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ABSTRACT 

This case re port des cri bes is che mic neu ro my o pa thy of the left hind limb as a post ope ra ti ve com pli ca ti on

af ter left-si ded pneu mo nec to my for a squa mous cell car ci no ma of the left cau dal lung lobe with se con da ry

ab sces sa ti on in a cat. We hy po the si ze about the pos si ble cau ses of this post ope ra ti ve com pli ca ti on and re -

view the li te ra tu re. 

SAMENVATTING

In deze ca su ïstiek wordt een post ope ra tief ont sta ne is che mi sche neu ro my o pa thie van de link er ach ter poot
bij een kat be schre ven. De kat on der ging een link er long helf tre sec tie (pneu mo nec to mie) van we ge een
plavei sel cel tu mor met se cun dai re ab ces vor ming in de cau da le lob van de link er long. De mo ge lij ke oor -
za ken van de neu ro my o pa thie en de li te ra tuur wor den kort be schre ven.

INTRODUCTION

Pneu mo nec to my in vol ves re mo val of the left or

right side of the lung. The left side of the lung con sti -

tu tes ap proxi ma te ly 42% of the to tal lung vo lu me, the

right side 58% (Nel son and Mon net, 2003).  This pro -

ce du re is in di ca ted if all lo bes on one side are af fec ted

by the dis e a se pro cess. After left-si ded pneu mo nec to -

my, com pen sa ti on oc curs by re cruit ment of exis ting

re ser ves and re mo de ling. But if more than 50% of the

to tal lung vo lu me is re mo ved, as in right-si ded pneu -

mo nec to my, new or re ge ne ra ti ve al ve o lar-ca pil la ry

growth will also oc cur (Nel son and Mon net, 2003).

This also has been shown ex pe ri men tal ly in cats

(Ran nels and Ran nels, 1988). Indi ca ti ons for a left- or

right-si ded pneu mo nec to my are ab sces sa ti on, ne o pla -

sia or ex ten si ve trau ma (Nel son and Mon net, 2003).

Pneu mo nec to mies in cats in cli ni cal ca ses have been

des cri bed for ne opla sia (Cle ments et al., 2004; Lip tak et

al., 2004). The cat in the first case re port un der went a

left-si ded pneu mo nec to my for re sec ti on of a well-dif fe -

ren ti a ted pul mo na ry ade no car ci no ma (Cle ments et al.,

2004). In the se cond case re port, the cat un der went

left-si ded pneu mo nec to my for ex plo ra ti on of a left cau -

dal lung lobe mass. His to lo gy re ve a led a pul mo na ry

squa mous cell car ci no ma (Lip tak et al., 2004).

Lung lobe ab sces sa ti on can oc cur se con da ri ly to ne -

opla sia (Stann and Bau er, 1985), or it can oc cur se con -

da ri ly to a for eign body, pe ne tra ting wound or chro nic

in fec ti ons (McKiern an, 1982; Hof fer et al., 1999). 

Fe li ne Aor tic Throm boem bo lism (ATE) or is che mic

neu ro my o pa thy is a well-des cri bed en ti ty in cats. Signs

are usu al ly per acu te and con sist of vo ca li za ti on, la te ra -

li zing pare sis, pain, cold ex tre mi ties and ab sen ce of

an ar te ri al pulse in the hind limb(s) (also re fer red to as

four P’s) (Fox, 2000). It is a very de bi li ta ting dis e a se,

which re qui res ag gres si ve the ra py and has a high

mor ta li ty rate (55-63%) (Las te and Harp ster, 1995;
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Stein et al., 1995; Schoe man, 1999). In the ma jo ri ty of 

cats suf fe ring from ATE, eit her pre-exis ting car di ac

dis e a se was pre sent (11%) or ab nor mal aus cul ta ti on

(57%) was no ted on pre sen ta ti on (Las te and Harp ster,

1995). Elec tro car di og rap hic (ECG) chang es have been

re por ted in 85% of cats with ATE and usu al ly car di o me -

ga ly is pre sent on tho ra cic ra di og rap hy (89%) (Las te

and Harp ster, 1995; Fox, 2000). The most fre quent un -

der ly ing dis e a se was fe li ne hy per trop hic car di o my o pa -

thy (58%) with the left at ri al size (as me a su red by

M-mode) sig ni fi cant ly in cre a sed in the ma jo ri ty of ca -

ses (33 cats of 63 with ATE) (Las te and Harp ster, 1995).

