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Abstract

Background
Early recognition of major postoperative complications after bariatric surgery remains challenging. This
study evaluated the diagnostic performance of early postoperative clinical and laboratory abnormalities.

Methods
A multicenter retrospective cohort study included 9,182 consecutive adults who underwent primary or
revisional bariatric surgery at four tertiary centers between September 2016 and December 2020.
Prespecified thresholds for routinely monitored postoperative clinical and laboratory parameters were
evaluated.

Results
Among 9,182 patients, 87 (0.95%) developed major postoperative complications. Oxygen desaturation
(SpO₂ ≤94%) was the strongest independent predictor (adjusted OR 28.88, 95% CI 14.08–59.24),
followed by revisional surgery (adjusted OR 14.94, 95% CI 6.45–34.61), tachypnea, leukocytosis, anemia,
severe postoperative pain, older age, and prolonged operative time. Oxygen desaturation demonstrated
the highest diagnostic performance (specificity 99.3%; positive likelihood ratio [PLR], 106.7), while severe
anemia (Hb ≤ 10 g/dL), fever (≥ 38°C), and severe postoperative pain also showed excellent rule-in
performance (PLRs 10.3, 87.0, and 6.9, respectively). In contrast, tachycardia and tachypnea were
sensitive but poorly specific screening indicators. Based on these findings, a practical bedside risk
stratification framework integrating baseline procedural risk and early postoperative abnormalities was
developed to support timely escalation of care. Internal bootstrap validation demonstrated excellent
discrimination (optimism-corrected AUC 0.957) with minimal model optimism.

Conclusions
Major postoperative complications are characterized by physiologic and laboratory abnormalities.
Oxygen desaturation, severe anemia, fever, and severe postoperative pain provide highly specific bedside
indicators that should prompt early diagnostic evaluation. A structured postoperative assessment
framework incorporating these variables may facilitate earlier recognition, timely intervention, and
improved patient outcomes.

Trial Registration
ClinicalTrials.gov Identifier: NCT03556995
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Introduction
The global burden of obesity continues to rise, contributing substantially to morbidity, mortality, and
health care utilization worldwide [1]. In parallel, the rapid expansion of pharmacologic therapies,
particularly glucagon-like peptide-1 receptor agonists, has reshaped obesity management and
underscores the need for robust data to guide safety and evidence-based decision-making across
treatment modalities [2, 3]. Despite advances in medical therapy, bariatric surgery remains the most
effective intervention for durable weight loss [4] and is associated with sustained reductions in obesity-
related comorbidity and all-cause mortality [5].

Although perioperative care has improved, early postoperative complications remain clinically
consequential. Patients with severe obesity have physiologic characteristics that may obscure early
recognition of complications [6]. Major events still contribute to morbidity, unplanned reoperation,
prolonged hospitalization, and intensive care unit admission [7], and delays in diagnosis are associated
with worse outcomes and increased resource use [8]. The early postoperative period is also
characterized by physiologic changes that can mimic complications, including tachycardia, low-grade
fever, discomfort, nausea, and transient respiratory changes [9, 10]. These findings may be subtle or
atypical even when they represent early signals of serious pathology such as leak, hemorrhage,
pulmonary embolism, abscess, or bowel obstruction [11].

Most prior bariatric studies have emphasized incidence, procedure-related risk factors, or comparisons
between techniques [12]. Less attention has been directed toward the bedside presentation of early
complications, leaving clinicians to rely on subjective judgment that may delay evaluation [13]. This
challenge is amplified by altered physiology and atypical inflammatory responses in bariatric populations
[14]. In addition, cognitive and system factors may normalize deviations from expected recovery and
delay escalation [15], particularly when symptoms are considered “typical” after surgery [10]. Multicenter
analyses can improve generalizability by capturing heterogeneity in patients and perioperative practices
[16, 17].

Despite the widespread use of early warning signs, there is no standardized, evidence-based framework
defining which postoperative abnormalities should trigger escalation of care after bariatric surgery,
resulting in variability in clinical decision-making and potential delays in diagnosis. Therefore, this study
evaluated the diagnostic performance of early postoperative clinical signs and laboratory abnormalities
for the early recognition of major postoperative complications.

Materials and Methods

Study Design and Ethical Approval
Among 9,664 consecutive bariatric procedures performed between September 2016 and December
2020, 9,182 patients met the inclusion criteria and were included in the study. Surgical volume varied
across the four participating centers (northern, 3,153; southern, 1,104; central, 3,357; suburban, 1,568). A
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total of 482 patients (5.0%) were excluded because of incomplete postoperative vital sign or laboratory
data required for the diagnostic-performance analyses.

