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Abstract

Background Reporting of surgical outcomes is important for healthcare decision making and includes the reporting

of complications. Several classifications have been proposed and validated for postoperative, but not intraoperative,

complications. The aim of the present study is to assess the current practice of complication reporting in surgical

trials.

Methods We evaluated the reporting of intra- and postoperative complications in all registered randomized con-

trolled trials that included investigate surgery or invasive interventions in at least one study arm and were published

in 2010 in the Annals of Surgery, JAMA Surgery, and the British Journal of Surgery.

Results A total of 46 trials were identified; intra- and postoperative complications were reported separately in 42 %

and pooled in 15 %. In 37 % intraoperative, in 2 % postoperative, and in 4 % both intra- and postoperative,

complications were not reported at all. Exact definitions were provided in 13 % for intraoperative and in 50 % for

postoperative complications. A classification was used in 9 % for intra- and in 54 % for postoperative complications,

most frequently according to severity. The type of intervention (surgical vs. other) or whether the primary outcome

was the assessment of complications had no significant impact on reporting definitions of adverse events.

Conclusions Intraoperative complications are frequently pooled with postoperative complications, ill-defined, or

not reported at all, hampering informed decision making. As further research, we propose to develop and validate a

classification of intraoperative complications. This will facilitate the evaluation of safety and the continuous quality

control of surgical interventions with the ultimate goal to contribute to patient safety.
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material, which is available to authorized users.
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Introduction

High-level evidence is of utmost importance for decision

making in healthcare. Therefore, reporting needs to be

accurate and transparent. Reporting should follow stan-

dardized guidelines as proposed by CONSORT (Consoli-

dated Standards of Reporting Trials Statement) [1]. Of

specific interest to surgery are the CONSORT extensions for

non-pharmacologic treatment [2]. There, challenges to sur-

gical trials such as blinding, experience of and clustering by

care providers and centers, and standardization of interven-

tions are accounted for. The CONSORT statement was ini-

tially developed to improve reporting of efficacy of

randomized controlled trials (RCTs). Since then, the group

has published an extension for better reporting of harms in

relation to interventions. There, it is specified that the

methods section should include a list of addressed adverse

events, with definitions for each and information on how

harms-related data were collected [3]. If relevant, informa-

tion on grading and expectancy of adverse events and vali-

dation of definitions should be provided. [3] In surgery,

reporting of adverse events is specifically challenging due to

the potential complexity of these events [2, 4]. An analysis of

the quality of reporting of short-term postoperative surgical

complications after pancreatectomy, hepatectomy, and

esophagectomy involving 119 articles, revealed that defini-

tions of complications were provided in 34 % of the articles

and severity was graded in only 20 % [4].

Whereas several simple and reproducible classification

systems have been developed for postoperative complica-

tions [5–11], to our knowledge there is still no such classi-

fication specifically addressing intraoperative complications.

To date, reporting of intraoperative complications in the lit-

erature is frequently either not present at all or intraoperative

complications are pooled with postoperative complications

[12]. If intraoperative complications are reported separately,

they tend to be ill-defined or only roughly classified

according to severity [13], for example, as ‘minor’ versus

‘major’, lacking exact classification criteria, and/or classified

according to the injured organ (e.g. vascular, visceral, solid

organ injury) without accounting for different degrees of

severity [14]. A classification system of intraoperative

complications is of particular interest and increasing impor-

tance in studies evaluating new surgical techniques and

devices. It would allow for better transparency and more

objective comparison between different surgical techniques

and their outcomes. Such a system would inform a more

differentiated judgment of the evidence and provide a better

rationale for more individualized decision making in surgery.

Additionally, standardization allows more adequate outcome

reporting in educational and training settings (individual

surgeon’s outcome) and in institution benchmarking (insti-

tution outcome).

The aim of the proposed research is to systematically

assess the current practice of reporting intra- and postop-

erative adverse events in RCTs published during 1 year in

three major general surgery journals. This is of relevance to

the subsequent development of a classification system for

intraoperative complications.

Materials and methods

Included studies

This is a secondary analysis of a review investigating

discrepancies between registry entries and final reports in

three general (non-specialty) surgical journals [15]. The

journals with the highest 2010 impact factor under the

category ‘surgery’ (Annals of Surgery, JAMA Surgery

[formerly Archives of Surgery], and British Journal of

Surgery) were screened for all RCTs published between 1

January 2010 and 31 December 2010. Preclinical studies,

duplicate publications, secondary analyses, interim reports,

and trials lacking trial registry information (since in the

primary review, registry entries were compared with final

reports) were excluded. Since we considered all RCTs

published in the above-mentioned journals, the RCTs were

not limited to surgical or invasive treatments.