Fe li ne ATE has also been des cri bed se con da ri ly to

tu mor em bo lism of an ade no car ci no ma. On cy to lo gy

of the em bo lus, signs of ma lig nan cy were no ted (Sy -

kes, 2003). And in a se cond case, pa ra ne oplas tic ATE

was sus pec ted to have cau sed the cli ni cal signs of dis tal 

ATE in a cat wit hout evi den ce of car di ac dis e a se (Ho -

gan et al., 1999).

Throm boem bo li za ti on af ter pneu mo nec to my in

hu mans is a com mon, well re cog ni zed and very se ri ous

com pli ca ti on (Chen et al., 2001). In con trast, me ta sta -

tic ar te ri al em bo li za ti on is a rare com pli ca ti on (Fus hi -

mi et al., 1998). 

CASE DESCRIPTION

Work up

A 13-year-old fe ma le do mes tic short hair cat was

re fer red to the De part ment of Me di ci ne and Cli ni cal

Bi o lo gy of Small Ani mals with the com plaint of ano -

rexia of 2 weeks’ du ra ti on. On cli ni cal exa mi na ti on,

de hy dra ti on (5%) was no ted. On aus cul ta ti on, dam -

pe ning of car di ac to nes on the right side was no ted

and, on one oc ca si on, a gal lop rhythm was he ard. On

non-in va si ve Dop pler blood pres su re mo ni to ring, a

mean ar te ri al pres su re of 120mmHg was found. She

also had an old, ma tu re ca ta ract le si on in her right eye.

On a first exa mi na ti on (Ja nu a ry 19th), all com ple te

blood count (CBC) va lu es were wit hin nor mal li mits,

in the bi oche mis try pa nel the re was a mar ked in cre a se

in lac ta te de hy dro ge na se (LDH) (806 units; re fe ren ce

0-192 units), with an in cre a se of LDH-1 (31.7 %; re fe -

ren ce 0-8 %) and a de cre a se of  LDH-5 (31.8%; re fe -

ren ce 40-66.3%), and LDH2-4 were wit hin re fe ren ce

va lu es.

On a se cond CBC per for med 4 days la ter: a leu ko -

cy to sis (31,130; re fe ren ce 5,000-19,000) with neu -

trop hi lia (28,640; re fe ren ce 2,500-12,500), a lefts hift

(311; re fe ren ce 0-300) and a lymp ho pe nia (1,245; re -

fe ren ce 1,500-7,000) were evi dent. The cat was FeLV

and FIV ne ga ti ve.

On tho ra cic ra di og rap hy, con so li da ti on of the left

cau dal lung lobe and ate lec ta sis of the left cra ni al lung 

lobe were seen. Dif fe ren ti als at this time in clu ded: neo -

pla sia, ab scess and lung lobe tor si on. Tho ra cic ul tra -

so no grap hy re ve a led a con so li da ted left cau dal lung

lobe with an ir re gu lar bor der on its dor sal as pect.

Anechoic ca vi ties were seen scat te red through the en -

ti re lobe. Ultra sound gui ded fine need le as pi ra ti on of

the left cau dal lung lobe was per for med and yiel ded

pu ru lent ma te ri al. A pre sump ti ve di ag no sis of a lung

lobe ab scess was made at this time and sur gi cal ex plo ra -

ti on was ad vi sed to the ow ners. Abdo mi nal ul tra sound

re ve a led no ab nor ma li ties.