The study protocol was approved by the local ethics committee (Helsinki approval 2015073), registered
at ClinicalTrials.gov (NCT03556995), and the requirement for written informed consent was waived
because of the retrospective design and use of de-identified data.

Study Population
Eligible patients were consecutive adults undergoing primary or revisional bariatric surgery at the four
participating centers between September 2016 and December 2020, without restriction according to sex,
body mass index, or procedure type.

Data Collection
Data were extracted from electronic medical records using MDClone (MDClone Ltd., Beer Sheva, Israel),
a validated platform for structured querying and de-identification.

The following variables were extracted a priori from the electronic medical records: demographic
characteristics (age, sex, BMI), operative characteristics (procedure type, revisional status, operative
time), postoperative clinical variables (heart rate, respiratory rate, temperature, oxygen saturation, pain
score, vomiting/oral intolerance), laboratory parameters (white blood cell count and hemoglobin), and
clinical outcomes (complications, reoperation, mortality).

Postoperative values were recorded during the index hospitalization. Missing data accounted for less
than 5% of observations for all variables; therefore, complete-case analysis was considered appropriate.

Baseline comorbidities, including hypertension, diabetes mellitus, obstructive sleep apnea (OSA),
gastroesophageal reflux disease, asthma, atrial fibrillation, ischemic heart disease, and nonalcoholic
fatty liver disease, were recorded. Perioperative variables included revisional surgery, concomitant
procedures, and routine postoperative thromboprophylaxis according to institutional protocols.

Definitions and Outcomes
The primary outcome was the occurrence of early major postoperative complications during the index
hospitalization that required diagnostic or therapeutic intervention. Early postoperative complications
were defined as events occurring during the index hospitalization, typically within postoperative days 0–
2 before discharge. Major complications were predefined a priori and included anastomotic leak, intra-
abdominal bleeding, intra-abdominal abscess, bowel obstruction, severe infections, severe respiratory
complications, and other events requiring reoperation or invasive intervention. Isolated superficial
surgical site infections were excluded from the diagnostic-performance analyses.
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Thresholds for postoperative clinical and laboratory abnormalities were prespecified a priori based on
published bariatric literature, ERAS recommendations, commonly used early warning systems, and
institutional postoperative monitoring protocols.

Evaluated variables included heart rate ≥ 100 and ≥ 110 beats/min, respiratory rate ≥ 24 and ≥ 30
breaths/min, temperature ≥ 38.0°C, white blood cell count ≥ 14,000/mm³, hemoglobin ≤ 12 g/dL and ≤ 10
g/dL (with hemoglobin ≤ 10 g/dL defining severe anemia), oxygen saturation (SpO₂) ≤ 94%, and pain
score ≥ 6 on a 10-point visual analog scale (VAS).

Oxygen desaturation was defined as a persistent SpO₂ ≤94% documented on at least two consecutive
measurements during routine postoperative monitoring. Pulse oximetry was performed according to
institutional practice, and supplemental oxygen was administered when clinically indicated. Hemoglobin
values used for diagnostic analyses corresponded to the first postoperative laboratory assessment
obtained during the index hospitalization.

Pain intensity was assessed using a 10-point VAS beginning on postoperative day 1 after
implementation of the institutional postoperative analgesic protocol, thereby minimizing confounding
related to immediate anesthetic recovery.

Postoperative monitoring, including assessment of vital signs, laboratory parameters, and pain scores,
was performed according to similar institutional protocols across the participating centers. Only the first
abnormal postoperative value recorded before diagnostic imaging, reoperation, or other therapeutic
intervention for a suspected complication was included in the analyses, ensuring evaluation of bedside
indicators for early recognition rather than post diagnostic findings.

Statistical Analysis
Continuous variables are presented as mean (SD) or median (IQR), and categorical variables as
frequency (percentage). Groups were compared using Student’s t test or Mann–Whitney U test for
continuous variables and χ² or Fisher exact test for categorical variables. For each sign/abnormality,
sensitivity, specificity, likelihood ratios, and 95% CIs were calculated. Multivariable logistic regression
evaluated independent predictors; covariates were prespecified (age, sex, BMI, ASA class, procedure
type, revisional status, operative time, and postoperative variables).

