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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. Inter-hospital variation in the management of small bowel obstruction (SBO) has been described in other
countries, but the extent to which similar variations exist in Denmark remains unknown. This study aimed to compare the
management of SBO between hospitals in Denmark and identify potential areas for improvement

METHODS.METHODS. This was a multicentre prospective study performed at six emergency hospitals. Patients aged ≥ 18 years with a
diagnosis of SBO were eligible for inclusion. The primary study endpoints were the proportion of patients undergoing
operative versus non-operative management, laparoscopic surgery versus open surgery and the success rate of non-operative
management.

RESULTS.RESULTS. A total of 316 patients were included. No differences were noted in diagnostic pathways or operative versus non-
operative management. However, variations were noted in compliance with peri-operative care bundles, ranging from 63.2%
to 95.8%. The surgical approach also varied, with the use of laparoscopic surgery ranging from 20.7% to 71.0% (p < 0.001).
Variations were also noted in duration of surgery (63-124 minutes, p < 0.001), time to re-introduction of normal diet and
length of hospital stay (3-8.5 days, p < 0.001). No differences were observed in 30-day or 90-day mortality rates.

CONCLUSION.CONCLUSION. The management of SBO in Denmark is relatively standardised. Future efforts should focus on improving
adherence to multidisciplinary peri-operative protocols, optimising patient selection for laparoscopic surgery and
standardising nutritional therapy.
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Small bowel obstruction (SBO) accounts for up to 20% of all acute general surgical admissions [1]. The severity of
the clinical presentation of SBO varies from simple obstruction to strangulation, with a risk of ischaemia and
perforation. Patients presenting with SBO are diverse both in terms of SBO aetiology and their comorbidities and
previous surgical history. This diversity presents challenges in determining the best management for each
patient, with the options being surgical intervention or a non-operative strategy.

Variations in the management of SBO have been reported. Studies from Canada and the United Kingdom found
variations in the diagnostic pathways and treatment strategies between hospitals [2, 3]. In recent years, acute
care bundles (ACBs) have been introduced for patients admitted with suspected abdominal emergencies,
including, but not limited to, SBO [4]. These bundles aim to reduce surgical stress and return patients to their
physiological baseline with the intended benefits of reducing peri-operative morbidity and mortality as well as
the length of hospital stay [5].

Although ACBs are now well integrated into clinical practice in many Danish hospitals, whether the
management of patients with SBO differs between hospitals remains unknown. This study aimed to compare the
diagnostic pathways, treatment strategies and short-term outcomes of patients admitted with SBO in hospitals in
eastern Denmark and to identify potential areas for improvement.

METHODSMETHODS

This multicentre prospective study was conducted at six hospitals (four in the Capital Region of Denmark and
two in Region Zealand). The hospitals in Region Zealand also receive patients with SBO from a satellite surgical
department on alternate days once the diagnosis has been established locally. All hospitals in the study use ACBs
for patients with suspected SBO [4].

The study was reported according to the STROBE guidelines [6]. Patients aged ≥ 18 years with a radiological or
clinical diagnosis of SBO were eligible for inclusion. Patients admitted with SBO within 30 days of a previous
abdominal operation were excluded. The inclusion period ran from 22 February 2021 to 18 June 2021. Study
approval was provided by the Danish Data Protection Agency and consent was obtained from all participating
patients. The outcomes of this patient cohort have recently been reported [7]. The present study focuses on
variations between individual centres.

Clinicopathological data were retrieved from electronic patient records and entered into RedCap in a pseudo-
anonymised format. The initial treatment strategy was defined as urgent operation or non-operative
management awaiting spontaneous resolution. Patients were stratified into groups for further analyses
according to the admitting hospital. Follow-up was conducted during admission and using electronic patient
records following discharge. Each hospital uses the same electronic patient records system (Epic), allowing
readmissions in both regions to be identified. Data completeness was checked by the principal investigator and
validated by the local investigators for each centre.

The primary study endpoints were the proportion of patients undergoing operative versus non-operative
management, the proportion of patients undergoing laparoscopic surgery versus open surgery and the success
rate of non-operative management at each centre. Secondary endpoints were differences in diagnostic
pathways, nutritional management and peri-operative outcomes. Thirty-day morbidity was defined as any
complication with a Clavien-Dindo grade > 2, and 30-day morbidity rate was defined as the number of patients
experiencing at least one such complication.

Descriptive statistics were performed comparing clinicopathological demographics between groups. Continuous
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data were reported by the median and interquartile range. The χ2 test was used for comparisons of categorical
data. The one-way analysis of variance (ANOVA) test or the Kruskal-Wallis test was used for comparisons of
parametric or non-parametric continuous data. A posthoc Bonferroni correction was applied due to the number
of comparisons performed, with statistical significance defined as p values < 0.001. All analyses were performed
using SPSS version 25.0.

