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Background: We recently reported a grading system for surgical complications. This
system proved to have a high sensitivity for recording minor but meaningful compli-
cations prolonging hospital stay in patients after colorectal surgery. We aimed to pro-
spectively validate the complication grading system in a general surgery department
over 1 year.

Methods: All surgical procedures and related complications were prospectively recorded
between January 1st and December 31st, 2009. Surgical complications were graded on a
severity scale of 1-5. The system classifies short-term outcome by grade emphasizing in-
tensity of therapy required for treatment of the defined complication.

Results: During the study period, 2114 patients underwent surgery. Elective and oncological
surgeries were performed in 1606 (76%) and 465 (22%) patients, respectively. There were 422
surgical complications in 304 (14%) patients (Grade 1/2: 203 [67%]; Grade 3/4: 90 [29%)]; Grade
5: 11 [4%)).

Median length of stay correlated significantly with complication severity: 2.3 d for no
complication, 6.2 and 11.8 d for Grades 1/2 and 3/4, respectively (P < 0.001). Older age (OR
2.75, P < 0.001), comorbidities (OR 1.44, P = 0.02), American Society of Anesthesiology
score >2 (OR 2.07, P < 0.001), contamination Grade (OR 1.85, P = 0.001), oncological (OR
2.82, P < 0.001), open (OR 1.22, P = 0.03), prolonged >120 min (OR 2.08, P < 0.001), and
emergency surgery (OR 1.42, P = 0.02) independently predicted postoperative
complications.

Conclusions: This system of grading surgical complications permits standardized reporting
of surgical morbidity according to the severity of impact. Prospective validation of this
system supports its use in a general surgery setting as a tool for surgical outcome
assessment and quality assurance.
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1. Introduction

You can’t manage what you can’t measure
William Hewlett.

Operative morbidity and mortality are the most frequently
relied on performance measures of the quality of surgical care
and vary considerably across the globe. A comparable, vali-
dated system to classify and report surgical morbidity using
agreed on definitions and conventions would be an important
addition to health care and concerted efforts to improve the
quality and value of care. In 2004, the Clavien—Dindo grading
system was published and revolutionized complication
reporting [1]. The grading system shifted the focus from the
mere presence of a complication to the grade of the compli-
cation as a function of the resulting outcome. Despite its wide
acceptance, the Clavien—Dindo grading system intentionally
does not refer to specific complications but rather provides a
tool that can be adapted and applied to any given complica-
tion. The generality of the grading system is both an advan-
tage and an Achilles’ heel as at times the exact grade is not
readily apparent.

Based on the same principle of a five-tiered grading sys-
tem proposed by Clavien and Dindo, and by using the Com-
mon Terminology Criteria for Adverse Events version 3.0
classification system, we developed a more specific and
detailed surgical complication reporting system [2]. The
surgical complications recorded as part of a five-grade
morbidity and mortality system are a modification of Clav-
ien’s original classification system, which emphasizes the
intensity of therapy required for the treatment of the defined
surgical complication. Each complication was detailed and
the specific grade was outlined in a table. This simplified the
reporting of the complications and increased its accuracy.
We retrospectively evaluated this system on a cohort of pa-
tients that underwent colorectal resections and found that
the system had a high sensitivity for recording minor but
meaningful complications that were associated with
increased hospital resource utilization and prolonged length
of hospital stay (LOS) [2].

After our initial experience with capturing colorectal
surgery complications, we significantly modified our
reporting system to include more potential surgical com-
plications that cover the entire spectrum of procedures
performed at our Department of Surgery and decided to
validate it in a prospective trial. The aim of this study was to
prospectively validate the grading system on all procedures
performed in a teaching institution’s general surgery
department over 1 year.

2. Methods

Before the initiation of the study, we revised our previously
published surgical complication grading system to include all
potential postoperative surgical complications. Combining the
Common Terminology Criteria for Adverse Events system with
systematic review of surgical complications reported in our

institution over a period of 5 y, we generated a table including
all potential surgical complications grouped by physi-
ology—anatomy systems, coded, and each complication was
divided into a five-tiered scale severity grading (Appendix A).
The table was printed as a pocket book, laminated, and
distributed to all of the department’s surgical staff during a
study initiation meeting with detailed explanations on its
proper use. The study protocol was reviewed and approved by
the Hadassah Medical Center Institutional Review Board (Hel-
sinki Committee), protocol No. HMO_0646-08 (NCT01168193).

2.1. Procedures and patients

All surgical procedures performed at the Department of Sur-
gery, Hadassah-Hebrew University Medical Center, Mount
Scopus between January 1st and December 31st, 2009 were
prospectively recorded and classified according to the Inter-
national Classification of Diseases 9 codes. Data were verified
by the study coordinator with the International Classification
of Diseases 9 reported by the operating room personnel for
billing purposes. Operative details included type of surgery,
surgical approach (laparoscopy versus open), emergency
versus elective procedure, and presence of oncological indi-
cation. Patients’ demographics, American Society of Anes-
thesiology (ASA) score, current medications, and comorbid
conditions were also recorded.

2.2. Complication recording

Complications were defined as secondary events (or unin-
tended consequences) deviating from the ideal course of
convalescence that occurred after the operation, resulting in
changes in management (diagnostic or therapeutic inter-
vention) and delay in complete recovery and or planned
subsequent therapy, or chronic disability. This broad defini-
tion also includes asymptomatic documented complications.
Complications that occurred during admission were recor-
ded by the department staff on a daily basis. Inpatients were
evaluated daily by the surgical staff and any complication
encountered was classified and graded according to the table.
On discharge, each patient was given a spreadsheet to be
filled by a surgeon or a nurse at the follow-up clinic recording
the presence of a complication or several complications, its
code according to the table, and its severity. All complica-
tions were recorded in a computerized database designed for
the study.

Data were collected for 30 postoperative days and analyzed
by the patients’ characteristics, procedure performed,
complication code and grade, and hospital LOS.

To include all surgical complications, a study coordinator
retrospectively reviewed all procedures performed and all
patients not reported to have a complication were contacted
by the medical staff and either interviewed or examined at the
follow-up clinic. The study coordinator had access to the
complications previously reported by the surgeons and
documented complications that were not captured by the
staff.

Preexisting medical conditions that did not change over
the hospital course were not considered as adverse events. All
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