Variables included in the multivariable model were selected a priori based on clinical relevance and
previous literature rather than univariate significance alone. Internal validation of the multivariable model
was performed using bootstrap resampling to estimate model optimism and calibration.

Two-sided P < .05 was considered statistically significant. Analyses were performed with SPSS (version
23, IBM Corp., Armonk, NY, USA).

Results
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Study population
The study included 9,182 consecutive patients undergoing bariatric surgery during the study period. The
mean age was 40.5 years, with a predominance of female patients. The cohort was characterized by
severe obesity (mean BMI 41.0 kg/m²) and short operative times, reflecting a predominantly elective,
minimally invasive surgical population.

Laparoscopic single-anastomosis gastric bypass and laparoscopic sleeve gastrectomy accounted for
more than 90% of all procedures, and ~ 7% of patients underwent revisional surgery. Obesity-related
comorbidities were highly prevalent, particularly dyslipidemia, metabolic syndrome, and nonalcoholic
fatty liver disease (Table 1).
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Table 1
Baseline demographic characteristics.

Continuous Variable Mean ± SD (N 9182)

Age (Years) 40.48 ± 12.07

Height (m) 1.66 ± 0.09

Weight (kg) 113.93 ± 18.44

BMI (kg/m2) 41.01 ± 4.87

Operative time (minutes) 79.92 ± 25.03

Length of hospital stay (days) 2.30 ± 1.37

Categorical variables Number (%)

Sex  

Male 2618 (28.51%)

Female 6564 (71.49%)

ASA class 1 742 (8.08%)

ASA class 2 6689 (72.85%)

ASA class 3 1734 (18.88%)

ASA class 4 17 (0.19%)

Type of bariatric surgery  

LBPD/DS/SADI 16 (0.17%)

LSAGB 5836 (63.56%)

LSG 2794 (30.46%)

LRYGB 531 (5.78%)

Open RYGB 2 (0.02%)

Open SAGB 2 (0.02%)

LBPD Conversion to open 1 (0.01%)

Revisional surgery  

S/P LSG 9 (0.10%)

S/P LAGB 617 (6.71%)

Values are presented as mean ± standard deviation for continuous variables and number
(percentage) for categorical variables.
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Continuous Variable Mean ± SD (N 9182)

S/P SRVG 3 (0.03%)

S/P SAGB 1 (0.01%)

Other simultaneous procedures  

Repair of hiatal hernia 678 (7.38%)

Cholecystectomy 526 (5.73%)

Umbilical hernia repair 40 (0.44%)

Ventral hernia repair 51 (0.56%)

Adhesiolysis 11 (0.12%)

Epigastric hernia repair 5 (0.05%)

Liver biopsy 8 (0.09%)

Femoral Hernia Repair 1 (0.01%)

Appendectomy 1 (0.01%)

Excision of lipoma 3 (0.03%)

Heller Myotomy 1 (0.01%)

Comorbidities  

HTN 3372 (36.72%)

Hyperlipidemia 5724 (62.34%)

NIDDM 2997 (32.64%)

NAFLD 5365 (58.43%)

OSA 3552 (38.69%)

Metabolic Syndrome 4709 (51.28%)

GERD 3619 (39.41%)

Asthma 428 (4.66%)

Chronic atrial fibrillation 298 (3.25%)

Ischemic heart disease 804 (8.76%)

Values are presented as mean ± standard deviation for continuous variables and number
(percentage) for categorical variables.

Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body
mass index; LSAGB, laparoscopic single-anastomosis gastric bypass; LSG, laparoscopic sleeve
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gastrectomy; LRYGB, laparoscopic Roux-en-Y gastric bypass; LBPD/DS/SADI, laparoscopic
biliopancreatic diversion/duodenal switch/single-anastomosis duodeno-ileal bypass; OSA, obstructive
sleep apnea; NAFLD, nonalcoholic fatty liver disease; GERD, gastroesophageal reflux disease.

Comparison groups
Patients who developed major postoperative complications were significantly older than those without
complications (p<.001). Operative time was also markedly longer in the complication group, indicating
greater procedural complexity (p<.001).

In contrast, baseline surgical risk as assessed by ASA class and the degree of obesity were not
associated with the occurrence of complications. Neither ASA score nor BMI differed significantly
between groups.

