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Abstract 
Introduction: The Macklin effect refers to alveolar rupture with dissection of air along 
the broncho vascular sheaths into the mediastinum, producing pneumomediastinum and 
potentially extensive extra-thoracic air collections. Pneumoperitoneum following blunt 
trauma is usually considered evidence of hollow viscus perforation and often mandates 
exploratory laparotomy. However, rare cases of non-surgical pneumoperitoneum 
secondary to the Macklin effect have been described. We report a unique case of trauma-
associated Macklin effect with extensive subcutaneous emphysema, pneumoperitoneum, 
and mesenteric pneumatosis in which no bowel perforation was identified during initial 
exploration, followed by delayed sigmoid colon perforation requiring re-exploration. 
Case Presentation: A 36-year-old male sustained blunt polytrauma following an alleged 
road traffic accident or assault. He suffered head injury, facial trauma, and abdominal 
trauma. Four days after injury, he underwent open reduction and internal fixation of a left 
zygomatic arch fracture. During the postoperative period, he developed progressive 
abdominal pain and distension while continuing to pass stools and flatus. Examination 
revealed extensive subcutaneous emphysema involving the chest wall, anterior 
abdominal wall, and scrotum. Abdominal radiography demonstrated massive 
pneumoperitoneum. Emergency exploratory laparotomy revealed no evidence of hollow 
viscus perforation. Multiple air pockets were noted within the mesentery suggestive of 
pneumatosis intestinalis. The pneumoperitoneum was attributed to trauma-associated 
Macklin effect. On postoperative day 5, feculent discharge was observed from the pelvic 
drain. Re-exploration demonstrated sigmoid colon perforation with localized 
contamination. A transverse loop colostomy was performed. The patient subsequently 
improved. Discussion: This case highlights the diagnostic challenge posed by massive 
pneumoperitoneum without demonstrable bowel injury. The coexistence of extensive 
subcutaneous emphysema, scrotal emphysema, and mesenteric air strongly supports air 
tracking secondary to the Macklin effect. Delayed perforation may have resulted from 
progressive ischemic bowel injury, pneumatosis intestinalis-related mural compromise 
which led to colonic injury. To our knowledge, reports describing delayed sigmoid 
perforation following Macklin-effect-associated pneumoperitoneum are exceedingly rare. 
Conclusion: Trauma surgeons should recognize that massive pneumoperitoneum may 
occasionally occur without immediate hollow viscus perforation. However, the presence 

 

https://theinternationalmedicine.com/
mailto:ameya18_wagh@hotmail.com


 

Citation: Wagh AT, Bhamre AS, Shinde SS, Kanke NK, Gattani AD, Palikondawar SS, et al. Delayed sigmoid colon perforation 
following trauma-associated Macklin effect presenting as massive pneumoperitoneum without initial hollow viscus injury: a rare 
case report. Int. J. Med., 2026;8(7):1021-1028. 

International Journal of Medicine                             1022 
 

of pneumatosis intestinalis warrants close surveillance because delayed bowel ischemia 
and perforation may occur despite an initially negative laparotomy. 
 

Keywords: Macklin effect, Pneumoperitoneum, Blunt thoracic trauma, 
Pneumomediastinum, Subcutaneous emphysema 
  

 This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

 
INTRODUCTION 
The Macklin effect was first described as a pathophysiological process in which alveolar rupture results in air dissection 

along peri bronchial and perivascular sheaths toward the mediastinum. This phenomenon is increasingly recognized 

following blunt thoracic trauma and may manifest as pneumomediastinum, subcutaneous emphysema, 

pneumopericardium, retroperitoneal air, and, rarely, pneumoperitoneum. [1 - 3]. In trauma patients, pneumoperitoneum is 

traditionally regarded as a hallmark of hollow viscus perforation requiring urgent surgical intervention. Nevertheless, 

several non-surgical causes of pneumoperitoneum have been reported, including thoracic barotrauma, mechanical 

ventilation, pneumomediastinum, and the Macklin effect. [4 - 7]. The present case is noteworthy because the patient 

developed massive pneumoperitoneum with extensive subcutaneous emphysema and mesenteric pneumatosis without 

evidence of bowel perforation during initial laparotomy, followed by delayed sigmoid colon perforation requiring re-

operation. This unusual sequence provides important insights into the diagnostic dilemmas associated with traumatic 
pneumoperitoneum. 

