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BACKGROUND: Postoperative respiratory complications are often severe and associated

with a high risk of mortality in patients who undergo open abdomen (OA) management follow-

ing emergency damage-control surgery. The causes of postoperative respiratory complications

remain unknown. Therefore, we evaluated postoperative factors associated with respiratory

complications in nontrauma patients who had undergone OA management using propensity

score matching, with a focus on OA-related risk factors. METHODS: This retrospective analy-

sis included subjects who underwent OA management during a 4-y study period. Age, body

mass index, and smoking history were selected as covariates. After propensity score matching,

we compared postoperative factors (ie, first operative time, duration of OA, initial 3-d fluid bal-

ance, length of ICU stay, and in-hospital mortality) in 2 groups of subjects: those who had post-

OA respiratory complications (PORCs) and those who did not. RESULTS: 60 subjects (33 men

and 27 women) were identified; 38.3% of these subjects had PORCs. After propensity score

matching, 18 subjects were matched. The 3-d fluid balance was significantly higher in subjects

with PORCs than in those without PORCs (3,513 mL vs 1,087 mL; P 5 .03). CONCLUSIONS:

To our knowledge, this is the first study to examine factors associated with respiratory complica-

tions following OA in nontrauma subjects. After adjusting for known co-factors associated with

postoperative respiratory complications, the 3-d fluid balance was identified as a significant risk

factor for PORCs in subjects who had undergone OA. Clinicians should pay attention to the

incidence of PORCs in OA subjects with a positive fluid balance after emergency abdominal

surgery. Key words: open abdomen; open abdominal management; postoperative open-abdomen respi-
ratory complication; emergency surgery; respiratory failure; fluid balance. [Respir Care 2020;65

(11):1663–1667. © 2020 Daedalus Enterprises]

Introduction

Following emergency damage-control surgery, delayed

closure of the abdomen may prevent intra-abdominal

hypertension and attendant consequences. This technique is

known as staged closure and management with an open

abdomen (OA). It has become a standard salvage procedure

worldwide for intra-abdominal emergency surgery, both in

trauma cases and in nontrauma cases.1,2 Therefore, intensiv-

ists should acquire proficiency in this type of management

in the perioperative period. This technique is reported to

reduce the mortality risk in critically ill patients; however,

it is associated with a high morbidity rate (38–73%).2,3 In

nontrauma OA patients, postoperative complications can

include surgical site infection, respiratory failure, acute re-

nal failure, and enteroatmospheric fistula.4,5 Seternes et al6

reported in their analysis of OA subjects (> 90% non-

trauma) that the most common cause of death was respira-

tory failure (86.4%). Khan et al7 reported that 21% of

nontrauma OA subjects who had undergone early closure

experienced respiratory failure. The incidence of enteroat-

mospheric fistula, which is considered an OA-specific
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complication, was lower, with one report suggesting a rate

of 5.7–17.2% in nontrauma subjects who had undergone

OA.8

Respiratory complications are among the major OA-

related adverse outcomes. The precise mechanism is not

known. Despite this relatively high rate of respiratory com-

plications in nontrauma patients, there is very limited

research that focuses on this topic. There have been reports

about postoperative respiratory complications after conven-

tional abdominal surgery. Serejo et al9 revealed that old age

and high body mass index were independently associated

with postoperative respiratory complications after emer-

gency abdominal surgery. Other reports have suggested

that risk factors associated with the incidence of postopera-

tive respiratory complications are older age, higher body

mass index, smoking history, and comorbidities, including

COPD and congestive heart failure.10-13

Therefore, the aim of this study was to evaluate and

detect the unknown factors associated with post-OA respi-

ratory complications (PORCs) in nontrauma subjects who

had undergone OA.

Methods

After institutional review board approval was obtained

(Sakai City Medical Center, No. 108), patients who had

undergone OA at our hospital between August 2015 and

August 2019 were enrolled in this study. Informed consent

was obtained via an opt-out process on the web site.

Exclusion criteria included age < 20 y (patients < 20 y

were considered minors), duration of OA < 24 h, death

before primary closure, existence of pneumonia before OA,

and patients with COPD or congestive heart failure.

Medical records were reviewed retrospectively for demo-

graphic data and clinical variables, including laboratory

findings, operative factors, and PORCs.

The duration of OA was defined as the period from the

day of the first operation to the day of fascia closure. All

subjects were managed by the acute care surgery team

according to our protocol, which has been reported previ-

ously.4 Subjects with OA were extubated after fascial clo-

sure. Intravenous fluid resuscitation, targeting dynamic

parameters (eg, stroke volume variance, respiratory varia-

tion in inferior vena cava diameter), was performed judi-

ciously to prevent the development of acute compartment

syndrome and intra-abdominal hypoperfusion.