Revisional surgery was strongly associated with early complications, occurring in approximately one-fifth
of complicated cases compared with less than 6% of uncomplicated cases (p<.001). With respect to
procedure type, Roux-en-Y gastric bypass and biliopancreatic diversion were more frequently associated
with complications, whereas laparoscopic sleeve gastrectomy was less frequent among complicated
cases (Table 2).

Table 2
Comparison between patients with and without early postoperative complications.

Continuous variables No complications N = 9095 Complications N = 87 p-value

Mean ± SD Mean ± SD

Age (years) 40.37 ± 12.50 47.87 ± 11.35 < .001

ASA class 2.11 ± 0.51 2.11 ± 0.45 .95

BMI (kg/m2) 41.00 ± 4.86 40.26 ± 5.40 .18

Operative time (min) 79.57 ± 23.85 118.76 ± 75.33 < .001

Categorical Variables N (%) N (%)  

Revisional surgery 543 (5.97%) 17 (19.54%) < .001

RYGB 524 (5.76%) 9 (10.34%) .048

SAGB 5780 (63.55%) 58 (67.82%) .42

LSG 2775 (30.51%) 19 (20.69%) .06

BPD 16 (0.18%) 1 (1.15%) .041

Values are presented as mean ± SD for continuous variables and number (percentage) for categorical
variables. P values were calculated using the independent-samples t-test for continuous variables
and the χ² or Fisher exact test for categorical variables, as appropriate.
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Abbreviations: ASA, American Society of Anesthesiologists physical status classification; BMI, body
mass index; MIN, minutes; RYGB, Roux-en-Y gastric bypass; SAGB, single-anastomosis gastric bypass;

LSG, laparoscopic sleeve gastrectomy; BPD, biliopancreatic diversion.

Diagnostic performance
Early postoperative abnormalities in vital signs and laboratory parameters were strongly associated with
the occurrence of complications (Fig. 1). Tachycardia (heart rate ≥ 100 beats/min) was present in 91.9%
of patients with complications compared with 78.3% of uncomplicated patients (p=.002), whereas a
higher threshold (heart rate ≥ 110 beats/min) showed only a modest difference between groups (33.3%
vs 24.3%, p=.050).

Tachypnea (respiratory rate ≥ 24 breaths/min) occurred in 57.5% of complicated cases compared with
38.0% of uncomplicated cases (p<.001), while respiratory rates ≥ 30 breaths/min were less
discriminatory (19.5% vs 13.0%, p=.072).

Fever (temperature ≥ 38°C) was observed in 64 patients (0.7%) without complications and in 6 patients
(6.9%) with complications (p<.001).

Laboratory and gas-exchange abnormalities demonstrated the strongest associations. Leukocytosis
(WBC 14,000/mm³) was present in 60.9% of patients with complications compared with 27.1% of those
without complications during the index hospitalization (p<.001). Oxygen desaturation (SpO2) showed the

largest absolute difference, occurring in 74.7% of complicated cases and in only 0.73% of uncomplicated
patients during the index hospitalization (p<.001).

Similarly, anemia was highly prevalent among complicated patients, with hemoglobin ≤ 12 g/dL in 79.3%
and ≤ 10 g/dL in 50.6%, compared with 33.4% and 4.9% of uncomplicated patients, respectively (both
p<.001).

Severe postoperative pain (VAS ≥ 6) was observed in 57.5% of patients with complications and in 8.4% of
those without complications (p<.001).

The diagnostic performance of early postoperative clinical and laboratory indicators is presented in
Table 3. Oxygen desaturation (SpO₂ ≤94%) was the most informative bedside indicator of major
postoperative complications, demonstrating excellent rule-in performance (positive likelihood ratio [PLR],
106.7). Severe anemia (Hb ≤ 10 g/dL), fever (≥ 38°C), and severe postoperative pain (VAS ≥ 6) also
demonstrated strong diagnostic utility, whereas leukocytosis and mild anemia provided modest rule-in
value. In contrast, tachycardia and tachypnea exhibited limited diagnostic performance when considered
individually despite their relatively high sensitivity.
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Table 3
Diagnostic Performance of Early Postoperative Clinical and Laboratory Indicators for Predicting Major

Postoperative Complications After Bariatric Surgery.
Variable Sensitivity % Specificity % PLR Clinical interpretation