Fluid the ra py, Lac ta ted Ringer’s (at a rate of 60 ml/kg

BW/24 hours) and an ti bi o tic the ra py with a com bi na ti on

of en rof loxa cin 5 mg/kg BW (Bay trilÒ, Bay er, Brus -

sels, Bel gi um) and cla vu la nic acid po ten ti a ted amoxi -

cil lin (12.5 mg/kg BW SC sid, Sy nul ox RTUÒ, Pfi zer

Ani mal He alth, Nos se gem, Bel gi um) were in sti tu ted.

Sur ge ry

No pre me di ca ti on was ad mi nis te red be cau se pre-

anest he tic eva lu a ti on re ve a led a poor ge ne ral con di ti on.

After pla ce ment of a 22 G in tra ve nous ca the ter in the

ac ces so ry cep ha lic vein, in duc ti on of anest he sia was

per for med using a 50/50 mix tu re of di a ze pam (Va li -

umÒ, Roche) and ke ta mi ne (Anes ke tinÒ, Eu ro vet)

in tra ve nous ly. A 3 mm en dot rache al tube (Rush, Ger -

ma ny) was pla ced af ter lo cal anest he sia of the la rynx

with a 2% li do cai ne spray (Xy lo cai neÒ, Astra Phar -

ma ceu ti cals). Anest he sia was main tai ned with isof lu -

ra ne (Fo re neÒ, Abbott) in oxy gen using a com mer ci al

cir cle sy stem with 10 mm pe di at ric tu bes (Dra ger,

Nar ko ses pi ro mat 656). A po si ti ve end ex pi ra to ry pres -

su re (PEEP) ven ti la ti on mode was in sti tu ted. Mo ni to -

ring in clu ded cap no grap hy (Da texÒ cap no mac ul ti ma),

pul se oxi me try (NellcorÒ), elec tro car di og rap hy (Life-

sco peÒ, Ni hon) and non-in va si ve blood pres su re me a -

su re ment (Di na mapÒ).

The left cau dal lung lobe was ap pro ached through a 

left 5th in ter cos tal tho ra co to my. The cra ni al and cau -

dal parts of the left cra ni al lung lobe were pac ked off

with mois te ned la pa ro to my spong es. The re were fi brous

adhe si ons be tween the lung lobe, di aphragm and the

thic ke ned me di as ti num. The ad he si ons to the di a -

phragm were blunt ly se ve red to re mo ve the lung lobe.

The at tached me di as ti num was re sec ted with the lung

lobe. The cau dal lung lobe was re mo ved in a rou ti ne
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man ner. The pul mo na ry vas cu la tu re was part ly oc clu -

ded in tra lu mi nal ly by tis sue. The cra ni al lobe was in -

spec ted and an at tempt was made to in fla te it ma nu al -

ly. As it re mai ned col lap sed, the de ci si on was made to

re sect the cra ni al lobe. The ves sels were dou bly li ga ted

and the bron chus was clo sed using in ter rup ted ho ri -

zon tal mat tress su tu res, af ter which it was over sewn

with a sim ple con ti nu ous su tu re pat tern (all in 3-0 po -

ly di oxa no ne, PDSII, Ethi con, Neuil ly, Fran ce). The

tho ra cic ca vi ty was la va ged with ste ri le iso to nic la va ge

fluid pre he a ted to body tem pe ra tu re. No air le aks

were no ted and the tho rax was clo sed in a rou ti ne

man ner. A tho ra cos to my tube (COOK© Ve te ri na ry

pro ducts, Strom beek-Be ver, Bel gi um) was pla ced

(7th in ter cos tal spa ce and tun ne led sub cu ta ne ous ly

for 3 cm), and se cu red by me ans of a Chi ne se fing er

trap su tu re in et hi lon 3-0 (Ethi con, Neuil ly, Fran ce).