For the current investigation, trials not involving surgery

or invasive treatments, such as trials investigating phar-

macological interventions unrelated to surgery, or trials

evaluating the informed consent process, were excluded

since we could not explore the reporting of intraoperative

complications in these trials.

Invasive interventions were defined as interventions

requiring either percutaneous access (such as radiofre-

quency ablation of liver metastases) or access through

natural orifices (such as endoscopic retrograde cholangio-

pancreatography, but not natural orifice transluminal

endoscopic surgery). The study intervention was defined as

perioperative if surgery was part of the study but the

intervention in itself was not, such as peri- or intraoperative

administration of a drug, nutrition, bowel preparation, or

transplant organ preparation.

Data extraction

The three journals were screened for RCTs, and data con-

cerning the study population, interventions, and outcomes

were extracted as previously described [15]. The reviewers

were not blinded for the names of the authors and journals of

the evaluated RCTs. In the current investigation, two

reviewers (RR and HH) independently additionally retrieved

the following information concerning adverse events: whe-

ther the occurrence of adverse events was reported (or
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whether there was a statement that none occurred), whether

adverse events were the primary outcome, whether both

intraoperative/intra-interventional and postoperative/post-

interventional adverse events were reported, and, if yes,

separately or not. Moreover, the reviewers assessed whether

a definition of adverse events was given in the methods

section, whether a classification system was used, and, if yes,

according to which specifier the events were classified.

Adverse events were considered ‘reported’ if any deviation

from the normal intra- or postoperative/post-interventional

course (excluding sequelae and failures of cure) was reported

or if it was reported that no such events occurred. Conver-

sion, such as from laparoscopy to open surgery in itself was

not considered a complication (i.e. it could be due to

extensive tumor burden or adhesions), but conversion due to

complications (e.g. bleeding) was considered a complica-

tion. Adverse events were classified as ‘intraoperative’ if

they were reported to occur during the surgical or invasive

intervention or ‘postoperative’ if they were reported to occur

after the intervention.

Complications were considered to be ‘completely

defined’ if either an exact definition was provided (such as

for postoperative complications ‘‘any deviation from the

normal postoperative course excluding sequelae and failures

of cure’’ [7] ) or if a complete list of events considered as

complications was provided. Complications were consid-

ered to be ‘not completely defined’ if examples, but not a

complete list, of events considered to be complications were

provided. If, in the methods section, it was mentioned that

complications or the postoperative course were recorded

without any further elaboration or if complications were

listed in the results section only and not mentioned in the

methods, complications were considered to be ‘not defined’.

Complications were considered to be ‘classified’ if some

type of classification was used, such as according to

severity or according to affected organ, regardless of

whether the classification had previously been validated

and scored as ‘not classified’ if they were individually

listed. Discrepancies between the two reviewers were

resolved by discussion and agreement. For data extraction,

an Excel spreadsheet (Microsoft Office XP, Microsoft

Corporation, Redmond, WA, USA) was used.

Statistical analysis

Descriptive statistics were used to present the proportions

of trials with definition of intraoperative and postoperative

complications and with information concerning grading

systems, if applicable (main analysis). We carried out two

additional explorative analyses. We compared the defini-

tion of intra- and postoperative complications (1) in trials

with surgical procedures in at least one study arm as the

primary study intervention versus those with invasive

interventions or perioperative interventions as study inter-

vention; and (2) in trials with adverse events being the

primary outcome and those with other types of primary

outcomes. Fisher’s exact test was used for the comparisons.

The comparisons were post hoc analyses, explorative in

nature, and without any correction for multiple testing.

Trials not reporting intra- or postoperative complications at

all were excluded for these two explorative analyses.

Analyses were conducted using Intercooled Stata Version

12.1; StataCorp LP, College Station, TX, USA.

Results

Characteristics of included studies

Of 596 studies identified through the search of the three jour-

nals, 65 were retrieved in full text, while the remaining studies

were not RCTs and were excluded (Fig. 1, adapted from Ro-

senthal and Dwan [15] ). Of these, a further 14 trials were

excluded as they were interim reports (n = 1); secondary

analyses (n = 5); not an RCT, in contrast to the information

provided in the heading or abstract (n = 4); not registered

RCTs (author information) (n = 2); or had no registration

information (n = 2). Therefore, 51 studies were included (21

Annals of Surgery, four JAMA Surgery, and 26 British Journal

of Surgery) [15]. The references of these 51 studies are given in

the Electronic supplementary material 1. For the current

investigation, two studies investigating the informed consent

process (References 10*, 24* in Electronic supplementary

material 1) and three studies evaluating medical treatment

options without any relation to surgery (References 43*, 45*,

48* in Electronic supplementary material 1) were additionally

excluded, since we could not explore the reporting of intraop-

erative complications in these trials, leaving a total of 46 studies

for this review. Of these, 20 studies (43 %) included surgery,

five studies (11 %) an invasive intervention, and four studies

(9 %) both surgery and an invasive intervention. In the

remaining 17 studies (37 %), the study intervention consisted

of perioperative interventions, but surgery was part of the study.

