following within the last 24 h: packed erythrocytes,

platelets, fresh-frozen plasma, or cryoprecipitate
Pain Surgical wound pain significant enough to require parenteral opioids or regional

analgesia

CPAP 5 continuous positive airway pressure.
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difference arose because we did not limit our scope to
severe life-threatening complications such as organ
failure. Instead, we included less severe forms of mor-
bidity that may not result in death but can neverthe-
less increase hospital length of stay and healthcare
costs.

Our study was not designed or powered to deter-
mine the exact incidence of complications. For exam-
ple, it was not designed to prove that pulmonary
complications (25%, 95% CI 17–33) are more common
than renal complications (21%, 95% CI 14–28). Our
study was instead designed to elucidate the overall
incidence and pattern of postoperative morbidity. The
high incidence of organ dysfunction observed in the
present study contradicts anecdotal claims that pro-
longed hospitalization is due to errors in surgical tech-
nique or to the underlying surgical pathology. Several

of the complications observed warrant discussion.
Gastrointestinal dysfunction was the most common

type of postoperative complication in all surgery
types. This finding is consistent with those of previous
studies that suggest that the gastrointestinal tract is
extremely sensitive to hypovolemia, catecholamines,
and other insults (18–20). Patients undergoing proce-
dures involving a laparotomy had approximately
twice the incidence of postoperative gastrointestinal
dysfunction, which confirms the notion that mechan-
ical trauma is an important determinant of this com-
plication. However, our findings demonstrate that
mechanical trauma cannot be the only cause of gas-
trointestinal dysfunction because 32% of patients with
prolonged hospitalization exhibited this complication
after extraabdominal procedures (e.g., revision hip
arthroplasty).

Also of note was our finding that cardiac morbidity
was less common than other types of morbidity, such
as pulmonary, renal, and infectious complications. It
was previously suggested that cardiac complications
are the most relevant type of morbidity after noncar-
diac surgery (1,17). Studies reporting a high incidence
of cardiac complications included predominantly
high-risk patients, e.g., Veterans Administration hos-
pitalized patients undergoing vascular surgery (17). In
contrast, our study enrolled a diverse group of pa-
tients undergoing varying surgical procedures, which
is a likely reason for the differences observed. Because
studies reporting a high incidence of cardiac compli-
cations also did not rigorously assess patients for non-
cardiac morbidity, it is possible that patients in those
studies exhibited a high degree of noncardiac morbid-
ity that went unreported.

Table 2. Patient Characteristics

Characteristics Total P value Odds ratio (95% CI)a Units for OR

Age (yr) 59 6 14 NS
Sex (% male) 47 NS
Preoperative weight (kg) 80 6 20 NS
ASA physical status I/II/III/IV (%) 5/52/38/5 0.001 2.87 (1.80–4.60) $III
Duration of surgery (min) 256 6 112 0.001 1.43 (1.29–1.63) 30
Estimated blood loss (mL) 910 6 1096 ,0.001 1.34 (1.17–1.56) 500
Mean arterial pressure (mm Hg) 78 6 13 0.03 1.18 (1.02–1.37) 210
Heart rate (bpm) 93 6 17 NS
Hematocrit (proportion of 1.0) 0.31 6 0.06 NS
Spo2 (%) 98 6 2 NS
Pao2 (mm Hg) 150 6 40 NS
Gastric mucosal pHi 7.38 6 0.08 0.02 1.28 (1.04–1.58) 20.03
pHa 7.40 6 0.05 0.01 2.12 (1.22–3.90) 20.03
Arterial base excess (mmol/L) 21.4 6 2.4 0.008 1.18 (1.05–1.35) 22
Urine output (mL z kg21 z hr21) 1.2 6 1.0 NS
Crystalloid administered (L) 5.0 6 2.9 0.0001 1.25 (1.15–1.37) 0.5
Temperature (°C) 37.4 6 0.7 NS

Values are mean 6 sd.
All measurements were made at the end of surgery unless indicated.
NS 5 not significant.
a Effect per unit increase.