The ribs were ap proxi ma ted with 5 sim ple in ter rup ted 

su tu res (PDSII 2-0, Ethi con, Neuil ly, Fran ce). The

mus cle lay ers were ana to mi cal ly ap po sed using 2-0

po ly di oxa no ne (PDSII 2-0, Ethi con, Neuil ly, Fran ce),

the sub cu tis was clo sed with a con ti nu ous su tu re pat tern

and the skin with sim ple in ter rup ted su tu res (et hi lon 3-0, 

Ethi con, Neuil ly, Fran ce).

Post ope ra ti ve ly, the cat re mai ned in in ten si ve care for 

24 hours. Fluid the ra py was con ti nu ed (60 ml/kg BW/24 

hours). She re cei ved bupre norp hi num (30 µg/kg BW

IM qid, Tem ge sic Ò, Sche ring-Plough, Hull, UK) for

anal ge sia. The cat was main tai ned on cla vu la nic acid

po ten ti a ted amoxy cil lin and en rof loxa cin for 4 days

post ope ra ti ve ly.

Post ope ra ti ve com pli ca ti on

The cat was re le a sed from hos pi tal on the fourth

day post ope ra ti ve ly (Ja nu a ry 29th). At home the ow -

ners no ti ced de cre a sed use of the left hind limb. After

te lep ho ne con sul ta ti on, the cat was brought back in

for fur ther eva lu a ti on and exa mi na ti on. On cli ni cal

exa mi na ti on the cat sho wed di mi nis hed use of the left

hind limb. Con sci ous propri o cep ti ve de fi cits and sub -

jec ti ve ly lo wer tem pe ra tu re were no ted in the left

hind limb. The me ta tar sal pads ap pe a red red dish blue

(cy a no tic). No pul se could be pal pa ted in the fe mo ral

ar te ry bi la te ral ly. She had a se ve re ly di mi nis hed withdra -

wal re flex and nor mal pa tel lar re flex in her left hind

limb. No de fi cits were no ted in the right hind limb.

A six-lead elec tro car di o gram was ta ken with the

cat in right la te ral re cum ben cy (Ni hon Coh den Car di -

o fax V Ecaps 12). The he art rate was 200bpm, with a

re gu lar si nus rhythm.  No ab nor ma li ties were no ted in

the P-QRS-T com plex, and the elec tri cal axis was wit hin

nor mal li mits. 

An echo car di o gram was per for med with the cat also

in right la te ral re cum ben cy (GE Ving med CFM 800,

7.5MHz trans du cer).  Me a su re ments were per for med

through a right pa ra ster nal short axis view.  The di as to lic 

and sys to lic thic kness of the in ter ven tri cu lar sep tum

was nor mal, as was the di as to lic di a me ter of the left

vent ri cle.  The sys to lic di a me ter of the left vent ri cle

was slightly di mi nis hed.  The left vent ri cu lar free wall 

could not be me a su red be cau se the marg ins were not

clear ly de li ne a ted due to ad ja cent con so li da ted lung

lo bes.  The short axis view with the aor ta and the left

at ri um could not be ob tai ned be cau se of the dis pla ce -

ment of the he art to the left.  It was not pos si ble to vi su a -

li ze the two op ti mal ly at the same time to per form me -

a su re ments.  Sub jec ti ve ly, the left at ri um ap pe a red

di la ted.  The frac ti o nal shor te ning was ele va ted. The

pre sump ti ve di ag no sis of hy per trop hic car di o my o pa -

thy could not be con fir med.  

The cat was pla ced on as pi rin the ra py (6 mg/kg BW,

q72h). Neu ro lo gic signs pro gres sed in her left hind limb

des pi te tre at ment. Dysp nea was also no ted. On tho ra cic

ra di og rap hy, a lo ca li zed area of con so li da ti on was no ted

in the right cau dal lung lobe, with ne opla sia and ab scess

as main dif fe ren ti als, with ne opla sia being the most li ke ly

dif fe ren ti al. Twen ty-two mls of clear, blood ting ed, exu -

da ti ve fluid were drai ned from the chest ca vi ty (Pro tein

14 g/L, SG 1.017), af ter which the dysp nea sub si ded. On

cy to lo gi cal exa mi na ti on (Ro ma now ski stain) neu -

trop hils, ma crop ha ges, erythro cy tes and re ac ti ve me -

sen chy mal cells were seen, but no de fi ni ti ve di ag no sis of

the cau se for the ef fu si on could be drawn from the cy to lo -

gy. No bac te ria were seen. The his to lo gi cal eva lu a ti on of

the re sec ted lung lobe was di ag no sed as car ci no ma, pro -

ba bly squa mous cell car ci no ma (SCC) of the lung with

me ta sta ses in the lo bar blood ves sels.