 

CASE PRESENTATION  
A 36-year-old male with no known comorbidities came with complaints of abdominal pain and distension since 2 days   

The patient sustained polytrauma 6 days prior (road traffic accident or assault; history unreliable), involving head, face, 

chest and abdomen. Diagnosed with left zygomatic arch fracture and underwent ORIF for the same under general 

anaesthesia 3 days after injury. 

 

In the postoperative period, he developed: 

 Progressive abdominal pain and distension 

 Continued passage of stools and flatus 

 

He subsequently developed: 

 Subcutaneous emphysema over chest wall 

 Subcutaneous crepitus over anterior abdominal wall and scrotum 

 Family and past history was not significant 
  

On Clinical Examination 

 Abdomen: Distended 

 Subcutaneous crepitus over chest, abdomen, and scrotum 

 No clear signs of generalized peritonitis 

 

Investigations: 
 

 
Fig 1: X-ray abdomen erect:  pneumoperitoneum 
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 HRCT thorax: Pneumomediastinum without pneumothorax 

 Emergency exploratory laparotomy was performed. 

 

Intraoperative findings: 

 No bowel perforation, no stool contamination 

 liver laceration with no active bleeding with moderate Hemoperitoneum 

 Multiple air pockets within mesentery 

 Peritoneal wash given, abdominal drain placed  

 

The patient initially recovered following laparotomy. 

 

 
Fig 2: Post-operative clinical photo of the patient: 

 

 However, on postoperative day 5, feculent material was noted in the pelvic drain.  Clinical suspicion of delayed bowel 

perforation was suspected, patient taken for emergency laparotomy. At re-laparotomy, a perforation involving the sigmoid 

colon was identified with localized contamination.  

 

The affected segment was managed by diversion with a transverse loop colostomy.  Thorough peritoneal lavage and 

drainage were performed. 

 

The patient’s subsequent postoperative course was satisfactory. 

 

 
Fig 3: Intra-operative photo showing sigmoid colon perforation: 
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Fig 4: Post-Operative photo after re -exploration  : 

 

Post-operative follow up: 
Patient was discharged on post op day 15 after suture removal. 

  

 
Fig 5: Follow up after discharge on post op day 30 

 

Incision site was healthy and Stoma was functioning. 

 

DISCUSSION 
The Macklin effect is increasingly recognized in trauma imaging and results from alveolar rupture secondary to a sudden 

increase in intrathoracic pressure. Escaped air dissects through broncho vascular planes into the mediastinum and may 

subsequently extend into the neck, chest wall, retroperitoneum, and peritoneal cavity. [8] 
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Fig 6: Illustration of Pneumoperitoneum 

 

The presence of extensive subcutaneous emphysema involving the chest wall, abdominal wall, and scrotum in our patient 

strongly supports the possibility of widespread air dissection. The absence of bowel perforation during the first laparotomy 

despite massive pneumoperitoneum is consistent with a non-surgical source of free intraperitoneal air. [9] 

 

An intriguing feature of this case was the presence of multiple mesenteric air pockets suggestive of pneumatosis intestinalis. 

Pneumatosis intestinalis represents gas within the bowel wall and may result from mucosal disruption, ischemia, increased 

intraluminal pressure, bacterial gas production, or air dissection from extra-intestinal sources. [10] 

 

Exact Mechanism of Macklin Effect is discussed below  : 

 
Fig 7: Macklin Effect 
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1. Alveolar rupture 

 Increased intra-alveolar pressure causes rupture of alveoli. 