HR ≥ 100 bpm 92.0 21.7 1.18 Poor discrimination

HR ≥ 110 bpm 33.3 75.7 1.37 Poor discrimination

RR ≥ 24 /min 57.5 62.0 1.51 Limited discrimination

RR ≥ 30 /min 19.5 87.0 1.50 Limited discrimination

WBC ≥ 14,000
mm3

60.9 72.9 2.25 Modest rule-in

Fever ≥ 38°C 6.9 99.3 9.86 Strong rule-in

SpO₂ ≤94% 74.7 99.3 106.7 Excellent rule-in

Hb ≤ 12 g/dL 79.3 66.6 2.37 Modest rule-in

Hb ≤ 10 g/dL 50.6 95.1 10.33 Strong rule-in

Pain VAS ≥ 6 57.5 91.6 6.85 Moderate rule-in

Sensitivity, specificity, and positive likelihood ratios were calculated for each prespecified
postoperative clinical and laboratory abnormality using major postoperative complications as the
reference standard (87 patients with complications and 9,095 without complications). Oxygen
desaturation (SpO₂ ≤94%), severe anemia (Hb ≤ 10 g/dL), fever (≥ 38°C), and severe postoperative
pain (VAS ≥ 6) demonstrated the greatest rule-in value, whereas tachycardia and tachypnea showed
limited diagnostic utility when considered individually.

Abbreviations: PLR, positive likelihood ratio; HR, heart rate; RR, respiratory rate; WBC, white blood cell
count; Hb, hemoglobin; SpO2, Peripheral oxygen saturation; VAS, Visual Analog Scale; PLR, positive

likelihood ratio.

Univariate and Multivariable Predictors of Major
Postoperative Complications
In univariate analysis, increasing age (OR, 1.04 per year; 95% CI, 1.03–1.06; P<.001) and longer operative
time (OR, 1.012 per minute; 95% CI, 1.008–1.016; P<.001) were significantly associated with major
postoperative complications (Fig. 2). Revisional surgery was the strongest baseline predictor (OR, 12.8;
95% CI, 6.1–26.8; P<.001), whereas sex, body mass index, and ASA class were not significantly
associated with complication risk. Among postoperative variables, oxygen desaturation (SpO₂ ≤94%)
demonstrated the strongest association (OR, 32.1; 95% CI, 17.8–57.9; P<.001), followed by tachypnea,
leukocytosis, severe postoperative pain, tachycardia, and anemia.

In multivariable logistic regression (Fig. 3), increasing age and prolonged operative time remained
independently associated with complications. Revisional surgery remained the strongest baseline
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predictor (adjusted OR [aOR], 14.94; 95% CI, 6.45–34.61; P<.001), while oxygen desaturation was the
strongest independent postoperative predictor (aOR, 28.88; 95% CI, 14.08–59.24; P<.001). Tachypnea,
leukocytosis, anemia, and severe postoperative pain also remained independently associated with
complications, whereas sex, body mass index, ASA class, surgical procedure, and tachycardia were no
longer independently associated. Overall, the coexistence of multiple postoperative abnormalities was
associated with a substantially greater likelihood of major complications than isolated findings,
supporting a cumulative risk approach to postoperative assessment.

Clinical framework
A total of 93 (1.01%) patients suspected to developed major postoperative clinical findings suggestive of
major complications. Of these, 87 fulfilled the prespecified criteria and were included in the diagnostic-
performance analyses. Six patients were excluded because their clinical abnormalities were ultimately
attributed to pre-existing systemic comorbidities rather than to a postoperative surgical complication.
Based on the clinical suspicion of a major surgical complication, 71 patients (0.77% of the cohort)
underwent surgical exploration. Intraoperative pathology confirming the suspected diagnosis was
identified in 61 patients (85.9%), whereas 10 patients (14.1%) underwent negative explorations without
identifiable surgical pathology.

Internal validation of the multivariable prediction model was performed using bootstrap resampling. In
the complete-case cohort of 8,335 patients, including 61 confirmed major complications, the model
demonstrated excellent discrimination, with an apparent AUC of 0.960 and an optimism-corrected AUC
of 0.957. Calibration remained acceptable after bootstrap correction, with an optimism-corrected
calibration slope of 0.935 and an optimism-corrected Brier score of 0.0057, indicating minimal model
optimism and no substantial overfitting.