After 4 hours, the cat again be ca me dysp neic. The

left hind limb pa re sis had not im pro ved des pi te the ra py.

Be cau se of the wor se ning cli ni cal con di ti on of the cat, 

the re cur ring dysp nea, the pro gres sing hind limb pa -

re sis and con cur rent bad prog no sis of both the ATE

and a lung SCC, the ow ners elec ted to eu tha ni ze the

cat. An au top sy was not al lo wed.

DISCUSSION

The cat in the pre sent re port had a squa mous cell

car ci no ma of the left cau dal lung lobe. SCCs are found

in 4-5% of fe li ne ma lig nant lung ne opla sia and have a

me ta sta sis rate of 100% (Stann and Bau er, 1985). Fur -
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ther mo re, over all prog no sis for cats with lung tu mors

is poor, as di ag no sis is usu al ly late in the dis e a se pro -

cess, be cau se the signs of illness are usu al ly mas ked

by the na tu ral be ha vi or of the cat (Mehlhaff and

Moon ey, 1985). In one stu dy of 86 cats, 75.6% had

evi den ce of me ta sta tic dis e a se (Hahn and McEntee,

1997). The dif fe ren ti al di ag no sis on ra di og rap hy in

the pre sent case also in clu ded lung lobe tor si on and

ab sces sa ti on due to non-ne oplas tic cau ses, the re fo re

sur ge ry was per for med.

The cat pre sen ted with ab nor mal blood pa ra me ters:

LDH was se ve re ly in cre a sed at the ini ti al eva lu a ti on.

Pos si ble cau ses were my o car di al dis e a se or mus cu lar

dis e a se. Ho we ver, no la me ness or car di ac ab nor ma li -

ties were de tec ted at this time. The anor exia of two

weeks’ du ra ti on might pos si bly have con tri bu ted to

mus cle was ting and the re fo re in cre a sed LDH. Other

sour ces for in cre a sed LDH are erythro cy tes, the pan -

cre as and the kid ney. On a se cond eva lu a ti on, the

CBC sho wed signs of acu te in fec ti on, which was con -

sis tent with the di ag no sis of a lung lobe ab scess. 

The cat in this case re port suf fe red from a com pli ca -

ti on af ter sur ge ry. This com pli ca ti on could have been

car di ac re la ted, sur ge ry re la ted or ne opla sia re la ted.

The most com mon pre sen ta ti ons of aor tic throm boem -

bo lism are pa ra pa re sis or mo no pa re sis, and in the ma -

jo ri ty of the ca ses ra di og rap hic and elec tro car dio-

grap hic ab nor ma li ties can be found, sug ge sting that

car di o my o pa thy is the un der ly ing cau se for this syn -

dro me (Las te and Harp ster, 1995; Fox, 2000). Ho we ver, 

in this cat the elec tro car di o gram and the ra di o g rap hic

car di ac con tour were all wit hin nor mal li mits. But an

in ter mit tent gal lop rhythm could be aus cul ted and the

left at ri um ap pe a red sub jec ti ve ly en lar ged on echo -

car di og rap hy. The re fo re, car di ac re la ted ATE can not

be ru led out. Admit ted ly, it would have been pre fe ra ble

if an echo car di og rap hy had been per for med pri or to

sur ge ry, but the fin dings as they were post ope ra ti ve ly

would pro ba bly not have in flu en ced the de ci si on to

ope ra te. 