 Air escapes into the pulmonary interstitium 

 

2. Air tracks along broncho vascular sheaths (Macklin effect) 

 Air moves centripetally along perivascular and peri bronchial connective tissues. 

 Reaches the mediastinum. 

 

3. Pneumomediastinum develops 
* Free air accumulates around: 

 Heart 

 Great vessels 

 Trachea 

 Esophagus 

From here air can spread in multiple directions. 

 

Route A: Pneumomediastinum → Peritoneal cavity 

4. Air passes through diaphragmatic openings 
Air travels through: 

 Esophageal hiatus 

 Aortic hiatus 

 Caval opening 

 Small congenital or acquired diaphragmatic defects 

 

5. Pneumoperitoneum 

 Air enters the peritoneal cavity. 

 Free intraperitoneal gas accumulates beneath the diaphragm. 

 
Route B: Pneumomediastinum → Retroperitoneum 

 

6. Air dissects downward through fascial planes 

 Air follows: 

 Periesophageal tissue 

 Periaortic tissue 

 Great vessel sheaths through the diaphragmatic hiatuses. 

  

7. Air dissects in retroperitoneum 

 Air reaches the retroperitoneal space around: 

 Kidneys 

 Pancreas 

 Duodenum 

 Ascending and descending colon 

 Major vessels 

 
Route C: Retroperitoneum → Mesentery 

8. Air spreads into mesenteric root 

 Retroperitoneal fascial planes communicate with the mesenteric root. 

 Air tracks along: 

 Mesenteric vessels 

 Connective tissue of mesentery 

 

9. Mesenteric emphysema 

 Air accumulates within mesenteric tissues. 

 

10. Pneumatosis intestinalis 

 Air enters: 

 Subserosal layer of bowel wall 
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 Submucosal layer of bowel wall 

 

Result: 

 Multiple gas cysts appear in the intestinal wall. 

 This is called pneumatosis intestinalis. 

 

Route D: Retroperitoneum → Scrotum 

11. Air follows fascial planes to pelvis 

 Air descends through: 

 Retroperitoneal tissues 

 Pelvic extraperitoneal spaces 

 

12. Air enters inguinal canal 

 Tracks along: 

 Spermatic cord 

 Vas deferens 

 Testicular vessels 

 

13. Pneumoscrotum 

 Air reaches the scrotal sac. 

 Scrotum becomes: 

 Swollen 

 Crepitant on palpation 

 

Several explanations may account for the delayed sigmoid perforation: [11] 

1. Delayed ischemic injury secondary to bowel wall compromise associated with pneumatosis intestinalis. 

2. Progressive transmural necrosis of an initially viable bowel segment. 

3. Missed occult seromuscular injury following blunt trauma that evolved into full-thickness perforation. 
4. Mesenteric vascular injury causing delayed ischemic perforation. 

 

Among these possibilities, delayed ischemic injury associated with pneumatosis intestinalis appears plausible because no 

perforation was demonstrable during the initial laparotomy despite careful examination. [12] Many abdominal trauma cases 

can lead to such surgical dilemmas; a high level of suspicion and prompt management is required. [13,14] 

 

This case underscores an important surgical lesson. A negative exploratory laparotomy in the setting of traumatic 

pneumoperitoneum does not completely eliminate the possibility of subsequent bowel perforation, particularly when 

pneumatosis intestinalis is present. Such patients require vigilant postoperative monitoring and a low threshold for re-

imaging or re-exploration. 

 

CONCLUSION 
Massive pneumoperitoneum after blunt trauma is generally considered indicative of hollow viscus injury. However, rare 

cases may occur secondary to the Macklin effect without immediate gastrointestinal perforation. The coexistence of 

extensive subcutaneous emphysema and mesenteric pneumatosis should alert clinicians to the possibility of air dissection 

from thoracic sources. Nevertheless, delayed bowel ischemia and perforation may occur despite an initially negative 

laparotomy. Close postoperative surveillance is therefore essential in such patients. 
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