Table 3. Postoperative Complications

Complication type

Patients hospitalized with
specified complication

POD 5
(n 5 176)

POD 8
(n 5 114)

POD 15
(n 5 21)

Gastrointestinal 55 (48–62) 51 (42–60) 52 (34–70)
Pulmonary 17 (11–23) 25 (17–33) 29 (12–46)
Renal 26 (20–32) 21 (14–28) 19 (5–33)
Infectious 12 (7–17) 13 (7–19) 43 (25–61)
Wound complication 3 (0–6) 12 (7–17) 24 (8–40)
Pain 23 (17–29) 22 (15–29) 10 (0–21)
Cardiovascular 9 (5–13) 9 (4–14) 14 (1–27)
Neurological 14 (9–19) 10 (5–15) 5 (0–13)
Hematological 8 (4–12) 16 (10–22) 14 (1–27)

Results are expressed as % (95% CI).
POD 5 Postoperative Day.
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Several plausible theories could account for our
finding of diffuse, multisystem complications unre-
lated to the type of surgery. It is clear from the critical
care literature that a massive injury or insult often
results in multiple organ dysfunction syndrome that is
often not directly related to the site of the initial injury
(21–23). Organ dysfunction in these patients is thought
to be due to a systemic process, perhaps excessive
systemic inflammation induced by endotoxin, cyto-
kines, and/or other mediators (20–24). Our study’s
findings support the theory that a large proportion of
postoperative morbidity is similar in pattern, and per-
haps pathophysiology, to complications observed in
intensive care unit patients (18), albeit of a less severe
form.

As a secondary study objective, we tested the hypoth-
esis that intraoperative indices of tissue hypoperfusion
(e.g., gastric pHi, arterial base excess) are good predic-
tors of postoperative morbidity. We chose to exclude
most of the preoperative “predictors” previously studied
for the following reasons. It is already known that pa-
tients who have a major preoperative comorbidity (e.g.,
left ventricular ejection fraction of 10%) are more likely
to have postoperative complications. In general, very
little can be done to alter these preoperative variables
(e.g., age) so as to alter outcome.

Several indices of regional and global tissue hypo-
perfusion were collected at the end of surgery and
compared with routinely measured and clinically
available hemodynamic variables (e.g., heart rate) and
indices of oxygen delivery (e.g., hematocrit, oxygen
saturation). This study was not designed to rigorously
assess all of the possible perioperative predictors of
postoperative complications; therefore, a full multi-
variate analysis was not deemed appropriate. Never-
theless, as a secondary study objective, we tested for
univariate associations on clinically available predic-
tors. The strongest predictors of complications were
characteristics reflective of a more traumatic operation
(e.g., greater blood loss and longer duration of sur-
gery) and indices of inadequate resuscitation and tis-
sue hypoperfusion (e.g., acute global metabolic acido-
sis). This finding is consistent with those of numerous
studies that have demonstrated an association be-
tween organ hypoperfusion and organ dysfunction
(4,25–28). In fact, several randomized clinical trials in
surgical patients have shown reductions in postoper-
ative complications by using prophylactic strategies
aimed at optimizing tissue perfusion in the immediate
perioperative period (29–32). Although not conclusive,
results from these trials suggest that some complications
observed in surgical patients may be preventable by
using prophylactic strategies that optimize tissue
perfusion.

In our study, patients who had been discharged
home were not observed by our study team. This
limitation in no way invalidates our findings with

respect to the pattern and high incidence of complica-
tions in hospitalized patients. The complications we
observed are the likely cause for the prolonged length
of hospitalization in these patients for two reasons.
First, the complications were defined by the need for
some specific acute medical therapy or intervention.
For example, pulmonary complication was defined as
the need for supplemental oxygen. It is unlikely that a
physician would discharge a patient home on supple-
mental oxygen if the patient did not require home
oxygen therapy preoperatively. Second, we included a
free text entry in the trial data sheet to record other
potential reasons for delay of discharge. Fewer than
2% of patients had a reason for delay of discharge not
covered by our POMS.

Our results can be used in several ways. Our nine-
point POMS can be easily used by healthcare provid-
ers and payers (e.g., clinicians, hospitals, health main-
tenance organizations) to characterize postoperative
morbidity in their respective settings. The high inci-
dence and cost of these complications have significant
medical and economic consequences, given the mil-
lions of patients undergoing moderate-risk surgery in
the United States annually (1). Our findings and the
use of our POMS may be useful in future studies
involving surgical patients. In fact, we believe that
surgical patients represent an ideal group to show
effectiveness for interventions that may also be useful
in critically ill patients. An intervention that is not
effective when administered prophylactically to sur-
gical patients is unlikely to be effective when admin-
istered to critically ill patients who usually present to
the intensive care unit many hours or days after the
inciting injury.

Our study demonstrates that, despite a low mortal-
ity rate, complications involving multiple organ sys-
tems are common after routine, moderate-risk, elec-
tive surgery. Many of these complications are not
directly related to the type/site of surgery, which
supports the theory that a systemic inflammatory re-
sponse may be responsible for much of this morbidity.
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