Trial registration: NCT04750811.

RESULTSRESULTS

A total of 316 patients were included. No patients were lost to follow-up. Patient age varied between individual
centres (median 64-75 years), although this was not statistically significant. Similarly, no statistically significant
differences were found between individual centres regarding female/male ratio, comorbidity, previous surgical
history and previous SBO episodes (Supplementary Figure 1Supplementary Figure 1  a01230057.R2-supplementary.pdf (ugeskriftet.dk)a01230057.R2-supplementary.pdf (ugeskriftet.dk)).
Adhesions were the most common cause of SBO at each centre. The severity of clinical presentation appeared
similar between the various hospitals (Table 1Table 1). Almost all patients were diagnosed with a computed tomography
(CT) scan (313 patients, 99.1%), with no variation in the use of diagnostic imaging noted between hospitals.

Acute care bundlesAcute care bundles

Most patients were initially managed using ACBs (248 patients, 78.4%). However, the use of ACBs was more
common in patients undergoing urgent operations than in patients undergoing non-operative management
(87.8% versus 67.8%, p < 0.001). Significant differences were also noted in the proportion of patients managed
with ACBs at each centre (63.2-95.8%, p < 0.001, Figure 1Figure 1A). Furthermore, variations were seen in the proportion
of patients who received all of the key initial interventions in these protocols (CT, broad spectrum intravenous
antibiotics, nasogastric tube, arterial blood gas, urinary catheter, Figure 1B). Further details on the completion
of each of these interventions are shown in Supplementary Figure 2Supplementary Figure 2  a01230057.R2-supplementary.pdfa01230057.R2-supplementary.pdf
(ugeskriftet.dk)(ugeskriftet.dk).. Although still present, less variation in the use of these protocols was seen in patients
undergoing urgent operations when compared with those managed non-operatively (Figure 1C and D). Finally,
despite these variations, no between-centre differences were noted in the time from CT diagnosis to operation in
patients undergoing urgent surgery (Figure 1E).
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Treatment strategiesTreatment strategies

A total of 164 patients (51.9%) underwent urgent surgery, with 152 patients (48.1%) treated with an initial non-
operative strategy. Statistically significant differences in the use of laparoscopic surgery between centres were
noted (20.7-71.0%, p < 0.001). Similarly, significant differences in the median duration of surgery were noted
(median 63-124 minutes, p < 0.001). Despite this, no corresponding differences were noted in conversion rates,
iatrogenic injuries or bowel resections.
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Most patients initially undergoing non-operative treatment received water-soluble contrast (WSC) (138 patients,
90.8%). However, significant differences were noted in the proportion of patients in whom the decision to give
WSC was made within six hours of diagnosis (23.1-96.7%, p < 0.001). No significant between-centre variations
were noted in the success rates of non-operative management (Table 2Table 2).

.

Nutritional status and supplementationNutritional status and supplementation

Formal nutritional assessments were performed in 61 patients (19.3%); mostly after treatment had commenced
(82.0%). No differences in the performance or timing of these assessments or in the use of parenteral nutrition
were noted between centres (Table 3Table 3). Parenteral nutrition was often initiated after the start of treatment for SBO
and was given for more than three days in most patients who received it. Interestingly, of the 47 patients who
received parenteral nutrition, only 34 (72.3%) had undergone a formal nutritional assessment. The time from
diagnosis to return to a full diet differed significantly between centres, with the proportion of patients fasting for
more than five days after diagnosis ranging from 0.0% to 32.0% (p < 0.001).
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Morbidity and mortalityMorbidity and mortality

The overall mortality rate was 7.3% (23 patients) at 30 days and 12.3% (39 patients) at 90 days. The overall 30-day
morbidity rate (Clavien-Dindo grade > 2) was 17.1% (54 patients). No significant differences were noted in the 30-
day or 90-day mortality rates between individual centres; and while greater variations were seen in 30-day
morbidity rates and the number of unplanned high dependency/intensive care unit admissions, these were also
not statistically significant. However, significant differences were noted in the length of stay (median 3-8.5 days,
p < 0.001, Table 2).

DISCUSSIONDISCUSSION

Little variation was noted in the management of patients admitted to these different centres. Diagnostic
pathways for patients with suspected SBO were particularly uniform, with CTs being the only imaging modality
used. This contrasts to reports from other nations. In a study from the United Kingdom, almost 20% of patients
with SBO underwent plain abdominal radiography as the only diagnostic imaging modality [3]. The value of a
standardised diagnostic approach in managing this diverse patient group should not be underestimated. CT is
not only capable of accurately identifying the cause of SBO but can also identify strangulated bowel, help stratify
patients to minimally invasive surgical approaches and help predict the success of non-operative treatment [8-
10].