According to the review by Thompson and Lisco,13

PORC was confirmed when one of the following occurred:

respiratory failure (including a condition requiring tracheot-

omy), pneumonia, mechanical ventilation > 48 h after

primary fascia closure, acute respiratory distress syndrome,

or pneumothorax. Postoperative factors included first oper-

ative time, duration of OA, initial 3-d fluid balance (from

the first operative day), length of ICU stay, and in-hospital

mortality. Continuous variables were presented as medians

and interquartile ranges, and categorical variables were pre-

sented as percentages.

SPSS 24.0 (IBM, Armonk, New York) was used for sta-

tistical analysis. One-to-one matching was performed with-

out replacement using a caliper width of 0.2 standard

deviations of the logit of the estimated propensity score.14

Age, body mass index, and smoking history were selected

as covariates because they were identified in previous

research as independent risk factors for postoperative respi-

ratory complications after laparotomy.11 After propensity

score matching, 2 groups were handled as unpaired inde-

pendent groups. The Mann-Whitney U test was used to

compare continuous data of the 2 groups, whereas categori-

cal data were analyzed using a chi-square or Fisher exact

test, as appropriate. A value of P < .05 was regarded as

statistically significant.

Results

In total, 60 nontrauma subjects who had undergone

emergency surgery and were managed with OA at our insti-

tution were included (Fig. 1). Subject backgrounds in both

groups were closely balanced by the propensity score

matching, which resulted in 18 matched pairs (Table 1). In

the entire population, 23 subjects (38.3%) experienced

PORCs.

There were no significant differences in age, body mass

index, or smoking history between the two groups. After

propensity score matching, the 3-d fluid balance was signif-

icantly higher in the PORC-positive group (3,513 mL vs

1,087 mL; P ¼ .03) (Table 2). The PORC-positive group

QUICK LOOK

Current knowledge

An increasing number of patients are managed with open

abdomen (OA) following emergency damage-control

surgery. Postoperative respiratory complications in these

patients are often severe. Underlying reasons for these

complications are unknown, and perioperative factors

have not been previously analyzed.

What this paper contributes to our knowledge

We adjusted for known factors associated with postop-

erative respiratory complications. As a result, 3-d fluid

balance was identified as a significant risk factor in the

perioperative period. Clinicians should pay attention to

the incidence of postoperative respiratory complica-

tions in OA patients with a positive fluid balance after

emergency abdominal surgery.
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also stayed significantly more days in the ICU (10.5 d vs 5

d, P < .001) (Table 2). Moreover, duration of OA, first op-

erative time, and first operative hemorrhage did not differ

significantly between the 2 groups after propensity score

matching (Table 2). In-hospital mortality after propensity

score matching was 16.7% in the PORC-positive group and

0% in the PORC-negative group, but this difference was

not significant.

Discussion

To our knowledge, this is the first article to investigate

OA-related factors associated with PORCs after adjusting

for co-factors including age, body mass index, and smok-

ing.10-13 Our results highlight that the 3-d fluid balance is an

important risk factor for PORCs in nontrauma patients.

The OA technique has been constantly adapted, and its

use has been expanded to include the management of

critical nontrauma patients with the development of

commercial negative-pressure wound therapy systems.

However, assessments for the complications of OA are still

insufficient. Generally, emergency abdominal surgery is

associated with a high incidence of complications.15 In a

nationwide database study on critically ill abdominal surgi-

cal subjects, postoperative respiratory complications were

found to occur at a high rate, with 15.3% of critical subjects

undergoing emergency abdominal surgery being dependent

on the ventilator for > 48 h.16 In our study, the percentage

of subjects on the ventilator for > 48 h after primary clo-

sure was 37.5%. Among nontrauma subjects, recent studies

have reported that 20–27% of OA subjects experience post-

operative respiratory failure.4,7,17 These data suggest that

the OA condition may be associated with the risk of

PORCs.

Although PORC is a major OA-related complication, the

responsible mechanisms are not well understood. Ventilator-

associated pneumonia, atelectasis due to high intra-abdomi-

nal pressure, and pleural effusion may all contribute to respi-

ratory failure in OA patients. The causes of unplanned

intubation and respiratory failure are complex, with multiple

adverse effects on the respiratory system.18 In our study, pos-

itive fluid balance was suspected to be a contributory factor

to PORCs.