The em bo lus it self could have been fur ther in ves ti -

ga ted by ul tra so no grap hy, cy to lo gy or pos si bly even

ang i og rap hy. This would have gi ven ad di ti o nal in for ma -

ti on about the site of oc clu si on, per cen ta ge of oc clu si on

and pos si bly cau se of the oc clu si on. Ho we ver, as the

prog no sis for the cat was gra ve, no fur ther in ves ti ga ti ons

were in sti tu ted.

The re have been two case re ports of is che mic neu ro -

myo pa thy in a cat se con da ry to ne opla sia. In the first

the aut hors sug ge sted pa ra ne oplas tic throm bo cy to sis

in du ced throm boem bo lism to be the cau se of his symp -

toms (Ho gan et al., 1999). This cat had a nor mal throm -

bo cy te count (351,000; range 180,000–  430,000/µL)

which le ads to the as sump ti on that this was not the un -

der ly ing cau se in this cat. In the se cond, ma lig nant cells

were found in the throm bus on cy to lo gi cal eva lu a ti on

(Sy kes, 2003). As cy to lo gy was not per for med in this

cat, this can not be ru led out in the pre sent case.

In dogs, ATE has been des cri bed se con da ry to ne o -

pla sia (Bos wood et al., 2000; San ta ma ri na et al.,

2003). In a case se ries of 6 dogs, all pa tients were found

to have un der ly ing dis e a se. In two ca ses ne opla sia was

con si de red to be the most li ke ly eti o lo gy, alt hough the

spe ci fic mecha nism of throm bo sis could not be iden ti -

fied (Bos wood et al., 2000). In a se pa ra te case re port, the 

throm boem bo lism was cau sed by the in va si on of a phe o -

chro mo cy to ma into the cau dal vena cava (San ta ma ri na

et al., 2003). Di rect tu mo ral ing rowth ex ten ding to the

ili ac bi fur ca ti on did not cau se the ATE in our pa tient.

Anot her eti o lo gy, asi de from car di ac dis e a se and ne o -

pla sia, has been des cri bed in the dog: mi gra ting lar vae of 

Spi ro cer ca lupi were thought to be res pon si ble for the

for ma ti on of the ATE (Gal et al., 2005).

In hu man me di ci ne, pul mo na ry ar te ri al throm bo sis 

is a well re cog ni zed com pli ca ti on af ter lung lobe re -

sec ti on in hu man sur ge ry.  The most com mon site for

throm bo sis is a pul mo na ry ar te ry, but case re ports of

aor tic and ce re bral throm bo sis also exist (Zur cher et

al., 1996). Arte ri al tu mor em bo li za ti on is rare, through it 

has been des cri bed as a se ri ous com pli ca ti on of ne oplas tic

dis e a se and the ma jo ri ty of the se ca ses are con nec ted to

pul mo na ry lo ca li za ti ons (Stein et al., 1995; Zur cher et

al., 1996).

We hy po the si ze that in this case a sur ge ry in du ced

throm boem bo li za ti on oc cur red, which might also have

in clu ded tu mo ral cells; the oc clu si on of the ves sels

and the in di ca ti ons of me ta sta tic dis e a se in the his to -

lo gy re port sup port this as sump ti on. Ho we ver, a car -

di o my o pa thy re la ted throm boem bo lism can not be ru -

led out, es pe ci al ly be cau se of the pre sur gi cal ly no ted

oc ca si o nal gal loprhythm he ard on aus cul ta ti on. Sur -

ge ry could have con tri bu ted to the de ve lop ment of

ATE, ho we ver.

CONCLUSION

Se ver al con clu si ons can be drawn from the pre sent

case: pneu mo nec to my is fe a si ble in cats, but ow ners

should be awa re of the gra ve prog no sis of fe li ne pul -

mo na ry ne opla si as. ATE can oc cur af ter pul mo na ry

on co lo gi cal sur ge ry, ir res pec ti ve of the eti o lo gy.
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