The baseline characteristics of all 46 studies with details

on the population, the intervention, control, primary out-

come, and result are presented in the Electronic supple-

mentary material 2.

Intraoperative and postoperative adverse event

reporting (main analysis)

All 46 studies included some kind of adverse event

reporting. The primary outcome was unrelated to adverse

events in 67 % (n = 31), whereas the primary outcome

was defined as the occurrence of any kind of adverse event

in 33 % (n = 15). Of the latter, the adverse event related to
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postoperative complications in 14 studies, to intraoperative

complications in none of the studies, and to adverse events

unrelated to surgery in one study.

Intraoperative complications were reported separately

from postoperative complications in 42 % (n = 19) and

pooled in 15 % (n = 7), whereas in 37 % (n = 17) intra-

operative, in 2 % (n = 1) postoperative, and in 4 %

(n = 2) both intra- and postoperative complications were

not reported at all.

Intraoperative and postoperative complications were

completely defined in 13 % (n = 6) and 50 % (n = 23),

respectively; they were not completely defined in 4 %

(n = 2) and 2 % (n = 1), respectively; and were not

defined at all in 44 % (n = 20) and 41 % (n = 19),

Fig. 1 Flow chart of included studies, adapted from Rosenthal and Dwan [15]. JAMA Journal of the American Medical Association,

RCT randomized controlled trial

World J Surg (2015) 39:80–87 83

123



respectively. A classification was used in 9 % (n = 4) for

intraoperative and in 54 % (n = 25) for postoperative

complications, most frequently according to severity

(intraoperative complications: three of four, postoperative

complications: 21 of 25, Table 1). Details on definition,

classification, and occurrence of intraoperative and post-

operative adverse events of the individual studies are pre-

sented in Electronic supplementary material 2. Of the 21

studies grading postoperative complications according to

severity, seven used the generic classification of postop-

erative complications according to severity by Dindo et al.

[7], taking into account the resulting type of complication

management, e.g. the possibility of spontaneous resolution

versus bedside procedure versus invasive procedure

(Electronic supplementary material 2). One study refer-

enced the generic classification used at the Memorial

Sloan-Kettering Cancer Center [16]. Six studies used

complication-specific classifications: three studies graded

surgical site infections according to the definitions of the

Centers for Disease Control and Prevention (Electronic

supplementary material 2) [17, 18], one according to the

ASEPSIS (Additional treatment, Serous discharge, Ery-

thema, Purulent exudate, Separation of deep tissues) score

[19], one graded complications after pancreatic surgery

according to study group definitions [20–22], and one

graded bleeding according to criteria defined in an RCT

[23]. The remaining seven studies used their own defini-

tions or did not provide any reference. As for the three

studies grading intraoperative complications according to

severity, one used the classification according to Dindo

et al. [7], one derived the classification from a previous

trial, and one used their own definition.

Explorative analyses

Three trials not reporting postoperative adverse events and

18 trials not reporting intraoperative adverse events were

excluded.

Comparison of trials with surgical interventions

versus those with invasive or perioperative

interventions (explorative analysis 1)

A total of 46 % (11/24) provided any type of definition of

postoperative adverse events in trials with surgery as the

study intervention versus 68 % (13/19) in trials without

surgery as the study intervention (p = 0.217).

In total, 18 % (2/11) provided any type of definition of

intraoperative complications in trials with surgical inter-

ventions versus 35 % (6/17) in trials without surgical

interventions (p = 0.419).

Comparison of trials with the primary outcome being

adverse events versus not (explorative analysis 2)

A total of 71 % (10/14) provided any type of definition of

postoperative adverse events in trials where an adverse

event was the primary outcome versus 48 % (14/29) in

trials with other types of primary outcomes (p = 0.199).

In total, 25 % (2/8) provided any type of definition of

intraoperative adverse events in trials where an adverse

event was the primary outcome versus 30 % (6/20) in trials

with other types of primary outcomes (p = 1.000).