The most common complications were postoperative bleeding (0.35%) and anastomotic leak (0.22%);
bowel obstruction was rare (0.07%), and infectious events, pneumonia, intra-abdominal abscess, were
uncommon (Table 4). Pulmonary aspiration and pneumonia each occurred in 0.02%, and other medical
complications (pancreatitis, pericarditis, ureterolithiasis) each occurred in < 0.02%. Six patients (0.06%)
required ICU admission, and there was one death (0.01%) after revisional surgery due to an anastomotic
leak.
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Table 4
Early postoperative Complications after bariatric surgery

A. Clinically diagnosed postoperative complications

Complication N Percent

Anastomotic leak 20 0.22%

Abdominal bleeding 32 0.35%

Small bowel obstruction 6 0.07%

Small bowel perforation 1 0.01%

Pulmonary aspiration 2 0.02%

Atelectasis 4 0.04%

Pneumonia 4 0.04%

Pancreatitis 1 0.01%

Pancreatic tail injury 1 0.01%

Diaphragmatic laceration 1 0.01%

Intra-abdominal abscess 2 0.02%

Gastrojejunal stricture 2 0.02%

Incisura angularis stricture 2 0.02%

Deep wound infection 1 0.01%

Pericarditis 1 0.01%

Obstructive ureterolithiasis 1 0.01%

Large bowel volvulus 1 0.01%

Vomiting 4 0.04%

Superficial site infection 6 0.06%

Allergic reaction 1 0.01%

B. Surgical re-exploration outcomes

Outcome N Percent

Values are presented as number of patients (N) and percentage of the total cohort (N = 9,182).
Percentages were calculated using the entire study population as the denominator. Clinically
diagnosed complications represent adverse events identified during the index hospitalization.
Surgical re-exploration outcomes are reported separately and include positive revisions (with
intraoperative pathological findings) and negative explorations (no intraoperative abnormality
identified). Superficial surgical site infections were not included in diagnostic-performance analyses.

Page 13/26



A. Clinically diagnosed postoperative complications

Complication N Percent

Positive revision surgery 61 0.66%

Negative explorations 10 0.11%

Values are presented as number of patients (N) and percentage of the total cohort (N = 9,182).
Percentages were calculated using the entire study population as the denominator. Clinically
diagnosed complications represent adverse events identified during the index hospitalization.
Surgical re-exploration outcomes are reported separately and include positive revisions (with
intraoperative pathological findings) and negative explorations (no intraoperative abnormality
identified). Superficial surgical site infections were not included in diagnostic-performance analyses.

Based on the independent predictors and diagnostic performance identified in the present study, a
proposed clinical framework integrating baseline procedural risk factors and early postoperative clinical
abnormalities was developed to facilitate bedside risk stratification and timely escalation of care
(Table 5).
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Table 5
Proposed Clinical Framework for Early Recognition and Escalation of Major Postoperative Complications

After Bariatric Surgery.
Clinical variable Clinical significance Proposed

points

SpO₂ ≤94% Very high-risk indicator; immediate diagnostic evaluation
recommended

4

Hb ≤ 10 Strong indicator of postoperative bleeding 3

Fever ≥ 38°C High-risk indicator requiring evaluation for infectious
complications

2

Pain VAS ≥ 6 Suggests evolving intra-abdominal complication when
persistent or unexplained

2

Revisional surgery Baseline risk factor associated with major postoperative
complications.

2

WBC ≥ 
14,000/mm³

Supportive indicator of systemic inflammatory response 1

Tachypnea ≥ 
24/min

Sensitive screening indicator; warrants closer observation 1

Heart rate ≥ 110
bpm

Clinical warning sign that should prompt reassessment,
particularly when associated with other abnormalities

1

Proposed risk stratification

• Low risk (0–2 points): Continue routine postoperative monitoring.

• Moderate risk (3–5 points): Increased clinical surveillance and reassessment; consider additional
laboratory tests or imaging according to the clinical scenario.

• High risk (≥ 6 points): Immediate senior surgical review and expedited diagnostic evaluation. Early
operative exploration should be considered when clinically indicated.

The proposed point allocation and risk categories are intended as a pragmatic clinical framework
derived from the relative diagnostic performance of the identified predictors. Prospective validation
is required before routine clinical implementation.

Abbreviations: SpO₂, peripheral oxygen saturation; Hb, hemoglobin; WBC, white blood cell count; VAS,
Visual Analog Scale; bpm, beats per minute.

Discussion
This study moves beyond descriptive associations by quantifying the diagnostic performance of
individual postoperative abnormalities and defining their complementary roles as screening versus rule-
in indicators in major complication detection. From a clinical perspective, these findings support a
structured escalation strategy. Isolated abnormalities such as tachycardia may warrant observation,
whereas the presence of highly specific findings, particularly oxygen desaturation, severe anemia, fever,
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or severe pain, should prompt immediate diagnostic evaluation, including imaging or early surgical
consultation. This approach may help distinguish patients requiring urgent intervention from those
undergoing expected postoperative recovery.