Several studies have reported that a positive fluid balance

was associated with an poorer prognosis in specific popula-

tions of ICU subjects after high-risk abdominal surgery.19,20

It has been suggested that a positive fluid balance worsens

pulmonary interstitial edema.21 Furthermore, high intra-ab-

dominal pressure might be a partial clinical expression of the

interstitial tissue and organ edema. It elevates diaphragm,

leading to atelectasis. Diaphragmatic dysfunction and

extravascular lung fluid are associated with impaired

Open-abdomen
patients (nontrauma)

75

Respiratory
complications

23

No respiratory
complications

37

Excluded
15

<24 h open abdomen: 8
Died during open
abdomen: 2
Pneumonia preceding: 1
COPD or CHF: 4

Fig. 1. Flow chart. CHF¼ congestive heart failure.

Table 1. Characteristics of 60 Nontrauma Subjects With or Without PORCs Before and After Propensity Score Matching

Before Propensity Score Matching After Propensity Score Matching
P

PORC-Positive PORC-Negative PORC-Positive PORC-Negative

Subjects, n 23 37 18 18

Male 12 (52.2) 21 (56.8) 10 (55.6) 12 (66.7) .73

Age, y 77 (68–82) 70 (62–76) 73 (65–81) 74 (67–77) .92

Body mass index, kg/m2 23.1 (20.6–23.9) 22 (20.6–24.6) 23.1 (21.3–23.5) 22.7 (21.8–25.4) .83

Smoking history 11 (47.8) 19 (51.4) 10 (55.6) 9 (50) > .99

Laboratory findings

Hemoglobin, g/dL 12 (10.6–13.5) 13.1 (10.8–14.7) 12.1 (9.4–13.7) 13.1 (11.3–15.3) .30

Platelets, 104/mL 18.2 (11.8–23.7) 23.5 (15.8–32.7) 19.4 (10.7–30) 24.3 (17.8–28.6) .16

Albumin, g/dL 2.7 (2.2–3.1) 3.3 (2.5–3.6) 2.5 (2–3) 3.3 (3–3.7) < .001

C-reactive protein, mg/dL 4.85 (1.43–17.61) 6.51 (1.19–15.32) 8.09 (1.96–18.3) 4.67 (0.56–14.64) .14

pH 7.35 (7.26–7.4) 7.42 (7.37–7.46) 7.36 (7.3–7.4) 7.42 (7.37–7.46) .046

Lactate, mmol/L 3.2 (1.7–6.7) 2.85 (1.58–4.12) 3.1 (1.88–5.92) 3.15 (1.52–5.57) .66

Data are presented as median (interquartile range) or n (%).

PORC ¼ post open-abdomen respiratory complication
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pulmonary function. Edema itself might lead to a poorer

prognosis through multiple organ failure due to capillary

leak related to inflammation and hypoalbuminemia.

In cases where a negative-pressure wound therapy sys-

tem is used, ascites is drained from the abdominal cavity.

This promotes loss of extracellular fluid and albumin and

therefore additional fluid administration is required. As a

result, fluid overload provokes further hypoalbuminemia

and makes fascial closure difficult because of bowel edema

and reduced abdominal wall pliability.3,20

Some reports indicate a significant association between a

longer duration of mechanical ventilation and failure of extu-

bation.21-23 In addition, repeated sedation to facilitate further

observation of the abdominal cavity may lead to excessive

sedation. Furthermore, the greater the number of ventilator

days, the greater the risk of ventilator-associated pneumonia.24

In the additional analysis after propensity score matching, the

ventilator days were significantly higher in the PORC-positive

group (8.5 d vs 4 d, P< .001). Because this study design was

retrospective, we could not prove causation between PORC

and prolonged ventilator days or fluid volume. Based on

actual clinical experience, we believe that fluid volume also

tended to cause difficulties for fascial closure due to high

intra-abdominal pressure. This might extend the duration of

OA, which is associated with prolonged intubation and venti-

lation that may cause PORC. This can also prolong ICU stay.

Thus, fluid volume might cause PORC directly or indirectly.

Therefore, in OA, clinicians should pay attention not only to

the abdomen but also to the respiratory system.

Our study population was small, so further multi-center

studies with greater numbers of subjects are needed to con-

firm our findings. This study was also limited by its depend-

ence on retrospective data. In addition, we excluded a

significant portion of our patients because of propensity

score matching. Given the inherent limitations of our medi-

cal records, we were unable to assess the specific causes of

PORCs without a chest computed tomography scan.

Conclusions

After adjusting for already known factors associated

with PORCs, 3-d fluid balance was identified as a new sig-

nificant risk factor for PORCs in subjects who had under-

gone OA. Therefore, OA strategy must include careful

monitoring of fluid balance to minimize the incidence of

PORCs, which may improve mortality and morbidity of

critically ill patients.
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