Discussion

This review of publications in three major surgical journals

shows that intraoperative complications are rarely reported

or they are subsumed with postoperative complications. If

intraoperative complications are reported, they mostly lack

a definition. This is in contrast to postoperative complica-

tions, for which about half of the studies provide these

details. The type of study intervention or whether the pri-

mary outcome was an adverse event did not significantly

impact on these results.

Relation to other studies

To our knowledge, this is the first review assessing the

quality of reporting adverse events in surgery with a

Table 1 Definitions and classification of intra- and postoperative

adverse events (n = 46)

Period

Intraoperative Postoperative

Definition

Complete definition 6 (13) 23 (50)

No complete definition 2 (4) 1 (2)

No definition 20 (44) 19 (41)

No reporting of intra- respectively

postoperative AEs

18 (39) 3 (7)

Classification

Yes 4 (9) 25 (54)

No 24 (52) 18 (39)

No reporting of intra- respectively

postoperative AEs

18 (39) 3 (7)

Type of classification

Severity 3 (7) 21 (45)

Organ 1 (2) 4 (9)

No classification 24 (52) 18 (39)

No reporting of intra- respectively

postoperative AEs

18 (39) 3 (7)

Data are presented as n (%)

AEs adverse events
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specific focus on intraoperative complications. However,

the assessment of technical errors, mostly in the context of

surgeon training and safety evaluation, has been previously

investigated. As pointed out in the presidential address of

the European Surgical Association by Clavien [24], target-

ing safety and quality in surgery including standardization

of outcome measures is of utmost importance. In a review of

studies describing technical errors during laparoscopy,

Bonrath et al. [25] found 8 of 21 studies investigating sur-

gical performance in terms of errors during routine laparo-

scopic cholecystectomy; in the remaining 13 studies, errors

were evaluated as a surrogate for surgical skills in an edu-

cational context. Error definitions were found to vary con-

siderably and hamper a direct comparison [25].

Several studies have investigated the reporting of post-

operative surgical complications. A systematic review of

the definition of anastomotic leak in gastrointestinal sur-

gery based on 97 studies revealed 56 different definitions

of anastomotic leak [26]. None of the studies used the

standard definition for anastomotic leak that had previously

been proposed at a consensus workshop [27]. Similarly, a

systematic review of 90 studies on definitions of surgical

wound infection revealed 41 different definitions. Of these,

five may be considered as ‘standard’ definitions based on

work by multidisciplinary groups [28]. Another review on

the quality of surgery-related mortality reporting revealed

considerable differences in follow-up time, and post-

discharge mortality was rarely taken into account [29].

Thus, surgery-related complications and relevant out-

comes in surgery lack standard definitions and therefore do

not allow for comparison across studies and between sur-

gical disciplines. However, this problem is not only related

to surgery. Adverse event reporting in drug trials is also

often lacking appropriate information about drug discon-

tinuation and adequate reporting on toxicity and severity of

adverse events [30, 31].

Definition and classification of surgical complications

Surgical complications are not uniformly defined. One

option is to define surgical complications as ‘‘any unde-

sirable, unintended, and direct result of an operation

affecting the patient, which would not have occurred had

the operation gone as well as could reasonably be hoped’’

[32]. This definition thus may apply to intra- and postop-

erative complications, but was regarded as controversial,

because it may not always be possible to establish or rule

out whether there is a causal relationship between surgery

and the undesirable result. Moreover, not all undesirable

results are complications, but they may also be inherent to

the intervention or related to the severity of the underlying

disease [33]. Thus, complications may be defined as ‘‘any

deviation from the normal postoperative course’’ [7] and

are distinguished from inherent effects of surgery (seque-

lae, such as the inability to walk after an amputation of a

leg) or failures to cure (such as residual tumor after sur-

gery) [5]. However, this definition is limited to postoper-

ative complications. In a 5-year follow-up of the

classification by Clavien et al. [6], the capturing of death

during surgery or to ‘‘record as complication all events

occurring in the operating room from the time of prepa-

ration for anesthesia’’ was discussed.

The need for a classification system of intraoperative

complications

The need for an intraoperative classification of complica-

tions is subject to debate. Cunningham and Kavic [34] cor-

rectly point out that the definition of complications as

deviation from the normal postoperative course [5, 7] does

not capture intraoperative events that do not directly result in

clinically relevant postoperative complications. They pro-

posed to monitor any ‘‘deviation from the ideal operative

course’’ and to distinguish between ‘‘simple errors’’ (adverse

intraoperative events not leading to postoperative manifes-

tations or additional risk for postoperative complications,

e.g. burn to the lateral parietal peritoneum), and ‘‘compli-

cations’’ with potential risk for postoperative complications

(e.g. inadvertent, but treated enterotomy or splenic injury)

[34]. The concept was questioned by Wilson and Sokol [35],

who argued that intraoperative complications that do result

in a postoperative complication are captured as surgical

complications anyway, whereas the others theoretically add

information, but may complicate monitoring concepts. The

authors propose to refer in such cases to ‘‘intraoperative

errors’’, which of course need to be avoided.

Conversely, the documentation of intraoperative events

may be especially important when new surgical techniques

are introduced. In studies investigating new surgical pro-

cedures, the event rate of postoperative complications

resulting from intraoperative complications may not be

high enough to be captured with sample sizes resulting

from calculations for efficacy outcomes. In contrast, doc-

umentation of intraoperative adverse events should prompt

more extensive safety evaluation before wide application.

The Global Harmonisation Task Force on Medical Devices

(GHTF, see International Medical Device Regulators

Forum IMDRF, www.imdrf.org) has provided guidance to

standardize the reporting of adverse events and device

failures [36]. In their guidelines, the GHTF study group

distinguishes death, serious injury, and events ‘potentially’

leading to death or serious injuries, for instance, if they

occurred again [37]. This concept is in line with a safety

culture not limited to investigating actual patient injury in

order to prevent reoccurrence of such an injury. Instead,

such a concept also addresses critical incidents without
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actual patient injury and evaluates why such critical inci-

dents and errors occur [38–40]. This is in accordance with

the assumption that adverse events may arise from a build-

up of several minor errors [41]. As a matter of fact, an

error–outcome hierarchy may be described with the option

of being uneventful on every hierarchy level [25, 42].

Starting with an error, such as inserting a trocar without

visualization, a technical event such as an enteric injury

may or may not occur. This injury may or may not be

detected and rectified, leading or not to a postoperative

complication such as an enteric leak. The latter in turn may

or may not be detected and managed and, finally, may or

may not result in an adverse outcome such as sepsis or

death [42].

Additionally, some complications are just not captured when

focusing only on the immediate postoperative phase, because

the consequences are only evident in the long term or imme-

diately and definitively treated during surgery, for instance,

hemorrhage with intraoperative blood transfusion only.

Limitations

Our study presents some limitations. First, all RCTs pub-

lished in three major surgical journals except those with

strictly medical or informed consent process interventions

were considered for review. Therefore, some of the inter-

ventions did not only involve surgery, but also invasive or

perioperative interventions. We addressed this issue by

evaluating, in an exploratory analysis, the impact of studies

including surgery as the primary study intervention (yes vs.

no) on complication reporting. Results from three journals

may not be extrapolated to all surgical journals. We focused

on three high-impact journals with an endorsed CONSORT

reporting guidelines policy and it is therefore unlikely that

an investigation in other surgical journals would yield lower

frequencies of lack of definition and classification of intra-

and postoperative adverse effects. Second, reviewers were

not blinded to authors and journals of the published RCTs.

However data abstraction was carried out by two indepen-

dent reviewers who used a standardized objective extraction

protocol. We consider the lack of blinded data abstraction to

be a minor risk of bias [43].

Implications for daily practice and further research

Reports on adverse events from surgical interventions often

do not use uniform definitions for adverse events or do not

distinguish between intra- and postoperative complications,

and therefore have to be scrutinized. For these reasons, we

plan to develop and validate a simple and reproducible

classification for intraoperative complications, similar to

the existing classifications of postoperative adverse events

[5–9, 11].

The ultimate goal will be to propose a definition and

classification of intraoperative complications that can be

used for standardized outcome data collection. Therewith,

a core outcome set that may be used as a reporting

guideline for trials involving surgical procedures may be

developed. This is in line with the COMET (Core Outcome

Measures in Effectiveness Trials, www.comet-initiative.

org) initiative, with the goal of developing reporting stan-

dards that allow for comparisons across studies, healthcare

providers, and patients [44].

Conclusions

There is a lack of universal reporting of adverse events in

surgery. This compromises the comparison of reports on

intra- and postoperative complications in surgical innova-

tion and clinical research as well as continuous quality

assessment and benchmarking. Several straightforward

postoperative complications classifications have been

developed and validated, but intraoperative complications

are frequently not reported, ill-defined, or pooled with

postoperative complications. A clear distinction and clas-

sification of intraoperative complications is therefore nee-

ded to capture intraoperative events that eventually result

in postoperative complications or increase the risk for such

complications. This would also allow standardization of

critical incident-reporting systems that may be needed for

quality control, trainee assessments, or evaluation of sur-

geons’ performance.
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