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Abstract

Introduction: Several complications are reported after 
laparoscopic surgery. In this case, we underestimated small 
elevation of the right diaphragm in preoperative chest X-ray 
photograph, resulting in hypoxia due to atelectasis after 
laparoscopic surgery. 

Case presentation: A 78-year-old man underwent an 
emergent laparoscopic surgery for incarceration of right in-
guinal hernia. The preoperative chest XP showed small el-
evation of the right diaphragm, but no respiratory problem 
was noted before anesthesia. We conversed from laparo-
scopic to the open approach because of severe adhesions. 
The total duration of the laparoscopic procedure was 216 
minutes. A chest radiograph immediately after surgery show 
that the right diaphragm was significantly elevated com-
pared with the left diaphragm. We confirmed atelectasis of 
the inferior lobe of the right lung by the chest CT on the first 
postoperative day. On the second postoperative day 2, the 
patient developed postoperative delirium and rehabilitation 
was postponed. The delirium resolved with no consequence 
and we restarted rehabilitation on the fifth postoperative 
day. A chest radiograph showed that the elevation of the 
right diaphragm was not noted on the seventh postopera-
tive day. Diaphragmatic laxity was suspected in this patient 
after the surgery. 

Conclusion: We reported a case of unexpected signifi-
cant elevation of right diaphragm after laparoscopic surgery. 
Preoperative chest XP gave us a hint to image this unexpect-
ed event. However, we failed to evaluate this hint before 
anesthesia properly, resulting in postoperative atelectasis.
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Introduction

Laparoscopic surgery is a common surgical technique, but 
we encountered several complications [1]. We experienced a 
patient of unexpected significant elevation of right diaphragm 
after laparoscopic surgery. 

Usefulness of preoperative chest X-ray photograph (XP) has 
been under debate and routine chest XP is not generally recom-
mended [2,3]. However, the present case showed a small eleva-
tion of the right diaphragm in preoperative chest X-ray and we 
regretted to underestimate the small change in preoperative 
chest X-ray at our preoperative round, resulting in insufficient 
anesthetic management. 

Case presentation

A 78-year-old man (157 cm, 55 kg) underwent an emergent 
laparoscopic surgery for incarceration of right inguinal hernia. 
His past history included appendectomy 40 years ago. The pre-
operative chest XP showed small, but not significant, elevation 
of the right diaphragm (Figure 1), which was pointed out by the 
radiologist (TK). However, no respiratory problem was noted 
preoperatively. Arterial blood gas analysis in room air were as 
follows: pH: 7.389, PaO2: 86.6 mmHg, PaCO2: 44.2, bicarbonate: 
26.1, BE: 1.3. His preoperative ECG showed arterial fibrillation 
and hypertension was controlled with medications. Anesthesia 
was induced with propofol and maintained with seveflurane 
and remifentanil in Oxygen/Air (FiO2 = 0.4). Monitoring in the 
operating room included ECG, noninvasive blood pressure, per-
cutaneous oxygen saturation, end-tidal carbon dioxide concen-
tration and rectal temperature. Volume control ventilation (550 
ml) with PEEP (6 mmHg) was applied throughout the surgery. 
The patient was placed in the supine position without Tren-
delenburg tilt. After pneumoperitoneum (10 mmHg, occasion-
ally increased up to 12 mmHg), inspection was started. Because 
of severe adhesions in the area around the terminal ileum and 
cecum to the groin region, we carefully performed adhesiolysis. 
However, it took long duration for adhesiolysis, so we decided 
to converse from laparoscopic to the open approach. The total 
duration of the laparoscopic procedure was 216 minutes. The 
surgery duration was 6 h and 18 min and the anesthesia dura-
tion was 6 h and 59 min. Although arterial blood pressure was 
stable, we sometimes observed supraventricular tachycardia 
(HR > 110) and controlled heart rate with diltiazem. SpO2 was 
100 % throughout the surgery. A chest radiograph immediately 
after surgery show that the right diaphragm was significantly 
elevated compared with the left diaphragm (Figure 2). Be-
cause SpO2 was satisfactory, we discontinued remifentanil and 
sevoflurane and administered 200 mg of sugammadex. We ob-
served quick emergence and the patient’s spontaneous breath-
ing seemed to be good, so he was extubated in the operating 
room. His SpO2 was 100 % while breathing oxygen 6 L.min-1 
oxygen from a face mask after extubation, so he was trans-
ferred to the surgical ward. On the postoperative day (POD) 1, 
although we started early mobilization, his Spo2 reduced under 
90 % in room air, so breathing oxygen from a face mask was 
needed. Chest X-P on POD 1 still showed the elevation of the 
right diaphragm and we confirmed atelectasis of the inferior 
lobe of the right lung by the chest CT (Figure 3). On POD 2, he 
developed postoperative delirium, including confusion, logor-
rhea and disorientation, so rehabilitation which was scheduled 
on POD 2 was postponed. His delirium continued despite phar-
macological treatment with haloperidol. On POD 5, the delirium 

resolved with no consequence, then we restarted rehabilitation 
including standing up beside the bed and walking in the room. 
On the seventh postoperative day, SpO2 was 94~95 in room air 
and A chest radiograph showed that the elevation of the right 
diaphragm was not noted (Figure 4). Diaphragmatic laxity was 
suspected in this patient after the surgery. However, since the 
patient recovered without any adverse effects, further detailed 
examinations were omitted. 

Figure 1: Chest radiograph before anesthesia. Small elevation 
of the right diaphragm was pointed out (arrow).

Figure 2: Chest radiograph immediately after surgery. Signifi-
cant elevation of the right diaphragm was noted (arrow).
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Figure 3: Chest radiograph (A) and CT (B) on the first postoperative day. Significant 
elevation of the right diaphragm was still observed and CT clearly showed atelectasis of 
the inferior lobe of the right lung (arrow).

Figure 4: Chest radiograph on the seventh postoperative day.

Discussion

We experienced significant elevation of right diaphragm af-
ter laparoscopic surgery, although duration of the laparoscopic 
procedure was not so long, inflated pressure of pneumoperito-
neum was low and Trendelenburg tilt was not done. 

Atelectasis associated with the elevation facilitated hypoxia 
after anesthesia (Figure 2) and the patient required breathing 
oxygen from a face mask. In addition, postoperative delirium 
which developed on POD 2 made rehabilitation delayed, result-
ing in prolonged hypoxia after anesthesia. Laparoscopy causes 
splinting of the diaphragm and atelectasis after laparoscopic 
surgery is well recognized pathology [4], so one may not feel 
that this case report contributes to the extensive literature al-
ready published on this topic. However, this case might have 
potential problem in his right diaphragm before anesthesia. Al-
though our radiologist (TK) pointed out small elevation of the 
right diaphragm in the preoperative chest XP (Figure 1), we 
failed to evaluate this small event properly before anesthesia. In 
results, we regretted not to do satisfactory anesthetic manage-
ment to prevent atelectasis during anesthesia, such as higher 
PEEP, increasing tidal volume and frequent intermittent manda-

tory inflation. 

Routine preoperative chest XP is not generally recommend-
ed, because its usefulness has not been well established [2,3]. 
However, the present case showed a small hint in the preopera-
tive chest XP. If we had evaluated this hint properly, we could 
have performed better anesthetic management. In addition, we 
could clearly address the abnormal elevation after operation in 
comparison with the preoperative chest XP. It might be further 
justification of usefulness of preoperative chest XP in the pres-
ent case. Thus, although it may be limited to this case, the pre-
operative chest XP is helpful. 

 The relationship between prolonged hypoxia and delirium 
after operation is not clear. Since the patient was irritated by 
attaching the face mask, the hypoxia might trigger the develop-
ment of delirium. Thus, it might be possible that the postopera-
tive delirium would not have developed, if we had prevented 
the atelectasis. 

In conclusion, we reported a case of unexpected significant 
elevation of right diaphragm after laparoscopic surgery. Preop-
erative chest XP gave us a hint to image this unexpected event. 
However, we failed to evaluate this hint before anesthesia prop-
erly, resulting in postoperative atelectasis.
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