These findings have direct implications for postoperative decision-making, highlighting that specific
early physiologic abnormalities can identify patients at increased risk for major complications [18].

In this large multicenter cohort of more than 9,000 consecutive bariatric surgeries, we evaluated the
diagnostic performance of early postoperative clinical signs and laboratory abnormalities for the
detection of major complications. To our knowledge, this is among the largest studies to quantify the
diagnostic accuracy of individual postoperative findings using likelihood ratios and multivariable
modeling in bariatric surgery [19, 20]. The principal findings are threefold. First, major postoperative
complications were uncommon, occurring in approximately 1% of patients, but were associated with
marked physiologic and laboratory derangements; notably, this rate is lower than the previously reported
benchmark of 5.5% [21]. Second, commonly monitored vital signs such as heart rate and respiratory rate,
although highly sensitive, demonstrated limited specificity and poor rule-in value. Third, a limited set of
abnormalities, particularly oxygen desaturation, severe anemia, fever, and severe postoperative pain,
showed high specificity and strong discriminatory power, identifying patients at markedly increased risk
of clinically significant complications, consistent with prior reports [22].

Early recognition of postoperative complications after bariatric surgery remains a central challenge.
Several investigations have emphasized tachycardia as an early warning sign, particularly for
anastomotic or staple-line leaks [23, 24]. Persistent tachycardia has been incorporated into institutional
algorithms as a trigger for urgent imaging or surgical exploration [25]. However, most studies have
evaluated tachycardia qualitatively rather than as a diagnostic test with quantifiable performance
characteristics [26].

Our data refine this concept. Although tachycardia was present in more than 90% of patients with
complications, it was also observed in nearly 80% of uncomplicated patients. Consequently, its
specificity was low and its positive likelihood ratio approached unity, indicating limited diagnostic value
in isolation. This finding aligns with reports showing that postoperative tachycardia often reflects pain,
hypovolemia, atelectasis, or sympathetic activation rather than intra-abdominal pathology [26, 27]. In
broader acute care settings, tachycardia is recognized as a core component of systemic inflammatory
response and a marker of clinical deterioration, forming part of early warning and escalation systems
despite limited specificity [28]. These observations support interpreting tachycardia primarily as a
screening signal that warrants closer observation rather than a definitive indicator of complication.

Similar considerations apply to tachypnea. Although elevated respiratory rate was more frequent among
complicated patients, its diagnostic performance remained modest. Prior studies have shown that
postoperative tachypnea is often multifactorial, related to pain, anxiety, obesity hypoventilation, or
residual anesthetic effects [29], and may reflect pulmonary or systemic conditions rather than intra-
abdominal complications [30].
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In contrast, laboratory and gas-exchange abnormalities demonstrated substantially greater
discriminatory power. Leukocytosis was strongly associated with complications, consistent with prior
reports linking systemic inflammatory response to intra-abdominal infection and sepsis [25]. Although
additional biomarkers have been proposed for risk prediction, they are not routinely incorporated into
standard perioperative assessment [31, 32].

Anemia was also highly predictive, reflecting the role of postoperative bleeding as a major source of
morbidity. Importantly, anemia should not be considered an inevitable postoperative finding but
interpreted in clinical context, particularly when associated with other abnormalities [33].

Oxygen desaturation emerged as the strongest predictor in both univariate and multivariable analyses.
Even modest hypoxemia (≤ 94%) was associated with a markedly increased risk of complications.
Although hypoxemia has been linked to pulmonary and systemic pathology, these findings suggest that
it may represent an integrative signal of severe physiologic derangement, including sepsis, bleeding, or
intra-abdominal catastrophe, consistent with observations from critical care and emergency surgery
literature [34, 35].

Severe postoperative pain and fever also demonstrated high specificity and rule-in value [36]. While pain
is common after bariatric surgery, higher-intensity pain appears strongly associated with underlying
pathology. In contrast, postoperative fever alone is frequently noninfectious and should be interpreted
cautiously [37]. The proposed point allocation is intended as a pragmatic clinical framework based on
the relative strength and diagnostic performance of the identified predictors. Prospective validation is
required before routine clinical implementation.