Significant inter-centre variations were seen in the use and completion of ACBs in the initial management of
patients with SBO, which may be a cause for concern. Interestingly, these differences did not seem to correlate
with delays in surgical treatment or with morbidity and mortality outcomes. However, it should be noted that the
present study did not include data regarding the intra- and post-operative components of these bundles; and, so,
these associations, or lack thereof, should be interpreted with caution. Further focused studies regarding
adherence to ACBs across different centres would be of interest, not only in patients with SBO but also in
patients other abdominal emergencies.
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Initial adherence to ACBs was particularly poor in patients with SBO who were managed non-operatively. Given
that ACBs focus on optimising the management of patients undergoing major abdominal surgery, this may
reflect selection bias introduced by the clinician, whereby ACBs are not activated in patients not thought to
require or be able to tolerate surgery. Development of SBO-specific protocols, potentially within existing ACBs,
may not only improve the rates of adherence but also standardise non-operative management of these patients.

Treatment strategies employed at each centre were also similar, with urgent operations being performed in most
patients. Not only is the rate of urgent operations higher in Denmark than in other countries, but there also
appears to be less variation in approaches between centres [2, 3, 11]. In a study from Canada, urgent operations
were performed in < 15% of patients admitted with SBO, with rates of early surgical intervention ranging from
0% to 33% between centres 2. Interestingly, the same study also found evidence to suggest that hospitals with
higher rates of early surgical intervention had lower rates of 30-day mortality. Given that other studies have
demonstrated an association between early surgical intervention and reduced recurrence of adhesional SBO, it
may well be that this approach has both short- and long-term benefits in appropriately selected patients [12, 13].

Significant variations were identified in the use of laparoscopic surgery between centres. It is beyond the scope
of the present study to explain this variation with any certainty. Whilst there were no significant differences in
aetiology or the severity of clinical presentation between centres, differences in surgical approach may reflect
differences in the case mix at each hospital. It is possible that the thresholds for attempting laparoscopy vary
between centres and further studies to identify which factors play a role in this decision-making process would
be of interest. Laparoscopic surgery certainly has a role in patients with SBO and is associated with several
benefits in appropriately selected patients, including reduced post-operative pain, reduced post-operative
morbidity and a shorter length of stay [14-16]. The conversion rate from laparoscopic surgery in the present
study was 50%; double that reported in other studies [16]. Whilst there was no difference in iatrogenic injuries or
bowel resections between patients undergoing laparoscopic or open surgery, the high rate of conversion in the
present study suggests that patient selection for a minimally invasive approach may be improved.

This study identified several other areas for potential improvement. Formal nutritional assessments were
performed in less than 20% of patients included in this study, and the majority of assessments occurred after
treatment had started. Significant variation in the time from diagnosis to the re-establishment of enteral
nutrition was seen between hospitals; and a total of 61 patients (19.3%) in the present study went without enteral
nutrition for at least five days. Patients with SBO are at high risk of malnutrition, which itself is associated with
increased risks of morbidity and mortality [17, 18]. The findings highlight the need to standardise nutritional
assessments and therapy in this patient group.

Differences were also noted in the timing of WSC in patients undergoing non-operative management. Current
guidelines recommend that WSC is given at the start of a non-operative strategy to allow earlier identification of
patients who will eventually require surgery [19]. Patients who undergo delayed operations are recognised to
have poorer outcomes, with delays exceeding 72 hours being associated with an increased risk of 30-day
mortality [20]. The study showed significant differences in length of stay, which ranged from a median of 3 to 8.5
days. The reasons for this are unclear and may be multifactorial.

The present study has several limitations. Whilst it was a multicentre study, it only represents hospitals from the
eastern region of Denmark and may not necessarily be representative of current practice in the other Danish
regions. Also, no power calculation was performed to ensure sufficient sample size. Finally, there was a risk of
confounding by indication. This study was not randomised, and surgeons decided which patients should
undergo urgent surgery or initially non-operative strategy according to their own clinical judgement.

.
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CONCLUSIONCONCLUSION

The management of patients with SBO in eastern Denmark is relatively standardised. Although some variation in
the adherence to ACBs was noted between centres, this was not accompanied by variations in short-term
mortality. Potential areas for improvement include improving adherence to multidisciplinary peri-operative
protocols, optimising patient selection for laparoscopic surgery and standardising nutritional assessments and
therapy.

CorrespondenceCorrespondence Henry George Smith. E-mail: henry.george.smith@regionh.dk

AcceptedAccepted 14 June 2023

Conflicts of interestConflicts of interest Potential conflicts of interest have been declared. Disclosure forms provided by the authors are available with

the article at ugeskriftet.dk/dmj

Cite this asCite this as Dan Med J 2023;70(9):A01230057

REFERENCES

1. Scott JW, Olufajo OA, Brat GA et al. Use of national burden to define operative emergency general surgery. JAMA Surg.

2016;151(6):e160480.