Consistent with prior observations, complications are rarely heralded by a single isolated abnormality
[38]. Instead, patients with complications more often exhibit concurrent or evolving abnormalities,
supporting a cumulative risk paradigm. Diagnostic accuracy appears to increase when abnormalities
cluster or persist over time rather than occur transiently. Accordingly, dynamic reassessment and timely
escalation of diagnostic evaluation remain central to preventing progression to severe morbidity and
mortality [39]. Clinically significant events meeting prespecified criteria of postoperative complication,
even in the absence of definitive confirmation, should prompt early intervention to avoid catastrophic
delay [24]. Current practice in many centers continues to rely on isolated vital sign abnormalities as
triggers for imaging or surgical exploration [40], an approach that may benefit from refinement through
integration of multiple parameters.

This study’s strengths include its large, multicenter cohort of consecutive patients, minimizing selection
bias and enhancing generalizability. The use of likelihood ratios alongside odds ratios improves clinical
interpretability, and the focus on clinically significant complications strengthens relevance.

Limitations include the retrospective design and potential residual confounding. All centers were high-
volume bariatric units, which may limit generalizability. Differences in monitoring practices, supplemental
oxygen use, and documentation may have influenced diagnostic performance. External validation in
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independent cohorts is warranted to confirm generalizability and support implementation in clinical
pathways.

Taken together, these findings support a pragmatic bedside framework in which postoperative
abnormalities are stratified by diagnostic value (Fig. 4). This approach provides a structured pathway for
escalation based on the differential diagnostic value of abnormalities. High-sensitivity findings function
as screening indicators, whereas high-specificity abnormalities serve as rule-in triggers for escalation of
care. Integration of these parameters into standardized postoperative pathways may enhance diagnostic
efficiency and reduce failure-to-rescue. Future work should focus on the development and external
validation of a composite risk score to support clinical implementation.

In an era of increasing emphasis on failure-to-rescue, timely recognition of physiologic derangements
may represent the most modifiable determinant of postoperative outcomes.

Conclusions
Major early postoperative complications are characterized by distinct physiologic and laboratory
abnormalities. Although common vital sign changes serve primarily as sensitive screening indicators,
oxygen desaturation, severe anemia, fever, and severe postoperative pain provide highly specific rule-in
signals that should prompt early diagnostic evaluation and escalation of care. Integration of these
markers into a structured bedside assessment framework may facilitate earlier recognition, reduce
diagnostic delay, and improve patient outcomes.
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Figure 1

Early Postoperative Signs and Symptoms After Bariatric Surgery.

Bar graph comparing the prevalence of early postoperative signs and symptoms among patients with
and without postoperative complications. Bars indicate the percentage of patients in each group
meeting prespecified thresholds for heart rate, respiratory rate, temperature, oxygen saturation, white
blood cell count, hemoglobin, and pain score.

Abbreviations: HR, heart rate; RR, respiratory rate; WBC, white blood cell count; HGB, hemoglobin; Sat O2,
oxygen saturation; VAS, visual analog scale.
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Figure 2

Independent Predictors of Early Postoperative Complications After Bariatric Surgery.

Univariate Predictors of Early Postoperative Complications After Bariatric Surgery.

Forest plot showing crude odds ratios (ORs) with 95% CIs for variables associated with early
postoperative complications. Odds ratios are shown on a logarithmic scale; the vertical reference line
indicates an OR of 1.

Page 23/26



Figure 3

Multivariable Logistic Regression Model for Postoperative Complications.

Forest plot showing aORs with 95% CIs for factors associated with in-hospital postoperative
complications. Odds ratios are shown on a logarithmic scale; the vertical reference line indicates an
odds ratio of 1. Sleeve gastrectomy was the reference category for procedure type.
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Figure 4

Clinical Decision Pathway for Early Detection of Major Complications After Bariatric Surgery.

This figure depicts a postoperative escalation pathway based on early clinical abnormalities. In Step 1,
nonspecific findings (eg, tachycardia, tachypnea, mild symptoms) prompt close monitoring. In Step 2,
high-specificity signs—oxygen desaturation (SpO₂ ≤94%), severe anemia (hemoglobin ≤10 g/dL), fever
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(≥38 °C), or severe pain (VAS ≥6)—should trigger diagnostic evaluation or surgical consultation. In Step 3,
multiple abnormalities or rapid deterioration require immediate escalation of care and consideration of
intervention. This framework distinguishes sensitive screening findings from specific rule-in indicators to
support timely recognition of major complications.
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