2. Behman R, Karanicolas PJ, Nathens A, Gomez D. Hospital-level variation in the management and outcomes of patients with

adhesive small bowel obstruction: a population-based analysis. Ann Surg. 2021;274(6):e1063-e1070.

3. Lee MJ, Sayers AE, Drake TM et al. National prospective cohort study of the burden of acute small bowel obstruction. BJS

Open. 2019;3(3):354-66.

4. Tengberg LT, Bay-Nielsen M, Bisgaard T et al. Multidisciplinary perioperative protocol in patients undergoing acute high-risk

abdominal surgery. Br J Surg. 2017;104(4):463-71.

5. Boyd-Carson H, Gana T, Lockwood S et al. A review of surgical and peri-operative factors to consider in emergency

laparotomy care. Anaesthesia. 2020;75(suppl 1):e75-e82.

6. von Elm E, Altman DG, Egger M et al. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

statement: guidelines for reporting observational studies. J Clin Epidemiol. 2008;61(4):344-9.

7. Olausson M, Aerenlund MP, Azzam M et al. Management and short-term outcomes of patients with small bowel obstruction

in Denmark: a multicentre prospective cohort study. Eur J Trauma Emerg Surg. 2023;49(2):1121-30.

8. Kim J, Lee Y, Yoon JH et al. Non-strangulated adhesive small bowel obstruction: CT findings predicting outcome of

conservative treatment. Eur Radiol. 2021;31(3):1597-1607.

9. Millet I, Boutot D, Faget C et al. Assessment of strangulation in adhesive small Bowel obstruction on the basis of combined

CT findings: implications for clinical care. Radiology. 2017;285(3):798-808.

10. Millet I, Ruyer A, Alili C et al. Adhesive small-bowel obstruction: value of CT in identifying findings associated with the

effectiveness of nonsurgical treatment. Radiology. 2014;273(2):425-32.

11. Hernandez MC, Birindelli A, Bruce JL et al. Application of the AAST EGS grade for adhesive small bowel obstruction to a

multi-national patient population. World J Surg. 2018;42(11):3581-8.

12. Behman R, Nathens AB, Mason S et al. Association of surgical intervention for adhesive small-bowel obstruction with the risk

of recurrence. JAMA Surg. 2019;154(5):413-20.

13. Medvecz AJ, Dennis BM, Wang L et al. Impact of operative management on recurrence of adhesive small bowel obstruction:

a longitudinal analysis of a statewide database. J Am Coll Surg. 2020;230(4):544-551.e1.

14. Hackenberg T, Mentula P, Leppaniemi A, Sallinen V. Laparoscopic versus open surgery for acute adhesive small-bowel

obstruction: a propensity score-matched analysis. Scand J Surg. 2017;106(1):28-33.

15. Nordin A, Freedman J. Laparoscopic versus open surgical management of small bowel obstruction: an analysis of clinical

outcomes. Surg Endosc. 2016;30(10):4454-63.

DANISH MEDICAL JOURNALDANISH MEDICAL JOURNAL

8/9

mailto:henry.george.smith@regionh.dk


16. Sallinen V, Di Saverio S, Haukijarvi E et al. Laparoscopic versus open adhesiolysis for adhesive small bowel obstruction

(LASSO): an international, multicentre, randomised, open-label trial. Lancet Gastroenterol Hepatol. 2019;4(4):278-86.

17. Havens JM, Columbus AB, Seshadri AJ et al. Malnutrition at intensive care unit admission predicts mortality in emergency

general surgery patients. JPEN J Parenter Enteral Nutr. 2018;42(1):156-63.

18. Lee MJ, Sayers AE, Drake TM et al. Malnutrition, nutritional interventions and clinical outcomes of patients with acute small

bowel obstruction: results from a national, multicentre, prospective audit. BMJ Open. 2019;9(7):e029235.

19. Ten Broek RPG, Krielen P, Di Saverio S et al. Bologna guidelines for diagnosis and management of adhesive small bowel

obstruction (ASBO): 2017 update of the evidence-based guidelines from the world society of emergency surgery ASBO

working group. World J Emerg Surg. 2018;13:24.

20. Peacock O, Bassett MG, Kuryba A et al. Thirty-day mortality in patients undergoing laparotomy for small bowel obstruction.

Br J Surg. 2018;105(8):1006-13.

DANISH MEDICAL JOURNALDANISH MEDICAL JOURNAL

9/9


	Inter-hospital variation in management of patients with small bowel obstruction in Denmark
	ABSTRACT
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES

